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High throughput molecular analysis, including high density
single nucleotide polymorphism arrays (copy number and
autozygosity analysis) have the power to facilitate the
idenitification of novel loci. Examples will be given where
such analyses, alongside next generation sequencing allow
the delineation of the molecular pathways implicated in the
development of inherited cataract syndromes.

ANALYSIS OF PAX6 FUNCTION WITH AN EXTENSIVE
ALLELIC SERIES IN THE MOUSE
J. Favor
Institute of Human Genetics, Helmholtzzentrum München,
German Research Center for Environmental Health,
Neuherberg, Germany

COI/Financial disclosure: Nothing to disclose

The project is driven by a large collection of mutations
recovered in a series of mutagenesis experiments. F1
offspring from wildtype parents were screened by slit lamp
biomicroscopy to identify mutant carriers. The experimental
design and screening method determined that a) only
mutations with a dominant or semidominant mode of
expression for the eye phenotype, and b) phenotypic
abnormalities mainly of the anterior eye segment would be
recovered. A total of 194 independent mutations were
recovered and genetically confirmed in a total of 520,497 F1
offspring screened. 172 mutations were genetically mapped
to 38 loci. To date, 22 genes were identified which when
mutated resulted in an abnormal eye phenotype, from which
79 alleles were confirmed by sequencing.
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MITOCHONDRIAL DNA VARIATIONS IN CONGENITAL
CATARACT
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Molecular analysis of congenital cataract has provided
valuable insights into genes regulating normal lens
development. In contrast to age related cataract, genetic
association of congenital cataract is more robust and
damaging. On the other hand, pathogenic mtDNA mutations
are typically characterized by incomplete penetrance, even
when homoplasmic, presumably reflecting interactions with
environmental and nuclear genetic factors. As a result,
inherited mtDNA mutations may not manifest the same
pathogenicity in all the offspring of an affected mother. There
is no report up to today on complete mtDNA variations in
childhood cataract. Three families with inherited cataract of
maternal origin were evaluated. Clinical and ophthalmologic
examinations were performed on available affected as well
as unaffected family members. mtDNA were amplified using
overlapping primers to analyze the entire mitochondrial
genome to screen for variations and were analyzed in both
coding and non-coding regions. DNA sequence analysis
cataract families showed 72 nucleotide variations, of which
15 were observed in the major non-coding D-loop region, 3
in the tRNA genes, 5 in the rRNA genes, and 49 in the
protein coding region. Among these variations 56 were
reported previously and 16 were novel of which, 12
synonymous substitutions, 2 nosynonymous substitutions
along with a frameshift mutation, and one was in the noncoding region. NADH subunit (ND) gene of mtDNA was
highly altered, in general, and found to contain 4 variations
specific for cataract patients of the first family, six for the
second, and one for the third family. These results will be
presented.

The largest group of mutant alleles was recovered at the
Pax6 haploinsufficient gene. Mutations include missense,
nonsense, frameshift, splice site, contiguous gene deletions
and a base pair substitution in the Kozak sequence. At the
functional level, the group includes null and hypomorph
alleles. This mutant collection allows studies to characterise
individual mutant alleles at the genetic (heterozygotes vs.
homozygotes), phenotypic (e.g. pleiotropic effects,
expressivity), developmental, and molecular (gene
dysfunction) levels. With the availability of null, homozygous
lethal hypomorph, and homozygous viable hypomorph Pax6
mutant alleles, we constructed mutant Pax6 genotypes such
that the predicted Pax6 activity ranged between 100% and
0%, and studied the extent of eye development as Pax6
activity progressively decreased.
The collection of Pax6 contiguous gene deletions
differentiate for the spectrum of phenotypes expressed. We
sequenced the exact regions deleted and by an exclusion
analysis identified the regions responsible for the three main
phenotypes associated with the deletions, i.e. belly spotting,
extreme microphthalmia and early embryonic lethality.
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GENETICS OF INHERITED CONGENITAL CATARACT
G. Black, L. Porter
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Inherited congential and childhood cataract phenotypes are
highly genetically heterogenous. While isolated forms are
often inherited in an autosomal dominant fashion, an
increasing number of autosomal recessive loci are now
being recognised and characterised at the molecular level. In
addition to isolated forms, there are a wide range of
syndromic forms of congenital cataract (eg Lowe; Cockayne
syndromes) where ocular examination can contribute to
overall diagnosis and management of affected individuals.

CATARACT GENETICS IN MICE AND HUMANS
J. Graw, O. Puk
Helmholtzzentrum München, German Research Center for
Environmental Health, Neuherberg, Germany
Background: Cataracts at any stage are considered to be
caused or at least dependent on genetic modifications.

Molecular genetic analysis of congenital cataract phenotypes
can contribute positively to defining clinical diagnoses;
examples will be given where this directly contributed both to
genetic counselling and to the development of patientspecific treatments.

Methods: Offspring of mutagenized male mice are screened
for lens alterations and underlying mutations were
characterized. Similarly, congenital or juvenile cataracts in
human families have been characterized genetically. Age-
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related cataracts in the KORA-Eye Study were characterized
using candidate SNPs.

transcripts, including mip1 (an ortholog of the human gene
involved in cataract phenotype) for pitx3 and spon1b
(ortholog of Spon1 that was reported to be differentially
expressed in mouse Pax6-deficient lenses) for pax6.
Analysis of mutations and downstream networks associated
with transcription factors involved in human cataracts is
important for better understanding of the mechanisms of
human eye development and cataractogenesis.

Results: Congenital dominant cataracts in mouse mutants
have been characterized in a variety of genes, preferentially
coding for lens structural proteins like crystallins or
connexins. However, several mutations could not be
characterized, even if the linkage interval is fairly small. The
corresponding mutations might affect genes, which are not
yet considered as candidates genes for cataracts. Similarly,
a number of human families suffering from cataracts have
been characterized using a functional candidate approach.
Among those, also several cases could not yet solved. It is
expected that application of next-generation sequencing will
give us new answers soon.
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O006
A MUTATION IN A MEMBER FROM THE FAMILY OF
RAB-GTPASE-ACTIVATING PROTEINS IS
RESPONSIBLE FOR CATARACTS IN THE BLINDSTERILE (BS) MOUSE

However, cataract formation in mice at the adult stage is
proceeded by a reduced lens growth, which can be
determined easily and precisely. Mutations in Cryba2, Fgf9
and Lim2 are examples for this particular phenotype.
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Finally, in an epidemiological study performed recently in
Southern Germany, we identified two SNPs (within the GJA8
and CRYBB3 genes) to be associated with cataracts
indicating that genes involved in congenital cataracts also
play a role in age-related cataracts.

The blind-sterile (bs) locus is a recessive mouse mutation
that arose spontaneously on the AKR/J background. bs mice
exhibit congenital cataracts and male sterility. Previous
studies mapped the bs locus to the distal end of Chr. 2. The
goals of this study were to further characterize the bs
cataract phenotype and to identify the gene containing the
mutation responsible for cataracts in the bs mouse. Clinical
evaluation with a slit-lamp, following mydriasis, showed that
bs homozygote mice exhibit vacuolated cataracts.
Histological evaluation showed severely disrupted fiber cells
in bs lenses with vacuoles present in the lens cortex and
nucleus. In addition, rupture of the bs lens capsule was
present resulting in the release of lens material into the
vitreous cavity. In order to identify the gene harboring the
mutation responsible for the bs phenotype we utilized a
positional cloning strategy. bs homozygote females were
outcrossed to the Cast/EiJ strain followed by F1 (bs X
Cast/EiJ) intercross to generate 1177 F2 progeny. At three
weeks of age, the F2 progeny were evaluated for cataracts,
euthanized, and tissues were collected for genetic analysis.
Mapping with polymorphic microsatellites confirmed linkage
to Chr. 2, and assigned the bs locus to a 4 cM region
between D2Mit281 and D2Mit285. Fine SNP mapping
narrowed down the bs critical region to 415 kb containing 16
candidate genes. Sequence analysis of 16 candidate genes
identified a 12 bp deletion in a gene that encodes a member
from the family of Rab-GTPase-activating proteins (GAPs).
The 12-bp deletion resulted in an in-frame deletion of 4
amino acids and an additional amino acid substitution within
an evolutionarily conserved TBC domain. Our current
studies focus on the expression profile of this new gene
during the lens development as well as elucidation of its role
for lens transparency.

Conclusions: Mutations in several genes underlying
congenital and juvenile cataracts have been identified; there
are good reasons suggesting that minor modifications in
these genes are involved in age-related cataracts.
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TRANSCRIPTION FACTORS AND HUMAN CONGENITAL
HEREDITARY CATARACT
E.V. Semina
Pediatrics, Medical College of Wisconsin, Milwaukee, WI,
USA
Transcription factors play important roles in eye
development and mutations in genes encoding these
regulatory proteins result in a variety of human disorders.
The paired and homeodomain containing transcription factor
PAX6, the homeodomain protein PITX3, and the forkhead
factor FOXE3 have been associated with congenital
cataracts and various other ocular phenotypes. Examination
of PAX6, PITX3 and FOXE3 genes for alterations using
DNA-sequencing of coding exons and adjacent intronic
regions as well as genomic copy number analysis in a large
cohort of ocular patients identified a number of new
mutations, including a genomic duplication of PAX6 and the
surrounding region, in patients affected with congenital
cataracts with or without other eye defects. Several studies
have previously demonstrated that PAX6, PITX3 and FOXE3
may be involved in the same pathway. Deficiencies in
orthologous genes in zebrafish were shown to result in
abnormal lens development, thus highlighting the conserved
functions of these transcription factors in the vertebrate eye.
We characterized three new zebrafish mutant lines
(generated by the Zebrafish Mutation Project), pax6bsa86,
pitx3hu3263 and pitx3sa45, with regards to the mutation
effect and associated phenotypes, and studied pitx3 and
foxe3 complete morphant embryos. While some reduction of
pitx3 and foxe3 expression was observed in pax6 mutants
and foxe3 expression was decreased in pitx3 deficient
embryos, pax6, pitx3 and foxe3 appear to be largely
independent of each other in their regulation. Analysis of
differentially expressed genes was performed using wildtype and pax6- or pitx3- deficient eyes; this analysis
identified various overlapping and unique downstream
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OVERVIEW OF AQUEOUS HUMOR OUTFLOW
T. Freddo
Optometry, University of Waterloo, Waterloo, ON, Canada
The purpose of this presentation is to provide an overview
and perspective on the structure and function of the principal
pathway for aqueous outflow, through the trabecular
meshwork to the episcleral veins. Emphasis will be placed
on features currently believed to be most directly involved in
creating and relieving outflow resistance. The structure of
the trabecular meshwork will be described, from both the
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traditional sagittal section and gonioscopic perspectives.
Connections to the scleral spur and the cribriform plexus will
be identified. Special attention will be given to the
juxtacanalicular connective tissue (JCT) region that underlies
the inner wall of Schlemm's canal. The bifid nature of this
channel and ultrastructural features of the endothelial wall of
Schlemm's canal will be presented, including the structure of
intercellular junctions, formation of giant vacuoles and the
types of pores through which aqueous humor is presumed to
enter the lumen of Schlemm's canal. Ostia of the collector
channels, and their possible relationship to preferred flow
pathways and as a contributor to outflow resistance will be
described.
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TRABECULAR EXTRACELLULAR MATRIX
ALTERATIONS IN PSEUDOEXFOLIATION SYNDROME /
GLAUCOMA
1

2

1

M. Zenkel , F. Pasutto , F. Kruse , U. Schlötzer-Schrehardt
1

1

2

Department of Ophthalmology, Institute of Human
Genetics, University of Erlangen-Nürnberg, Erlangen,
Germany
Pseudoexfoliation (PEX) syndrome is a genetically
predisposed, stress-related disorder of the extracellular
matrix and a major cause of open-angle glaucoma.
Progressive obstruction of the trabecular meshwork by
locally produced PEX material deposits is considered the
primary cause of chronic pressure elevation and glaucoma
development in eyes of patients with PEX. To determine the
molecular mechanisms contributing to histopathologic
alterations and the resulting dysfunction of the trabecular
meshwork in PEX eyes, we investigated the expression of a
large set of extracellular matrix components, matrix
proteases and their inhibitors, stress-related protective
genes, as well as lysyl-oxidase like 1 (LOXL1), an
extracellular matrix cross-linking enzyme and the major
genetic risk factor for PEX syndrome/glaucoma, in PEX and
control specimens using quantitative real-time PCR,
immunohistochemistry and electron microscopy.
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CHANGES IN EXTRACELLULAR MATRIX TURNOVER
AND ORGANIZATION THAT MODIFY THE OUTFLOW
RESISTANCE
T.S. Acott, K.E. Keller, J.A. Vranka, J.M. Bradley, M.J. Kelley
Ophthalmology, Casey Eye Institute / Oregon Health &
Science University, Portland, OR, USA
Background and aims: A number of treatments that affect
the trabecular meshwork's (TM) extracellular matrix (ECM)
modulate the aqueous humor outflow resistance in perfused
anterior segment organ culture. Enzymes that degrade
glycosaminoglycans (GAGs) like hyaluronan (HA) and
chondroitin sulfate (CS), increase outflow facility in pigs, but
do not consistently affect the human outflow resistance.
However, inhibition of GAG biosynthesis, CS chain
elongation, or GAG chain sulfation all increase outflow in
both pigs and humans. Mechanical stretching or treatment
with the matrix metalloproteinases (MMP-2, -3 or -9),
ADAMTS-4, TNFα and IL-1α increase outflow facility, while
TGFβ treatment decreases facility in both human and pig.
However, differential effects are observed with RNAi
silencing of versican and HA synthase (HAS) 1 or 2 and
reduction of HA levels by 4-methylumbelliferone. These
treatments increase facility in pigs but decrease facility in
humans. These changes in the outflow resistance occur
relatively slowly, i.e. many hours to days, which is in the
time-frame of ECM turnover and remodeling. In contrast,
numerous direct manipulations of outflow pathway cells or
their cytoskeleton have been shown to produce relatively
rapid changes in facility, i.e. minutes to hours.

The expression of elastic fiber components, such as fibrillin1, elastin, and fibulin-4, known components of PEX material,
was markedly upregulated in the trabecular meshwork of
patients with PEX syndrome and glaucoma, both on the
mRNA and protein level. Matrix metalloproteinase (MMP) -2
as well as tissue inhibitors of MMP (TIMP) -1 and -2 were
found to be upregulated in PEX specimens, whereas
proteases of the ADAMTS family were not differentially
expressed. Furthermore, a number of protective gene
products, such as glutaredoxin, microsomal glutathion-Stransferase, and the extracellular chaperone clusterin were
found to be downregulated in PEX specimens. The
expression of LOXL1, which co-localized with elastic fiber
components within PEX material aggregates, was either
markedly increased in early stages or decreased in
advanced stages of PEX as compared to controls.
These data suggest that a dysbalance between production
and degradation of extracellular matrix components, an
impaired cellular stress response, and abnormal crosslinking processes may lead to the abnormal aggregation of
elastic fiber components into the characteristic PEX material
resulting in increased outflow resistance in the trabecular
meshwork of PEX eyes.

Results and conclusions: These observations suggest that
components of the ECM, particularly versican and HA, are
central constituents of the outflow resistance in both human
and pigs. However, the structural organization of the
resistance appears to be somewhat different between these
two species, hence the differential effects of some of the
manipulations. The effects of the cytoskeletal manipulations
on the outflow resistance may be indirect, in that the
orientation or organization of these ECM components is
transmitted through their cellular receptors. Studies to
visualize the key changes in the outflow resistance are
complicated by the segmental nature of outflow in both pig
and human eyes. Although present throughout the TM,
versican is particularly abundant just beneath the inner wall
of Schlemm's canal in the deepest portion of the
juxtacanalicular region. HA is also relatively abundant in the
JCT. Differences in the distribution of versican and HA in the
juxtacanalicular region may help refine our understanding of
the outflow resistance organization.
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INNATE IMMUNITY AND PRIMARY OPEN-ANGLE
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Primary open-angle glaucoma (POAG) is a common,
debilitating disease characterized by irreversible optic nerve
cupping and visual field loss. The first line of defense in
disease is the innate immune system upregulating a number
of cytokines and chemokines which cause an inflammatory
response. One key innate immune receptor is toll-like
receptor 4 (TLR4) and is upregulated by a variety of ligands.
TLR4 ligands include pathogen-associated molecular
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patterns such as bacterial lipopolysaccharide, as well as
damage-associated molecular patterns including cell
membrane fragments, heat shock proteins, and lowmolecular-weight hyaluronic acid (LMW-HA) fragments
generated by endogenous hyaluronidases. Importantly,
TLR4 requires a co-receptor, CD44, to bind LMW-HA. In
ocular tissues, endogenous hyaluronidase activity is
upregulated by hypoxia, mechanical stress, and reactive
oxygen species. Notably, our laboratory has documented
significantly higher concentrations of LMW-HA in the
aqueous humor of POAG patients relative to healthy
controls. Therefore, our laboratory´s working hypothesis is
that these LMW-HA fragments bind to and activate TLR4,
leading to NF-kB upregulation, inflammation, and
subsequent damage to the optic nerve.

localized with ZO-1. Subsequent to phorbol diester
treatment, ZO-1 relocated from the cell cortex and colocalized
with
cortactin
at
PILS.
Furthermore,
immunohistochemistry and confocal microscopy showed that
a portion of ZO-1 co-localized with α5β1 integrin as well as
with PKCε in PTM.
Conclusions: ZO-1 appears to have multiple binding
partners, including several integrins. The interactions elicited
from ZO-1 with stretch, phorbol diester, or with colocalization
suggest that ZO-1 can organize multiple protein complexes
in TM. These relationships imply that ZO-1 may participate in
mechanisms of cell adhesion, motility, and in degradation of
extracellular matrix in TM.
COI/Financial disclosure: Support: NIH# EY003279,
EY008247, EY010572, Research to Prevent Blindness.

Our thypothesis also provides a mechanism for other
elements of POAG which have heretofore not been
understood. Recent research has shown that LMW-HA (but
not high-molecular-weight-HA) activates HABP2, a serine
protease which is responsible for hyper-permeability of blood
vessels in animal models. Therefore, LMW-HA fragments
are negative regulators of vascular integrity, which explains
why an abnormally high proportion of POAG patients also
have Drance optic nerve and nail bed hemorrhages.

O012
NEUROPROTECTION OF THE RETINA: MECHANISMS
AND THERAPEUTIC OPTIONS
J. Stone
ARC Centre of Excellence in Vision Research and Bosch
Institute, University of Sydney, Sydney, NSW, Australia

In conclusion, the multiple signaling functions of LMW-HA
demonstrate that POAG is not solely an optic disease, but
also is a systemic disease. This new approach using the
innate immune system response in causing POAG is quite
promising: a novel effective neuroprotection method targeted
to down regulate TLR4 and thereby, prevent optic nerve
injury in POAG.

The protection of the retina, particularly photoreceptors, from
environmental and genetic stress is important for the
treatment of age-related macular degeneration (AMD) and
retinitis pigmentosa (RP). Because the retina is part of the
central nervous system (CNS), discoveries from retinal and
cerebral degeneratoins are proving relevant to each other.
Although clinically, most retinal and cerebral degenerations
remain difficult to prevent, slow, stop or reverse, the range of
neuroprotective strategies devised in laboratory models is
broadening. Some strategies, like light restriction and
preconditioning, are retina-specific. Others, particularly
stress-conditioning by ischaemia, remote ischaemia,
phytotoxins, exercise and caloric restriction, were discovered
in other tissues, and have proved relevant to the brain or
retina. Their mechanisms may be general not just to the
CNS, but to all tissues and will be reviewed. Two emerging
neuroprotectants, dietary saffron and photobiomodulation
(the irradiation of tissue with low energy red-infrared light)
will also be reviewed, and data from models of cerebral
degeneration will be presented. The therapeutic options
opened by these strategies will also be discussed.
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ZONULA OCCLUDENS (ZO-1) INTERACTIONS WITH
INTEGRINS AND PILS IN TRABECULAR MESHWORK
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Background: Although zonula occludens protein (ZO-1) has
been primarily studied because of its role in formation of tight
junctions, it also is important in podosome formation and
function. Podosomes are dynamic cellular structures
involved in both extracellular matrix remodeling and cell
adhesion. Podosome or invadopodia-like structures (PILS),
found in trabecular meshwork cells (TM), contain an
essential regulatory protein, cortactin. In other systems,
cortactin is a known binding partner of ZO-1. Additionally, in
another mechanism, ZO-1 interacts preferentially with α5β1
at the lamellae of migrating cells. Protein kinase C epsilon
(PKCε) is a positive regulator of this integrin-dependent cell
migration.
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VEGF-A IS AN ESSENTIAL NEUROPROTECTANT FOR
RETINAL NEURONS
Y.S. Ng
Institute of Ophthalmology, University College London,
London, UK
Vascular endothelial growth factor A (VEGF-A) was initially
discovered as an endothelial cell-specific factor, and current
evidence suggests that it also plays numerous roles outside
the vasculature, perhaps most significantly in the nervous
system. In the developing retina, the VEGF-A pathway may
influence neuronal development, as well as orchestrating
retinal angiogenesis. Interestingly, the levels of VEGF-A
expression remain relatively high in the adult retina
suggesting that it may also play a role beyond development.
We previously determined a neuroprotective role for both
endogenous and exogenous VEGF-A in the adult rodent
retina using an acute ischemia-reperfusion injury model.
Furthermore, we demonstrated that endogenous VEGF-A is

Methods: Porcine TM cells (PTM) were stretched for 24, 48,
or 72 hrs and examined for changes in ZO-1 and α3 integrin.
To induce additional PILS formation and to examine ZO-1
distribution, PTM cell culture was treated with phorbol
diester. To investigate the presence of an α5β1-ZO-1
complex, ZO-1 was co-localized with α5β1 integrin. The role
of ZO-1 in TM, its binding and regulation with stretch,
phorbol diester, and co-localization were evaluated by
immunohistochemistry and confocal microscopy.
Results: ZO-1 increased with stretch at 48 hrs, but
decreased to baseline levels by 72 hrs. α3 integrin co-

4

critical for maintaining neuron survival in normal adult retina.
Here we investigate the mechanistic basis of VEGF-A's
neuroprotective function using a primary retinal ganglion cell
culture model, and probe the importance of VEGF-A to
neuron survival in models of glaucoma. Our findings
reinforce the essential role for VEGF-A in retinal neuron
survival and raise questions about therapeutic targeting of
VEGF-A in conditions associated with retinal ganglion cell
distress.

broken down and macrophages are present in the subretinal
space. We also find that as the lesion progresses, recruited
macrophages express chemokines and complement. The
findings suggest that in this model retinal degeneration is
initiated by oxidative damage, and mediated by immune cells
that are recruited to the site of damage via the vasculature,
and subsequently by transgression of the BRB. Both 670 nm
light irradiation and RNAi against chemokine expression are
neuroprotective.
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NEURO-PROTECTIVE PATHWAYS ACTIVATED BY
SAFFRON IN ANIMAL MODELS WITH RETINAL
DEGENERATION
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Purpose: Pre-treatment with dietary saffron mitigates lightinduced photoreceptor damage in albino rats (Maccarone et
al IOVS 2008). Microarray experiments have shown that
saffron supplement regulates the expression of a high
number of genes activated by light exposure (Natoli et al
2010). Clinical trials indicate that saffron supplementation
improves retinal sensitivity in early age-related macular
degeneration (AMD) (Falsini et al IOVS 2010). We evaluated
the potential of saffron neuroprotection in different animal
models of inherited photoreceptor degeneration and we
tested possible ways of action.

COMPLEMENT ACTIVATION IN AN ANIMAL MODEL OF
DRY AMD
1,2
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Degeneration of the outer retina and RPE in the absence of
neovascularization - geographic atrophy - is the most
common form of Age-related Macular Degeneration. Also
known as “dry' AMD, both this and the neovascular form of
the disease are linked with polymorphisms in complementrelated genes. Most prevalent of these is the Y402H
polymorphism in complement factor H (CFH). CFH normally
acts as a negative regulator of the complement cascade; the
Y402H variant does not carry out this role effectively. These
observations suggest that in AMD unknown triggers, which
are generally agreed to include events that induce oxidative
stress in photoreceptors, activate complement.

Methods: We used albino rats (Sprague Dawley) RCS rats,
ABCR-/- mice born and raised in our colony under cyclic
illumination (12 hrs light 5 lux-12 hrs dark). Saffron treatment
(1mg/kg/day) was started either in adult or mother was fed
during pregnancy and lasted variable time according to the
experimental paradigm. Retinal function was tested by
recording ERG in control and treated animals alternatively
several time during treatment. Following the last recording
session animals were sacrificed; eyes rapidly removed, cryosectioned and labelled to analyse the thickness of the ONL
(outer nuclear layer), apoptotic figures and immunostained to
visualize several stressing markers (GFAP) inflammation
markers (CCL2) or proteins probably involved in
neurodegenerative/protective pathways (TNFalpha, MMP3).

We have used a light-induced rat model of retinal
degeneration to investigate activation of complement and
accumulation of C3 in the photoreceptor layer. Animals are
exposed to 24 hrs bright light (1000lx), then returned to lowlight conditions for periods up to 14 days. We have shown
previously that degeneration in this model is centered on the
visual axis, and that the lesion expands slowly over time,
well beyond removal of the damaging light stimulus.
Maximum cell death occurs at 24 hrs exposure, and
disruption of the outer blood-retinal-barrier (BRB) is evident
by 3d post-exposure.

Results: The amplitude of the b wave in treated animals
remains significantly higher than in control in both rats and
mice, and the expression of stressing markers is strongly
reduced. Preliminary results suggest a direct action on
TNFalpha receptors as a possible way to control apoptosis.
Conclusion: Our results confirm and extend our previous
observation showing the efficacy of saffron treatment to cope
with neurodegenerative processes environmentally or
genetically induced, and allow to advance several
hypotheses on the ways of action.

We have now established using quantitative PCR the
timecourse of expression of genes encoding a number of
chemokines, complement proteins and regulators. In situ
hybridization and immunohistochemistry indicate the cell
populations expressing these genes and the localization of
proteins, in relation to the degenerative lesion. We have
used both irradiation with 670 nm light and RNAi to
investigate mechanisms of neuroprotection, by monitoring
changes in expression and localization of those genes.
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Findings indicate that macrophage-recruiting chemokines
are locally expressed by retinal cells on the visual axis (area
centralis), and that macrophages initially enter the retina
from the retinal vessels. By 3 days the outer BRB has
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in tubby mice by modulation of survival/apoptosis signaling
pathways following intracardial injection. Here we test the
long-term effects of nanoceria in preserving retinal structure
and function in tubby mice.

O016
RETINA NEUROPROTECTION BY SAFFRON: HUMAN
AGE-RELATED AND INHERITED PHOTORECEPTOR
DEGENERATIONS
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Methods: Tubby pups were intravitreally injected with 1µl of
1mM nanoceria at P7. Wild type (wt), untreated and saline
injected mutant mice served as controls. Retinal structure
and function were assessed by ERG and histology at P28,
P49, P80 and P120. Oxidative stress (OS)-associated gene
expression was analyzed by “mouse oxidative stress and
antioxidant defense” PCR arrays. The expression of
photoreceptor-specific genes and caspase-3 was analyzed
by qRT-PCR and western blot.
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Results: At P28, nanoceria up-regulated genes associated
with protection from OS whereas the down-regulated genes
were involved in oxidant production and apoptosis.
Expression of photoreceptor-specific genes was increased
whereas expression of caspase-3 was decreased in
nanoceria treated eyes compared to uninjected and saline
treatment. Outer nuclear layer thickness in saline treated
eyes was 54% of wt level and nanoceria treated eyes
reached 75% of wt level. The amplitude of scotopic a-, bwave and photopic b-wave was elevated 73%, 71% and
77%, respectively, by nanoceria treatment compared to
saline injection. These effects are sustained through P49.
Although nanoceria function at P120, their effects on retinal
structure and function are significantly reduced.

Purpose: To evaluate the influence of Saffron
supplementation in human patients suffering from agerelated maculopathy (ARM) and inherited photoreceptor
degenerations (IPD) with different known genotypes.
Methods: A randomized 18 month clinical trial has been
completed in ARM patients and an open-label, 12 month
pilot study is currently undergoing in IPD patients affected by
a) recessive or dominant retinitis pigmentosa (RP)
associated with CERKL or Rhodopsin mutation, respectively,
b) Myosin VIIa-associated Usher RP and

Conclusions: Nanoceria act as antioxidants to modulate
OS-associated gene expression. They up-regulate
photoreceptor-specific gene expression, prevent apoptosis
of photoreceptor cells and thereby promote photoreceptor
survival, maintain retinal structure and function and slow
inherited retinal degeneration.

c) ELOVL4-associated cone-rod dystrophy (CRD). The main
outcome variable were amplitude and sensitivity of macular
cone-mediated electroretinogram to flicker stimulation
(fERG). Secondary outcome was visual acuity.
Result: In ARM patients, macular fERG amplitude and
sensitivity, as well as visual acuity, improved (on average
fERG by 0.3 log units, acuity by 1.2 lines) following three
months of supplementation compared to placebo. This
improvement was maintained by extending the treatment to
18 months. In all IPD patients, fERG amplitude and
sensitivity improved by at least 0.3 log units from baseline
after six months of treatment. Acuity improved by at least
two lines.

Support: NIH: P30-EY12190, COBRE-P20 RR017703,
R21EY018306, R01EY018724. FFB C-NP-0707-0404UOK08. NSF:CBET-0708172. Funds from PHF and RPB.

Conclusion: The findings of a randomized clinical trial in
ARM and of an early pilot trial in IPD with known genotype
provide evidence of significant retinal neuroprotection by
Saffron supplementation in humans.

BACTERIAL-HOST INTERACTIONS IN THE
PATHOGENESIS OF S. AUREUS ENDOPHTHALMITIS

COI/Financial disclosure: US patent 7347987 with S seal &
JF McGinnis as co-inventors
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Staphylococcus aureus (S. aureus) is a leading cause of
destructive endophthalmitis associated with severe
inflammation, retinal damage, and loss of vision. The retinal
damage occurs directly, as a consequence of bacterial
toxins and cytolytic factors that lyse cells and damage host
tissue, as well as, an indirect outcome of host inflammation
resulting from bystander damage of normal tissue. The host
immune response to intraocular infection is multifactorial with
bacterial clearance dependent upon the rapid induction of
innate mediated immunity. However, the eye is faced with
the unique challenge of preventing infection while
simultaneously protecting the delicate visual axis from sightdestroying inflammation. Fas Ligand (FasL) and Toll-like
receptor 2 (TLR2) are both critical mediators of innate
immunity. FasL is a protein first identified as a critical
mediator of ocular immune privilege and we demonstrated
subsequently
that
membrane
FasL
(mFasL)
is
proinflammatory while soluble FasL (sFasL) is antiinflammatory. TLR2 is a signaling receptor of the innate
immune system that specifically recognizes S. aureus and

LONG TERM THERAPEUTIC EFFECTS OF NANOCERIA
ON PREVENTION OF RETINAL DEGENERATION IN
TUBBY MICE
1

1
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X. Cai , S.A. Sezate , S. Seal , J.F. McGinnis

1,3

1

Ophthalmology, University of Oklahoma Health Sciences
2
Center, Oklahoma City, OK, MMAE, Nanoscience and
Technology Center and Advanced Materials Processing and
Analysis Center, University of Central Florida, Orlando, FL,
3
Cell Biology & Neuroscience Center, University of
Oklahoma Health Sciences Center, Oklahoma City, OK,
USA
Background and aims: The Tub mutation results in retinal
and cochlear degeneration. Cerium oxide nanoparticles
(nanoceria) have been shown to catalytically scavenge
reactive oxygen species (ROS) and protect photoreceptors
in a rat light-damage model. They slow retinal degeneration
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triggers the secretion of antimicrobial factors, phagocytosis
of pathogens, and release of pro-inflammatory cytokines.
Our experiments reveal that mFasL and TLR2 are both
required for bacterial clearance in a murine model of
S.aureus-induced endophthalmitis. By contrast, we
demonstrate that the soluble form of FasL (sFasL) and the
nucleotide-binding oligomerization domain-containing protein
2 (NOD2) are “modulators” of innate immunity and help limit
non-specific tissue damage and protect the delicate retinal
tissue during a bacterial infection. We previously
demonstrated that sFasL is anti-inflammatory within the eye,
and shuts down innate mediated inflammation. Similarly,
others have suggested that NOD2 modulates innate
immunity by inhibiting TLR2-mediated activation of NF-κB.
Using the murine model of S. aureus-induced
endophthalmitis, we demonstrate that the presence of sFasL
coincides with resolution of inflammation, while destructive
endophthalmitis occurs in the absence of sFasL. Moreover,
using NOD2-KO mice we reveal no change in bacterial
clearance, yet increased retinal damage is apparent in the
absence of NOD2. In conclusion, we have used a murine
model of S. aureus- induced endophthalmitis in conjunction
with several unique knock-out (FasL-KO, TLR2-KO, NOD2KO) and knock-in (mFasL-only) mice, to elucidate the
mechanisms by which the eye protects against pathogens
while simultaneously protecting the delicate retinal tissue via
(i) rapid induction of innate mediated inflammation through
triggering of TLR2 and upregulation of mFasL, and at the
same time (ii) inhibiting and/or modulating the inflammatory
response through increased production of sFasL and
triggering of NOD2.

COI/Financial disclosure: Four patents for
therapeutic strategies to protect against infection
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ROLE OF PROTEASES IN SERRATIA MARCESCENS
KERATITIS
R.M.Q. Shanks, N.A. Stella, R.P. Kowalski, F.S. Mah, E.G.
Romanowski
Ophthalmology, University of Pittsburgh, Pittsburgh, PA,
USA
Serratia marcescens is a gram-negative bacterium that
causes keratitis and secretes a number of biologically active
enzymes such as lipases and proteases. A 56 kD
metalloprotease, also known as serralysin, has been shown
to be cytotoxic to tissue culture cells in vitro and sufficient to
produce inflammation and tissue damage in rabbit keratitis
models. Regulators of serralysin were previously unknown.
We have performed genetic screens to identify novel
regulators of serralysin and characterize their roles in
cytotoxicity using an ocular cell line. Three homologs of the
serralysin gene in the S. marcescens genome were
identified. We constructed strains with each of the four
chromosomal metalloprotease genes under control of an
arabinose-inducible promoter so that we can dictate
expression of the genes in vitro. The cytotoxic potential of
each protease has been characterized. The secreted
metalloproteases of S. marcescens may be key virulence
factors and may contribute to the ability of S. marcescens
and other bacteria to cause ocular infections.

COI/Financial disclosure: Nothing to disclose
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DEFENDING THE EYE AGAINST THE MANY WEAPONS
OF PSEUDOMONAS AERUGINOSA
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S. Fleiszig

TLR4/CAPSULAR INTERACTIONS IN KLEBSIELLA
ENDOPHTHALMITIS

Optometry, UC Berkeley, Berkeley, CA, USA
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Pseudomonas aeruginosa possesses a large genome
encoding many virulence factors. It also encodes a plethora
of regulators of virulence factor expression and many
survival/adaptation factors that have potential to be excellent
targets for therapeutics. With this endpoint in mind, it is
important to determine which genes are critical to
pathogenesis in the tissue of interest using models that
accurately reflect the circumstances that predispose to
infection in people. Indeed, our data show that interactions
between bacteria and cells grown in vitro with culture media
can be very different from how the same bacteria/cells
interact in vivo. Further, many bacterial “virulence” factors
identified in vitro, were subsequently found not to play a role
in corneal pathology in vivo. In our laboratory we have been
working towards making in vitro models more “in vivo-like”,
and developing in vivo models that more closely resemble
how infections happen in humans. We have also studied
differences between in vitro and in vivo responses to gain
insights into how the in vivo ocular surface remains healthy
under normal circumstances. Finally, we have developed
imaging methods that enable bacteria and epithelial cells to
be imaged within the intact living eyeball. Using these
models
and
employing
array
technologies
and
knockdown/knockout methods, we have begun to decipher
critical regulators of P. aeruginosa virulence and the host
defenses that protect the corneal epithelium against them.
This talk will describe these models and will summarize
results obtained, which show a role for tear fluid in
modulating epithelial defense that translates into a highly
robust barrier against microbes in vivo.
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Microbiology/Immunology, Ophthalmology, University of
Oklahoma Health Sciences Center, Oklahoma City, OK,
USA

Background: Klebsiella pneumoniae (KP) is the leading
Gram-negative cause of endogenous endophthalmitis, an
infection that invariably results in significant vision loss
vision. Most invasive strains that cause ocular infections
exhibit a hypermucoviscous capsular phenotype. The
mucoviscosity associated gene A (magA) was identified by
mutational analysis to be necessary for this phenotype.
Because magA is highly correlated with invasive disease, we
analyzed whether MagA was required to establish
endophthalmitis. The literature suggests that the K1 capsule
of KP directly interacts with and activates TLR4. To
determine if TLR4 affects the outcome of disease, wild type
(MagA+) or MagA- isogenic KP were also tested in the
experimental endophthalmitis model using TLR4-/- mice.
Methods: Control (wild type C57BL/6J) or congenic TLR4-/mice were intravitreally infected with 100 CFU of MagA+ or
MagA- KP. Infection/inflammation parameters assessed
included bacterial growth, retinal function, infiltrating
inflammatory cells (histology and myeloperoxidase [MPO]
assay), and ocular cytokine/chemokine responses.
Results: Ocular MagA+ KP loads were similar in control and
TLR4-/- mice (P≥0.16). In contrast, MagA- KP grew to a
higher density in TLR4-/- eyes (P≤0.002). Retinal function
was retained to a greater degree at 18 h following infection
with MagA+ KP in TLR4-/- mice (P≤0.01). Retinal function
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loss was similar in control or TLR4-/- mice infected with
MagA- KP (P≥0.05). In terms of inflammation, eyes infected
with MagA+ KP demonstrated a delay in PMN migration into
TLR4-/- eyes. More cells were observed in control mice at 18
h than in TLR4-/- mice. MPO data confirmed this
observation. Proinflammatory cytokine responses were also
delayed in TLR4-/- mice infected with MagA+ KP.
Inflammation was muted in eyes infected with MagA- KP
regardless of the mouse strain infected. However, at 24 h,
inflammation was similar and significant in both mouse
strains infected with either KP strain.

Institute of Experimental and Clinical Pharmacology and
Toxicology, Interfaculty Center of Pharmacogenomics and
Pharmaceutical Research (ICePhA), University Clinics
4
Tuebingen, University of Tuebingen, Molecular Genetics
Laboratory, Institute for Ophthalmic Research, Centre for
5
Ophthalmology, University Clinics Tuebingen, Department
of Pharmacology and Toxicology, Institute of Pharmacy,
University of Tuebingen, Tuebingen, Germany
In the mouse retina, signal transduction and modulation of
bipolar cell activity depends on a variety of ion channels. BK
channels modulate feedback from A17 amacrine cells to rod
bipolar cells (RBCs) thus controlling transmitter release at
RBC axon terminals (Grimes et al., 2009). On ON-bipolar
cell dendrites, receptor-operated TRP channels are
integrated in glutamatergic synapses, e.g. it has been shown
that TRPM1 channels in RBCs function as mGluR6-coupled
ion channels responsible for generating depolarizing light
responses (Morgans et al., 2009). Here we investigated how
BK and TRPM3 channels regulate rod and cone driven
bipolar cell activity in vivo under dark-adapted (scotopic),
light-adapted (photopic), and intermediate (mesopic)
conditions.

Conclusions: Loss of TLR4 signaling did not affect the
growth of MagA+ KP in the eye but facilitated better growth
conditions for MagA- KP. TLR4 may be important for initial
protection of vision, but after 18 h, this protection is lost and
retinal function loss is significant. Loss of TLR4 signaling
affected intraocular inflammation as PMN influx and
proinflammatory cytokine responses were delayed. These
results suggest that any protection TLR4-/- eyes enjoy from
a delay in inflammation is eventually ameliorated in the
absence of sterilizing therapy. The results also suggest that
there are TLR4 independent pathways for inflammation in
the eye in response to KP.

We used electroretinography (ERG) to examine the
functional role of BK and TRPM3 channels for rod and cone
vision in the in vivo retina using transgenic mouse lines
-/lacking functional BK channels (Bk ) and TRPM3 channels
-/(TRPM3 ). Immunocytochemistry with channel-specific
antibodies was performed to study the expression of BK and
TRPM3 channels.

COI/Financial disclosure: Nothing to disclose
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TRANSCRIPTION REGULATION OF CORNEAL INNATE
IMMUNE RESPONSE TO INFECTION
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Under all tested light conditions, the lack of BK and TRPM3
channels had no effect on photoreceptor activity, suggesting
that these channels do not modulate photoreceptor
responses. This finding was confirmed by the absence of BK
and TRPM3 channel immunoreactivity in photoreceptors. At
the bipolar cell level, the ERG signals attributed to RBCs in
-/Bk mice were significantly reduced at high scotopic to
mesopic stimulus intensities. At photopic intensities, cone
-/bipolar cell activity in Bk and wild type retinae was not
-/different. In contrast, cone bipolar cell activity in TRPM3
mice was significantly attenuated using mesopic to photopic
stimulus intensities whereas RBC activity at scotopic
stimulus intensities was unchanged.
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3
Medicine, Washington University School of Medicine,
Detroit, MI, USA
We previously reported that flagellin stimulates profound
protective mucosal immunity against Pseudomonas (P.)
aeruginosa infection by reprogramming the expression of
genes involved in innate immune responses in the cornea
and in the lung. To understand transcriptional regulation of
flagellin-induced reprogramming, we identified ATF3 and
IRF1 as two of transcription factors greatly up-regulated in
corneal epithelial cells in response to infection in vitro and in
vivo. However, flagellin-pretreatment augmented ATF3
expression but greatly suppressed IRF1 expression to a
level lower than the control. Deficiency of IRF1 partially
inhibited CXCL10 up-regulation and weakened innate
protection against infection induced by flagellin pretreatment.
ATF3 knockout, on the other hand, affected the expression
of 230 genes, including innate immune molecule lipocalin 2
and cathepsin E, in response to infection and totally
abolished flagellin induced protection against P. aeruginosa.
Taken together, our results indicate that both ATF3 and IRF1
play a role in controlling the expression of genes involved in
corneal innate immune response to microbial infection.

Our findings demonstrate that BK channels modulate visual
responses at the RBC level under scotopic to mesopic
conditions but not cone bipolar cell activity under photopic
conditions. Thus, BK channels modulate bipolar cell activity
exclusively in the rod pathway but not in the cone pathway.
In contrast, TRPM3 channel deletion reduced visual
responses of cone bipolar cells but did not affect visual
responses of RBCs. Therefore, TRMP3 channels might be a
key component of the mGluR6-coupled ion channel in ONcone bipolar cells, analogous to TRPM1 channel function in
RBCs.
Morgans et al. (2009). TRPM1 is required for the
depolarizing light response in retinal ON-bipolar cells. PNAS
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Grimes et al. (2009). BK channels modulate pre- and
postsynaptic signaling at reciprocal synapses in retina.
Nature Neuroscience

BK CHANNELS AND TRPM3 CHANNELS MEDIATE
PATHWAY-SPECIFIC MODULATION OF BIPOLAR CELL
ACTIVITY IN THE MOUSE RETINA
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i.e. wide-field amacrine cells, have a low abundance and are
therefore difficult to target.

O024

To overcome this obstacle and to characterize individual
amacrine cell types, we use different transgenic mouse
mutants expressing the coding sequence of enhanced green
fluorescent protein (eGFP) under various promoters. Here,
we present data on a mouse line expressing eGFP under the
promoter for choline acetyltransferase (ChAT; von
Engelhardt et al., 2007, J Neurosci 27, 5633-5642). Using
immunohistochemistry, targeted intracellular dye injection
and patch-clamp recordings, we show that eGFP is
expressed in several types of amacrine cells in ChAT::eGFP
mice; surprisingly, cholinergic starburst amacrine cells are
not among them. However, one of the eGFP-expressing cell
types represents a displaced polyaxonal amacrine cell,
stratifying in layer S4/5 of the inner plexiform layer (IPL).
This cell receives sparse inputs from rod bipolar cells. Also,
we found three different amacrine cell types stratifying in
layer S2/3 of the IPL, at the watershed between OFF and
ON sublamina. One type is a glycinergic cell, whereas the
other two are GABAergic wide-field amacrine cells, differing
in their gap junctional coupling pattern. Some of these cells
show a weak expression of ChAT suggesting that they may
use acetylcholine as a secondary neurotransmitter.
Displaced GABAergic wide-field amacrine cells, stratifying in
S2/3, show ON-OFF responses as revealed by targeted
patch-clamp recordings.

FUNCTIONAL MICROCOMPARTMENTS IN MOUSE
RETINAL HORIZONTAL CELLS - A MODELING
APPROACH
G. Knop, A. Feigenspan
Animal Physiology, University of Erlangen-Nuremberg,
Erlangen, Germany
Horizontal cells are the first inhibitory interneurons in retinal
signal processing exerting negative feedback onto
photorecepters. Through their inhibitory action, horizontal
cells are thought to contribute to retinal adaptation and to the
formation of bipolar cell receptive fields . Still, the exact
mechanism of inhibitory and/or excitatory feedback and is
still under debate. Since horizontal cells do not fire action
potentials, graded transmission and electrotonic signal
spread are the key determinants for propagation and range
of potential changes.
Being postsynaptic to photoreceptors, horizontal cells
receive excitatory glutamatergic input. By combining
electrophysiology, calcium-imaging and RT-PCR-techniques,
we recently gained insight into the differential expression of
AMPA and kainate receptors in subcompartments of
horizontal cells in the mouse retina. Furthermore, previous
studies have shown the presence of voltage-gated ion
channels, e.g. the ether-á-gogo-related gene isoform 1
(erg1) potassium channel in cell bodies but not in axon
terminals (Feigenspan et al. 2009, Pflug Arch 458:359-377).

These data show that eGFP-expressing mouse lines
represent a valuable tool to analyze amacrine cell function
on different experimental levels and allow the
characterization of cells with even a low abundance.

In the present study, we seek to establish a functional model
of the horizontal cell network in a mammalian retina. Using
confocal microscopy and a transgenic mouse line expressing
EGFP under the promoter of the GAD67 gene, we
reconstructed representative horizontal cell morphologies as
the basis of a compartmental model. Known ion channel and
receptor populations were incorporated into the model with
their respective biophysical parameters.

Supported by the Deutsche Forschung-sgemeinschaft
(WE849/16-1/2 to KD and RW).
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FUNCTIONAL ASPECTS OF LIGHT ADAPTATION IN THE
RETINA

By varying the parameter space of our model, we tested the
significance of single simulation components for the
physiological response of horizontal cells. Hereby we
focused on the differential expression in cell bodies and
axon terminals of voltage and ligand-gated ion channels,
possibly reflecting diverse signal processing in the cone and
rod pathway, respectively.
Supported by the
(FOR701/9 to AF)
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Adaptation of the visual system to different ambient light
intensities is an essential property of vision. There are three
discrete light intensity ranges in which the retina operates in
different "modes": scotopic range (night vision, lightsensitivity mediated by rods), mesopic range (mediated by
rods and cones), and photopic range (day vision, mediated
by cones). We investigated if there are distinct and discrete
adaptational states of the retina within the scotopic, mesopic,
and photopic intensity ranges. For this, mice were dark
adapted prior the experiment for at least 4 hrs. Multielectrode-array recordings were made from ganglion cells of
flat-mounted retinas in response to light stimuli (2-sec fullfield flashes, presented every 10 seconds). Every ~30
minutes, we increased the luminance by 1 log unit, while
keeping the contrast of the full-field flash the same. In total,
the experiment was performed over 10 log units, ranging
from scotopic to high photopic levels. As expected, we
observed adaptational changes of the responses when
stepping into the mesopic and into the photopic ranges.
Surprisingly, we also found that two distinct intensity levels
within the photopic range, separated by 2 intensity log units
(corresponding
to
about
10^4
and
10^6
isomerizations/rod·sec) also triggered specific adaptational
changes that took about 15 minutes to stabilize. They were
mainly characterized by a reduction of the response gain of
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CHARACTERIZATION OF WIDE-FIELD AMACRINE
CELLS IN THE MOUSE RETINA
1,2

1

1,2

K. Dedek , G.C. Knop , M. Pottek , A. Feigenspan , R.
1
Weiler
1

2

Centre for Integrative Neuroscience (CIN), Bernstein
Center for Computational Neuroscience, Universitaet
Tuebingen, Tuebingen, Germany

COI/Financial disclosure: Nothing to disclose

1

1,2

2

Neurobiology, University of Oldenburg, Oldenburg, Animal
Physiology, University of Erlangen-Nuremberg, Erlangen,
Germany
Mammalian retinas comprise a variety of interneurons,
among which amacrine cells represent the largest group,
with more than 30 different cell types. However, most
subtypes have not been studied functionally up to now,
because especially amacrine cells with large dendritic fields,
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autophagosomes to RPE health. Degradative processes
+/+
-/and Mreg mice in response to
were followed in Mreg
light stimulated disk shedding by following endo-lysosomal
and autophagy markers in purified RPE cells. mRNA was
determined by qPCR and protein by western blots of cleared
RPE lysates. Mice were sacrificed at various times relative to
light onset: -60 min, 0 min, 30 min, 1h, 2h and 6h.
Lysosomogenesis in RPE cells appeared to follow a biphasic
pattern with a peak in phagolysosome related proteins at
(15-30 min) and autophagy related proteins at later time
-/points. This pattern was not observed in the Mreg mouse
in which there was an accumulation of LC3BII positive
autophagosomes. In parallel studies, the non-conventional
secretion of proteases (Cat-D and MMPs) as well as proinflammatory cytokines was determine in ARPE19 cells and
+/+
-/and Mreg
mice.
primary RPE cell cultures from Mreg
Loss of MREG in these two models leads to an increase in
pro-Cathpesin D secretion, enhanced MMP-2 and MMP-9
secretion as well as upregulation and secretion of proinflammatory cytokines even in the absence of phagocytic
challenge. These studies have led us to propose that MREG
likely plays a protective role in maintaining RPE health by
regulating degradative processes in the RPE.

up to 60%. Interestingly, those specific changes were only
present in the OFF responses, whereas the ON responses
adapted moderately like at all other light level transitions
within the photopic range. It is unlikely that these
adaptational changes can be explained by photoreceptor
saturation, as this should have symmetric effects on retinal
circuits. Furthermore, the responses increase again and are
stable at the next higher light levels. Instead, our
observations indicate a deployment of some asymmetrical
mechanisms (different in the ON and OFF retinal pathways)
to adjust the dynamic range of cells within the photopic
range.
COI/Financial disclosure: Nothing to disclose
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INTEGRATION OF VISUAL STIMULI BY RETINAL
GANGLION CELLS
T. Gollisch
Dept of Ophthalmology, University of Göttingen, Göttingen,
Germany
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How a retinal ganglion cell responds to light stimuli is often
described via its receptive field. The cell is thought to
integrate visual signals over its receptive field and represent
the result by varying its firing rate accordingly. While this
integration is often assumed to be linear, many ganglion
cells show distinct nonlinear components in their receptive
field structure. These nonlinear components have led to
models that compose the receptive field out of smaller
subunits, which are then nonlinearly combined. Several
recent studies have highlighted the importance of this
nonlinear subunit structure for various computations
performed by the retina. Here, we will discuss some new
ideas for investigating subunits and nonlinearities within the
receptive fields of ganglion cells. Recent results obtained
with extracellular recordings of ganglion cell spikes in
isolated salamander retina revealed two principle types of
stimulus integration. We will discuss the challenges in
assessing these types of integration, their mechanisms, and
their functional relevance for visual processing.

O029
OXIDATIVE STRESS, AUTOPHAGIC DYSREGULATION
AND AMD
M.E. Boulton, C. Song, H.V. Rao, S. Mitter, W.A. Dunn
Anatomy and Cell Biology, University of Florida, Gainesville,
FL, USA
Background and aims: Autophagy is a cellular
housekeeping process in which damaged organelles or
insoluble protein aggregates are routed to the lysosome for
degradation. This study aimed to determine if oxidative
stress dysregulates autophagy flux in the RPE and if this is
associated with the pathogenesis of age-related macular
degeneration (AMD).
Methods: Cultured human RPE cells were exposed to either
sublethal 100, 200 or 400µM H2O2 for up to 14 days or toxic
1.5mM H2O2 for 3 hr in the presence or absence of a) 3Methyl adenine (3MA) which inhibits autophagy and b)
Rapamycin which promotes autophagy. The expression of
the autophagy markers Atg7, p62, LC3-I and LC3-II were
determined by Western blot and RT-PCR and the number of
autophagosomes assessed by fluorescence microscopy.
The regulation of autophagy on cell respiration and survival
was determined using the MTT and crystal violet assays
respectively. For in vivo studies the fractional volume of
autophagic vacuoles and expression of autophagy proteins
was determined in electron micrographs from a) patients
with AMD and age-matched controls and b) rodent models of
AMD.

COI/Financial disclosure: Work supported by DFG (SFB
889), Bernstein Center for Computational Neuroscience,
HFSP, the Max Planck Society, and the German Initiative of
Excellence.
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LOSS OF MREG MEDIATED AUTOPHAGOSOME
MATURATION CONTRIBUTES TO UNCONVENTIONAL
RELEASE OF CYTOKINES AND PROTEASES
K. Boesze-Battaglia, L. Frost, F. Stefano, J. Brancato
Biochemistry, University of Pennsylvania, Philadelphia, PA,
USA

Results: Exposure of cultured RPE to chronic oxidative
stress for 14 days impaired autophagic flux (decreased LC3II:LC3-I ratio) and caused a decrease in Atg7 and p62
expression. By contrast, exposure of cells to acute oxidative
stress induced an increase in autophagy flux over 6 hr
compared to untreated controls. This was associated with
increased expression of both Atg7 and p62. Acute oxidative
stress-induced autophagy could be inhibited by 3MA or
knockdown of p62. Stimulation of autophagy by Rapamycin
or overexpression of p62 enhanced autophagy and
protected RPE cells against cell death caused by acute
oxidative stress. The volumes of autophagic vacuoles in the
RPE of AMD donors and rodent models of AMD showed a
>25% decrease compared to age-matched controls.

Regulated degradation of ingested material by lysosome
dependent processes is central to the retinal pigment
epithelial (RPE) cells' role as a phagocyte. Lysosomal
dysfunction has been correlated with RPE pathophysiology
in Stargardt's disease, Best's dystrophy and age-related
retinal degenerations. Degradative processes within the RPE
include phago- and auto-lysosome mediated degradation;
these pathways share the formation of common lysosomal
intermediates which are regulated by the cargo sorting
protein melanoregulin (MREG). The goals of this study are
two-fold; to determine the temporal and spatial profile of
degradaitrve processes in RPE cells from wild type
-/mice as well as to analyze the
(C57Bl6J) and Mreg
consequences of the accumulation of non-degradative
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Interestingly, autophagic flux and the expression of
autophagy proteins appear to be under circadian regulation.

COI/Financial disclosure: This research was supported in
part by the Research to Prevent Blindness, Minnesota
Medical Foundation, and the Minneosta Lions Clubs.

Conclusions: Our findings show that oxidative stress can
dysregulate autophagy and that the nature of this change
differs between acute and chronic oxidative stress. Chronic
oxidative stress reduces autophagic efficiency and thus
leads to an accumulation of damaged intracellular organelles
resulting in lipofuscin accumulation and cell death.
Autophagy flux also appear to be reduced in AMD
suggesting that targeting autophagy may offer a therapeutic
option for treatment of AMD.

O031
AXONAL DAMAGE, AUTOPHAGY AND NEURONAL
SURVIVAL
P. Boya
CIB CSIC, Madrid, Spain
Autophagy is an essential recycling pathway implicated in
neurodegeneration either as a pro-survival or a pro-death
mechanism. How autophagy exerts these dual effects is
currently unknown. Recent evidence from our laboratory
demonstrates that autophagy can protect the cell soma after
axonal traumatic injury. Using a well-known model of RGC
degeneration, optic nerve axotomy, we show that autophagy
is strongly upregulated following the insult and before cell
death. Genetic downregulation of autophagy using knockout
mice for Atg4B (a regulator of autophagy) or with specific
deletion of Atg5 in retinal ganglion cells, using the
Atg5(flox/flox) mice reduces cell survival after optic nerve
axotomy, whereas pharmacological induction of autophagy
in vivo increases the number of surviving cells. Our data
support the idea that autophagy has a cytoprotective role in
RGCs after traumatic injury and may provide a new
therapeutic strategy to ameliorate retinal diseases.

Funded by NIH grants EY019688 and EY021626
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O030
CROSSTALK BETWEEN THE AUTOPHAGY AND
PROTEASOME PATHWAYS VIA NFKB: NOVEL
REGULATION BY THE IMMUNOPROTEASOME
D.A. Ferrington
Ophthalmology, University of Minnesota, Minneapolis, MN,
USA
Background and aims: The Autophagy-Lysosome and UbProteasome Pathways function synergistically in maintaining
cellular homeostasis under conditions that promote stress
and injury. Crosstalk between autophagy and the
proteasome occurs through the transcription factor NFkB,
which rapidly responds to a broad range of stressors.
Autophagy and proteasome regulate NFkB function through
the selective degradation of NFkB family members.
Conversely, expression of protein components from both
degradative path-ways are regulated by NFkB. Recent
reports suggest that a specialized proteasome subtype,
known as the immunoproteasome, regulates the stress
response of NFkB. Importantly, conditions that stimulate
autophagy, such as serum deprivation or exposure to
cytokines, also upregulate immunoproteasome expression.
The purpose of this research is to gain insight into
immunoproteasome's regulation of NFkB signaling by
examining how the absence of immunoproteasome alters
the cellular response to stressors that activate NFkB
signaling.
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LIPOFUSCIN-LIKE AUTOFLUORESCENCE IN RPE
CELLS FROM DISRUPTED AUTOPHAGY OR
PHAGOCYTOSED OUTER SEGMENTS IS REDUCED BY
LYSOSOMAL ACIDIFICATION
C.H. Mitchell, S. Guha, A.M. Laties
University of Pennsylvania, Philadelphia, PA, USA
The RPE is responsible for heterophagic degradation of
phagocytosed photoreceptor outer segments and autophagic
degradation material from within the RPE. As the lysosomal
enzymes responsible for degradation of both pools are pH
sensitive, we hypothesize that the lysosomal pH regulates
the rates of both autophagic and heterophagic degradation
in RPE cells. This study examined the effects of alkalinizing
and acidifying lysosomes on enzyme activity and clearance
of both pools. Increasing lysosomal pH with lysosomotropic
agent chloroquine increased levels of LC3BII, suggesting
disrupted autophagy. However, restoration of lysosomal
acidity lowered LC3BII levels. Cathepsin D activity was
decreased by chloroquine but activity was restored by
lysosomal acidification. Treating cells with chloroquine for 7
days increased autofluorescence, suggesting impaired
autophagy could increase lipofuscin-like autofluorescence.
Daily addition of photoreceptor outer segments also led to an
increase in autofluorescence which was additive with that
triggered by chloroquine. However, treatment to reacidify
lysosomes reduced this autofluorescence substantially. In
summary, lysosomal alkalinization can disrupt both
autophagic and heterophagic pathways in RPE cells.
Reacidification of these lysosomes may enhance both
processes and reduce lipofuscin-like autofluorescence in
RPE cells. As lysosomal pH is elevated by A2E and is
-/increased in ABCA4 mice, acidification of RPE lysosomes
may be beneficial in these cases.

Methods: The response of cultured retinal pigment epithelial
(RPE) cells from WT and immunoproteasome knock-out
-/-/(lmp7 /mecl-1 ) mice was compared following incubation
with TNFa. The ELISA-based Trans-Am activation assay
was used to follow the nuclear localization of five NFkB
transcription factors. Western immunoblotting, quantitative
RT-PCR, and ELISA were used to monitor the content of
NFkB regulatory proteins and several NFkB responsive
genes.
Results: The TNFa-induced nuclear localization of activate
transcription factors (p65, p50, p52 and RelB) and
expression of the inhibitory protein IkBa were similar in both
WT and immunoproteasome-deficient cells. However, both
the temporal pattern and magnitude of expression for iNOS,
COX2, and
IL6, were significantly different in
immunoproteasome-deficient cells. Additionally, the content
of secreted IL6 was significantly elevated in media from KO
cells following either a single or double dose of TNFa, and
after complete removal of TNFa from the culture medium.
Conclusion: The altered expression of NFkB responsive
genes and the elevated and prolonged response to TNFa in
KO cells supports a key role for immunoproteasome in
regulating TNFa-induced signaling in the RPE.
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pathologic corneal lymphatic vessels. Allogeneic high-risk
corneal transplanatation was performed in mice by inducing
corneal lymph- and hemangiogensis before and by
performing corneal transplantation (57/Bl6 into BalbC)
afterwards. Mice were treated with anti-integrin small
molecules for 14 days either before corneal transplantation
(during vascularization phase) or afterwards and graft
survival was analyzed.

O033
INNOVATIVE TREATMENT OPTIONS FOLLOWING
KERATOPLASTY - OF CELLS AND LEAVES
1

1

1

2

J. Schwartzkopff , K. Wacker , C. Jarsch , C. Gründemann ,
1
1
L. Bredow , T. Reinhard
1

Results: Alpha 5 and alpha V integrin expression was
identified by immunohistochemistry and electron microscopy
on the endothelium of corneal lymphatic vessels. Systemic
inhibition of alpha 5 integrin function resulted in a statistically
significant reduction of lymphatic vessel outgrowth from the
limbus compared to the control group (p < 0.0001) while
hemangiogenesis was not significantly reduced. Graft
survival in high risk keratoplasty improved significantly by
using pre- or post-operative anti integrin treatment (p=0.031;
p=0.021).

2

University Eye Hospital Freiburg, Department of
Environmental Health Sciences, University Medical Centre
Freiburg, Freiburg im Breisgau, Germany
Immune reactions are the major cause for an irreparable
allograft failure following corneal transplantation. An effective
anti-inflammatory treatment is therefore mandatory
postoperatively in these patients to guarantee clear graft
survival. Corticosteroids are the mainstay-treatment
following keratoplasty to reduce subsequent inflammatory
corneal reaction. However, even if applied topically, they are
associated with local complications. If corticosteroids are not
sufficient, systemic treatment with cyclosporine A (CsA) was
shown to significantly improve graft survival -however- with
the risk of systemic side effects. It is an attempt of current
investigations to develop and define new treatment
strategies to reduce these side effects.

Conclusion: Integrins seem to play a functional important
role in mediating corneal inflammatory lymphangiogenesis.
Integrin alpha 5 is localized on lymphatic endothelium of
vascularized mouse corneas. By inhibition of integrin alpha 5
function corneal inflammatory lymphangiogenesis can be
inhibited. By either pre-operative or post-operative antilymphangiogenic treatment by blocking integrin alpha 5, graft
survival in murine high risk corneal transplantation can be
significantly improved compared to high risk controls. This
effect emphazises the important role of lymphatic vessels as
mediators of corneal graft rejection.

Three different promising approaches to treat an intracorneal
inflammatory
response
following
corneal
transplantation are described:
A) Regulatory T cells (Treg) were isolated from the host and
injected subconjunctivally directly post keratoplasty.
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B) Azythromycin (AZM) a makrolid antibiotic with antiinflammatory capacity was applied topically daily following
corneal transplantation.
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C) An extract from birch-leaves (Betula pendula extract BPE) that inhibits activated T cells in vitro was injected
systemically daily after keratoplasty.

IN VIVO CHARACTERIZATION OF OCULAR SURFACE
INFLAMMATION - TWO-PHOTON OPTICAL
FINGERPRINTING (TPOF)

All treatment options showed a significant intra-corneal antiinflammatory effect. No obvious side-effects were observed.
The anti-inflammatory effect was variable in strength and
therefore did not always promote corneal graft survival.
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Background and aims: Diseases of the ocular surface such
as infection, allergy or dry-eye all lead to inflammation that is
difficult to characterize and differentiate clinically. To avoid
tissue probing and to characterize inflammation at the ocular
surface on the cellular level in vivo, functional non-invasive
imaging techniques are required. This study was set up to
evaluate the use of non-invasive multidimensional twophoton microscopy for identifying unique optical features of
cellular key players in ocular surface inflammation and
furthermore to test the feasibility of this technique for optical
differentiation of activated from non-activated immune cells.

O034
THE ROLE OF INTEGRINS IN INFLAMMATORY
CORNEAL LYMPHANGIOGENESIS
T. Dietrich-Ntoukas

Methods: Murine cell suspensions were separated by
MACS and optical fingerprints were generated in vitro using
a modified two-photon microscope (DermaInspect, Jenalab).
In particular autofluorescence intensity and spectrum were
measured together with fluorescence lifetime measurements
(FLIM) using excitation wavelengths from 710-850 nm.
Peritoneal macrophages and T-cells were isolated, activated
and then functionally analyzed in vitro. In addition
anesthetized Balb/c-mice were investigated in vivo and
results were compared to in vitro measurements.

Ophthalmology, University of Regensburg, Regensburg,
Germany
Purpose: Neovascularization of the cornea is the main
cause of graft failure after corneal transplantation and the
main sight-threatening complication of limbal stem cell
deficiency.
Methods: Inflammatory corneal neovascularization was
induced by nylon sutures in BalbC mice in a standardized
fashion. Mice in the treatment group received integrin alpha
5 inhibiting molecules systemically via subcutaneous
osmotic pumps (14 days). In the control group, vehicle
solution was applied. Indirect immunohistochemistry and
immunogold labeling were used to identify integrins on

Results: Lymphocytes, macrophages, epithelial cells, goblet
cells, collagen fibrils, elastic fibres and erythrocytes were
specifically differentiated by morphology, fluorescence
lifetime, autofluorescence intensity and emission spectrum,

12

and ratio of free to protein bound NAD(P)H in vitro and in
vivo. In addition, adherent naïve macrophages differ
markedly from non-adherent naïve macrophages by these
unique optical features. PMA activated macrophages
demonstrated distinct optical differences in comparison to
non-activated macrophages in vitro.

The multifactorial nature of dry eye syndrome (DES) is
fostering the development of novel “customized” therapeutic
approaches based on the different pathogenetic
mechanisms of the disease.
The classical approach to treat patients with DES was to
lubricate the ocular surface. A great effort has been spent in
the last years by the pharmaceutical industry to produce
novel tear substitutes capable of targeting different DES
forms, from aqueous-deficient to evaporative, through the
development of eye drops with various viscosities, osmotic
agents, water-retaining agents, and lipid compounds
increasing tear film stability. Moreover, the advent of
cyclosporine eye drops has marked a step forward in the
long-term treatment of DES patients, allowing an effective
control of ocular surface inflammation without the risks linked
to a chronic use of corticosteroids, such as cataract
development and intraocular pressure rise.

Conclusions: Multidimensional two-photon microscopy
enables optical fingerprinting of cells and tissue structures
involved in inflammatory processes of the ocular surface
without the necessity of tissue probing and the use of
artificial dyes. This technique also allows distinguishing and
detecting
specifically
activated
and
non-activated
macrophages. Two-photon microscopy is a promising
technology that may be used in the future to characterize
and grade inflammation at the ocular surface not only in
experimental settings but also in patients.
COI/Financial disclosure: Nothing to disclose

However, restoring the altered tear film and halting the
inflammatory cascade is only the beginning in the quest to
defeating DES: recent evidence from basic science reports
underlines the need of a wider therapeutic approach in order
to grant long-term success.

O036
CORNEAL NERVES BEYOND SENSITIVITY: A
TRANSLATIONAL APPROACH
1

G. Ferrari , R. Paolo

Recent studies have clearly demonstrated that the ocular
surface epithelia are lined by a protective barrier formed by
transmembrane mucins and charbohydrate-binding proteins
called galectins. In DES this epithelial barrier could be
breached by desiccation, making cornea and conjunctiva
more susceptible to damage. Therefore, without restoring
the epithelial barrier integrity no treatment for dry eye
patients will be completely successful.

2
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Cornea Unit, G.B. Bietti Eye Foundation IRCCS, Rome,
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Italy, Cornea and Ocular Surface Unit, Eye Repair Lab, San
Raffaele Scientific Institute, Milan, Italy
The cornea is completely devoided of blood vessels, yet is
the tissue receiving the densest sensory innervation.
Corneal sensory nerves originate from the ophthalmic
branch of the trigeminal ganglion. The functions of corneal
nerves are complex and not fully elucidated; however, it is
becoming clear that they are not limited to sensory
perception.

It has also been recently shown that the long term damage
of DES, leading to goblet cell loss and keratinization of the
ocular surface, is triggered by an alteration of Notch
receptors and ligands. The binding of Notch receptors to
their ligands is known to activate a signaling pathway
regulating epithelial cell differentiation, and ocular surface
keratinization has been shown in mice lacking Notch.
Therefore, the loss of the wet-surface phenotype observed in
late stages of DES could be avoided by developing
treatments capable of regulating Notch.

In order to better dissect the role of nerves on corneal
pathophysiology, we have recently developed a murine
model of Trigeminal Stereotactic Electrolysis. In this model,
we selectively ablate the ophthalmic branch of the trigeminal
nerve and observe the development of neurotrophic keratitis.
We found that stem/progenitor cells, measured as side
population from denervated corneas, were decreased by
approximately 75% compared with normals.

The importance of basic research is shown by the increasing
understanding of the pathogenetic mechanisms behind DES,
that are rapidly leading to the identification of novel
therapeutic targets and will hopefully soon result in the
development of novel effective treatments.

Further, we used a murine model of chemotherapy induced
peripheral neuropathy, to confirm our findings. Surprisingly,
these animals did not develop keratopathy, despite the
severe reduction in corneal nerve density. Interestingly,
however, we found that corneal nerve density was correlated
with epidermal nerve density. Hence we suggest that corneal
nerve density could possibly represent a surrogate marker
for peripheral sensory nerves.
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O038
PAX6, SIX3 AND BMP SIGNALING DISCRIMINATE
BETWEEN LENS AND OCULAR SURFACE EPITHELIAL
CELL FATE IN THE LENS PLACODE

In summary, corneal nerves have multiple functions beyond
perception: in the cornea they influence epithelial stem cell
homeostasis. On the other hand, they could possibly
represent a marker for systemic processes affecting
peripheral nerves systemically. Studies are underway to test
this hypothesis in human subjects.
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Background and aims: Previous studies established that
Pax6, Six3 and BMP signaling are required for lens
formation. A few genes regulated by these factors have been
identified, but comprehensive analysis of the functions of
these pathways has not been attempted.

O037
NOVEL APPROACHES FOR THE TREATMENT OF DRY
EYE DISEASE
F. Mantelli

Methods: We used the LeCre transgene to generate
conditional knockouts (CKO) of Pax6, Six3 and the BMP
receptors Bmpr1a and Acvr1 in the lens placode. Wild type

Ophthalmology, Campus Bio-Medico University of Rome,
Rome, Italy
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and CKO placode cells were isolated by laser
microdissection and transcripts were reverse transcribed and
amplified using NuGEN linear amplification kits. Microarray
and RNA-seq were used to compare transcript abundance.
Significant changes in expression between wild type and
CKO placode cells were determined statistically and
confirmed by qPCR and in situ hybridization.

of lens cell lineage formation and differentiation at the
molecular level.
Results: Human embryonic stem (ES) cells were used to
differentiate into cell populations identified as pre-placodal,
neuronal, neural crest and epidermis progenitors.
Expression of markers for adenohypophysal (Hesx1, Isl1,
Pax6 and Pitx1), olfactory (Dlx5, Pax6 and Raldh3), lens
(Pax6, Six3 and Sox2) and otic (Pax2 and Pax8) placode
markers supports a model parallel formation of different
placodal precursor cells. Ongoing experiments are aimed to
determine the sequence of events and control mechanisms
of the formation of these cells. RNA expression profiling in
Pax6 mutated lens placodes (E10.5) has identified 1,868
differentially expressed transcripts. ChIP-chip and ChIP-seq
studies of Pax6 in E15 and newborn lens chromatin have
identified several thousands of genomic regions occupied by
Pax6. Ongoing experiments will integrate these novel Pax6regulated genes into the model of gene regulatory networks
(GRN) that control lens development.

Results: As expected, mRNAs encoding transcription
factors known to be required for early lens development, like
Prox1, Maf, Foxe3, Pitx3, Mab21l1 and Sox2 were
decreased in expression in the CKO placodes. We were
surprised that several transcripts encoding crystallins that
are only translated in lens fiber cells, like Cryge and Crybb3
were present in the lens placode, where their expression
was dependent on Pax6. Unexpectedly, several transcripts
increased in expression in BMP receptor and Six3 CKO
placodes. Expression of Bmp2 and Bmp4 increased after
deletion of BMP receptors, suggesting that BMP signalling
suppresses the expression of BMP ligands. Otx1 , which is
expressed in the corneal and conjunctival epithelia,
decreased in Pax6 CKOs, but increased significantly when
Six3 was deleted. Barx2, a transcription factor that marks the
prospective conjunctival epithelium, increased significantly in
Pax6 and BMP receptor CKO placodes. Cxcl12, a cytokine
expressed selectively in the adult corneal limbus, decreased
in Pax6 CKO placodes, but increased after deletion of BMP
receptors. Transcripts encoding Claudin-3 (Cldn3), a tight
junction protein that is particularly abundant in adult corneal
epithelium and lacrimal gland, were unaffected by deletion of
Pax6 or Six3, but increased significantly when BMP
receptors were deleted.

Conclusions: These studies provide novel insights onto the
molecular mechanisms of lens lineage formation and
function of transcription factor Pax6 in this process.
COI/Financial disclosure: Nothing to disclose
O040
DIFFERENT ROLES OF BMP AND FGF ACTIVITY
DURING EARLY DEVELOPMENT OF THE LENS
L. Gunhaga

Conclusions: Pax6 is required for the expression of most
genes involved in early lens and corneal development. Six3
promotes the expression of many transcripts needed for lens
formation, but selectively suppresses a few transcripts
specific to to ocular surface epithelia. BMP signaling
suppresses several genes important in the ocular surface
epithelia, switching cell fate toward lens differentiation. The
lens placode is the site of cell fate discrimination between
lens and ocular surface epithelia.

Umeå University, Umeå, Sweden
The vertebrate lens is a component of the peripheral
nervous system, which arises from the neural plate border.
At gastrula stages, prospective lens cells are intermingled
with olfactory placodal cells at the rostral neural plate border.
At this stage in chick, lens cells are specified. However, lens
development is morphologically first visualized at later
stages, by the thickening of the ectoderm into the lens
placode, in the vicinity of the prospective optic vesicle After
formation of the lens vesicle, cells at the centre of the
posterior side of the lens will elongate and differentiate into
primary lens fibre cells, whereas cells of the lens epithelium
at the anterior side of the lens retain their ability to proliferate
and will generate fibre cells throughout life. By using gainand loss-of-function chick explant and intact embryo assays
of ectodermal cell differentiation, we have analysed the roles
of bone morphogenetic protein (BMP) and fibroblast growth
factor (FGF) signals during specification and early
development of the lens. Our results show that at early
stages, sustained exposure to BMP signals to placodal
progenitors promote the generation of lens cells at the
expense of olfactory placodal cells. At this stage, FGF
activity prevents prospective lens placodal cells from
acquiring epidermal fate. Lens cells require on-going BMP
signals until L-Maf expression is up-regulated, after which
lens fibre cells differentiate independent on BMP activity.
Our results also suggest that proliferation, cell cycle exit and
early differentiation of primary lens fibre cells are regulated
by counterbalancing BMP and FGF signals. Taken together,
our results present different roles of BMP and FGF activity
during specification and early development of the lens.
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LENS LINEAGE FORMATION: NOVEL INSIGHTS FROM
STUDIES OF HUMAN EMBRYONIC STEM CELL
DIFFERENTIATION AND TRANSCRIPTION FACTOR
PAX6
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Background: The current model of lens lineage formation is
based on establishment of the pre-placodal region (PPR), a
common pool of progenitor cells that give rise to the anterior
pituitary, olfactory, lens and otic placodes as well as other
neurosensory placodes. In subsequent steps, the lineagecommitted cells migrate within the head surface ectoderm to
form morphologically distinct cranial placodes as shown in
chick and zebrafish. It remains to establish whether similar
mechanisms function during mammalian lens formation.
Pax6 encodes a specific DNA-binding transcription factor
that regulates development of multiple organs including the
eye, brain and pancreas. Studies of genes up- and downstream of Pax6 continue to provide insights into the process
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genomics technologies and algorithms presents a unique
opportunity
to
develop
innovative
systems-based
approaches to make rapid progress in facilitating disease
gene discovery and in deriving the gene regulatory network
(GRN) underlying lens tissue development and maintenance
(Lachke and Maas, 2010 Wiley Interdiscip. Rev. Systems
Biol. Med. 2:305-323). To directly predict genes associated
with human eye disease, we developed the first version of a
novel systems-based strategy termed iSyTE (integrated
Tool
for
Eye
gene
discovery,
Systems
http://bioinformatics.udel.edu/Research/iSyTE Lachke, 2012
Invest. Ophthalmol. Visual. Sci., in press). Within the past
two years, iSyTE has facilitated the identification of several
novel genes (TDRD7, PVRL3, Sep15) associated with lens
development and cataract (Lachke, 2011 Science,
331:1571-1576, Kasaikina, 2011 J. Biol. Chem., 286:3320333212, Lachke, 2012 Human Gen., 131:235-250). We are
presently studying several new iSyTE-identified candidate
genes that potentially function in early lens development and
in fiber cell differentiation and maintenance. By integrating
biological (e.g. immunoprecipitation followed by expression
profiling) and algorithmic (e.g. PhylCrm and Lever)
approaches to identify the interacting components as well as
targets of key nodal genes, we are assembling a network of
transcriptional and post-transcriptional regulators in the lens.
Furthermore, in an initial attempt to “convert” knowledge
gathered from molecular biology into systems biology, we
are assembling a literature-based gene regulatory network
for the lens that integrates published data and presents it in
a user-friendly interactive platform to offer a global view of
the relationship between established molecular interactions
that function in lens induction and differentiation. It is
anticipated that these resources will contribute to the
development of newer versions of iSyTE with improved
efficiency of identifying novel lens disease genes.
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LENS FORMATION IN THE ABSENCE OF RETINA
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The lens is a key component of the vertebrate eye, yet the
developmental requirements for its formation are only
partially understood.
Typically, lens formation becomes visible when the
evaginating optic vesicle contacts the head surface
ectoderm. The contacted ectoderm begins to thicken and
forms a lens placode. The distal part of the optic vesicle
invaginates and forms a cup around the developing lens.
Whether the formation of the lens depends on the formation
of the retina is one of the oldest questions in the field of eye
development. Hans Spemann concluded in 1901 that in the
frog Rana fusca, lens formation depends on the optic cup, as
upon its removal, the lens does not form. In addition, several
investigators using other amphibian species presented
evidence indicating that the mechanical protection of the
optic cup against the neural crest cells is the critical step
lens formation.
Using genetic tools, we have addressed this question in
mice. We have previously shown that the homeoboxcontaining gene Rx is required for eye formation, as retinal
formation and retina-specific gene expression is not
observed in Rx-deficient mice. In addition, Rx-/- embryos do
not develop any lens structures, despite the fact that Rx is
not expressed in the lens. This demonstrates that during
normal mammalian development, retinal formation and/or
retina-specific gene expression is necessary for lens
formation. However, we were able to restore lens formation
in Rx-deficient embryos by the elimination of beta-catenin
expression in the head surface ectoderm. This proves that
lens formation in mammals does not require formation of the
retinal structures. Rather, the key element in lens induction
is signaling from the optic vesicle that activates a lensspecific gene network in the head surface ectoderm. Once
gene expression is activated in the head surface ectoderm,
there is no further requirement for retinal structures in the
formation of lentoid structures.
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RETINOIC ACID SIGNALING IS REQUIRED FOR
PROGRAMMED CELL DEATH (PCD) DURING EARLY
LENS DEVELOPMENT
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1

To determine whether the intrinsic mitochondrial death
pathway is required for the PCD during lens vesicle
separation, we used two apoptosis-defective mouse models,
the cytochrome c (Cyt-C) knock-in mice in which the normal
Cyt-C is replaced by an apoptosis defective mutant protein
(CytC-KA), and the Apaf1-null mice. Compared to the WT
eye, the number of apoptotic cells at the hinge area of the
invaginating lens vesicle was drastically reduced or
KA/KA
-/or Apaf1 eyes, respectively. By
eliminated in the CytC
E16.5, both mutant eyes developed anterior segment
abnormalities, including a persistent lens stalk, adhesion of
lens to the cornea, partial or complete absence of the
corneal endothelium and anterior chamber. These are the
clinical features of Peters' anomaly in human congenital eye
diseases.

SYSTEMS BIOLOGY OF LENS DEVELOPMENT
1

2

Programmed cell death (PCD) is essential for the lens
vesicle to separate from the surface ectoderm which later
differentiates into the corneal epithelium. In this study, we
investigated the intrinsic and extrinsic factors that regulate
the PCD during early lens development.
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The lens has a special standing in developmental biology
research having been the focus of pioneering studies in
1902 that led to the concept of reciprocal inductive signaling
between coordinately developing tissues. In the past
century, our understanding of lens development and disease
has come a long way and presently ~25 genes associated
with isolated congenital cataract are known, a majority of
which were identified only within the past ~20 years.
Identification of these candidates relied largely on indirect
approaches involving the characterization of mouse ocular
mutants, positional mapping in human cataract patients, and
eye developmental genetics in Drosophila. The advent of

To identify the extrinsic factor that is responsible for inducing
the PCD during the lens vesicle separation, we examined
the retinoic acid (RA) signaling in the eye of the RARElacZ
reporter mice. We found that RA signaling activity was high
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at E10.5 and sharply declined after E11.5 in the hinge area
of the invaginating lens vesicle, which is consistent with the
onset of PCD in the area. Furthermore, in the retinol
trex
dehydrogenase 10 (Rdh10 ) mutant mice, in which RA
production was severely compromised, apoptosis was
significantly reduced in the hinge area of the invaginating
lens vesicle and a persistent lens stalk occurred in the
mutant eyes.
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2
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Elevated intraocular pressure (IOP) in glaucoma is due to
impaired aqueous humor outflow through the trabecular
meshwork (TM) and is the most important risk factor for the
development and progression of glaucoma. Although all
current glaucoma therapies are directed to lowering IOP,
they do not address the underlying pathogenic damage to
the TM. Our research has focused on the discovery and
validation of pathogenic signaling pathways that compromise
TM function in glaucoma. We compared gene and protein
expression between normal and glaucomatous TM cells to
identify potential pathogenic pathways. The target genes and
proteins were then validated by demonstrating that their
altered expression caused the glaucoma phenotype of
elevated IOP in ex vivo perfusion cultured eyes and/or in
mouse eyes in vivo. Using this approach, we discovered 5
pathogenic pathways that alter TM function and cause
elevated IOP. TGFb2 signaling in the TM increases
extracellular matrix deposition, increased outflow resistance
and elevated IOP. Expression of the BMP antagonist gremlin
is elevated in GTM cells, which increases ECM production
and elevates IOP. We discovered that the TM has a
functional Wnt signaling pathway, and expression of the Wnt
inhibitor SFRP1 is elevated in GTM cells. Inhibition of
canonical Wnt b-catenin signaling elevates IOP in mouse
eyes. Elevated expression of SAA1/2 in the GTM is not
correlated with increased amyloid deposition but instead
elevates IOP via a unique signaling pathway. GTM cells are
more responsive to glucocorticoids (GCs) due to lower levels
of an alternatively spliced isoform of the glucocorticoid
receptor (GRb), which likely makes GTM cells more
susceptible to the GC-induced changes associated with
elevated IOP. Identification and validation of these new
pathogenic signaling pathways will lead to new disease
modifying therapeutic targets that address the molecular
causes of glaucomatous ocular hypertension.

Our study indicates that RA signaling directly or indirectly
activates the intrinsic mitochondrial death pathway to control
the PCD during lens vesicle separation.
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NOVEL MODULATORS OF CONVENTIONAL OUTFLOW
AND IOP REGULATION
G. Prasanna
Glaucoma Research, Alcon, NIBR, Fort Worth, TX, USA
While current pharmacological strategies for IOP reduction
either increase uveoscleral outflow and/or suppress
formation of aqueous humor (AH), there is presently no
targeted clinical approach for increasing AH outflow via
conventional pathway involving the trabecular meshwork
(TM)/Schlemm's canal (SC) system. Over the past few
years, several novel and interesting pharmacological targets
have emerged with the potential to regulate conventional
outflow via TM/SC system whereby IOP may be lowered.
These targets can be broadly classified into those that
modulate extracellular matrix (ECM) - cell interactions (e.g.
TGFb2, prostaglandin FP, Gremlin, Wnt/sFRP, etc.), affect
cell contractility and cell junctions (Rho-GTPase, S1P, LPA,
ATP, eNOS/sGC, etc.) and cell volume/shape (ATP,
adenosine, Cl channels). In addition to discussing
aforementioned targets, other novel target classes including
prostaglandin EP4 agonists, integrin antagonists, and
bradykinin agonists have shown their potential to lower IOP
via effects on TM and conventional outflow. Prostaglandin
EP4 agonists have been shown to lower IOP by 20-40% in
dogs and monkeys and they can increase conventional
outflow facility by 35-70% as demonstrated in human
anterior chamber perfusion model and in monkeys.
Identification of specific integrin subunits and cognate
antagonists represent an emerging target class which can
affect ECM-TM cell interactions e.g. TM cell spreading.
Lastly, several peptides including bradykinin (BK), a
nonapeptide endogenous ligand of BK receptors B1 and B2,
was previously shown to increase in outflow facility by 50%
from baseline at 4-6 hours in bovine anterior chamber
perfusion model whereas having minimal effect on monkey
IOP when dosed topically. The latter findings could be
attributed to poor ocular/corneal permeability and/or
enzymatic degradation of BK, necessitating perhaps a
concerted effort towards development of non-peptide
agonists. Identification and characterization of these
additional new TM-specific targets for outflow regulation will
likely yield a novel mechanism(s) to reduce IOP, with
potential for an outflow enhancing drug.
COI/Financial disclosure: Paid Employed
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MECHANISMS AND REGULATION OF ATP RELEASE BY
HUMAN TM CELLS: THE INITIATING EVENT IN
PURINERGIC REGULATION OF OUTFLOW
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Adenosine triggers cascades in the aqueous humor inflow
and outflow pathways, exerting opposing effects on
intraocular pressure (IOP). Stimulation of A3 adenosine
receptors
(ARs)
activates
chloride
channels
of
nonpigmented ciliary epithelial (NPE) cells, favoring
increased inflow and IOP. Adenosine stimulates A1ARs of
trabecular meshwork (TM) cells to release matrix
metalloproteinase-2 (MMP-2), enhancing outflow facility and
reducing IOP. Delivery of adenosine is assumed to result
from local release and ectoenzymatic metabolism of ATP.
Swelling-activation of bovine ciliary epithelial inflow cells
releases ATP through pannexin-1 (Px1) and connexin (Cx)
hemichannels and vesicular release. Our cellular outflow
models are human transformed TM5 cells and explantderived human TM (HTM) cells. Pharmacologic studies
supplemented with overexpression and knockdown
approaches in HEK293T and TM5 cells permit us to estimate
the relative importance of ATP release pathways. Like inflow
cells, human TM cells release ATP through Px1 and Cx
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PATHOGENIC SIGNALING PATHWAYS IN THE
GLAUCOMATOUS TRABECULAR MESHWORK
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channel openers show promise as a potential therapeutic
modality for the treatment of ocular hypertensive diseases
like glaucoma.

hemichannels, but utilize P2X7 ATP ionoreceptors instead of
vesicular release as a third pathway. We find that
extracellular ATP stimulates secretion of both MMP-9 and
MMP-2. That secretion depends on generating adenosine
from ATP. Reverse-transcription PCR demonstrates 6
ectoATPases in HTM and TM5 cells. Modulators of TM-cell
ATP release include swelling- and stretch-activation, which
stimulate release through common pathways. Redox state
and cytoskeletal remodeling also modify ATP release. Actin
polymerization enhances, and depolymerization reduces,
swelling-activated ATP release. Increasing intracellular
calcium does not stimulate ATP release in TM cells.
Inhibiting sodium,potassium-activated ATPase with ouabain
reduces swelling-activated ATP release by HTM and TM5
cells. This inhibition can be dissociated from ouabain´s iontransport effects. Our results support the view that ATP
release leads to local adenosine delivery to TM cells. We
suggest that ATP release is physiologically modulated by
stretching of TM cells resulting from cardiac cycle-induced
oscillations in IOP; this release is further modulated by
cytoskeletal remodeling. Modulation of scaffolding/signaling
functions of sodium,potassium-activated ATPase may
modify ATP release. Inhibition of vesicular ATP release
might differentially inhibit adenosine release to NPE cells,
thereby lowering IOP.
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MECHANOTRANSDUCTION IN TRABECULAR
MESHWORK AND THE PROGRESSION OF GLAUCOMA
P. Russell, J. Wood, C.J. Murphy
University of California, Davis, Davis, CA, USA
Background and aims: Two Yorkie homologues, YAP1 and
TAZ, have been identified as the mechanotransducers of
extracellular cues to the cell nucleus. These proteins relay
changes from the extracellular matrix to induce changes in
gene and protein expression. Both proteins are co-activator
of transcription factors. YAP has been shown to increase the
levels of TGF-ß, CTGF, transglutaminase 2, serpine 1 and
thrombospondin, proteins shown to increase in glaucoma or
when human trabecular meshwork (HTM) cells are treated
with dexamethasone. Since the glaucomatous meshwork is
stiffer, we wished to determine how changes in matrix
stiffness would influence YAP and TAZ and the expression
of genes in HTM cells. Both YAP and TAZ can be
phosphorylated in the cytoplasm. After phophorylation at
specific sites, the protein 14-3-3σ can bind to them and mark
them for degradation. We also wished to determine how
substrate stiffness would influence 14-3-3σ.

COI/Financial disclosure: Nothing to disclose
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INSIGHTS INTO INTRAOCULAR PRESSURE
MODULATION VIA ATP-SENSITIVE POTASSIUM
CHANNELS
1

1

Methods: HTM cells from normal donors were cultured on
hydrogels with stiffnesses of 5 kPa (mimicking normal HTM)
and 75 kPa (mimicking glaucomatous HTM). TAZ was
localized using immunofluorescence and the changes in
expression of YAP and TAZ on the different substrates were
determined. Amounts of mRNA for CTFG and 14-3-3σ, a
protein that binds to YAP and TAZ and causes them to
degrade, were measured.
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Adenosine triphosphate-sensitive potassium (KATP) channels
are metabolically regulated potassium channels that connect
the cell's energetic state to membrane potential and
excitability. In non-ocular cells, the opening and closing of
KATP channels control cellular contractility, adhesion,
permeability, and provide metabolic protection against
ischemia and hypoxia. Many of these events have been
implicated in primary open-angle glaucoma pathophysiology.
However, the role of KATP channels in anterior eye tissues
has not been studied. We hypothesized that KATP channels
may have a role in intraocular pressure modulation and
homeostasis. To determine the effect of KATP channels on
outflow facility, human anterior segments were perfused with
KATP channel openers diazoxide, nicorandil and P-1075. KATP
channel openers significantly increased outflow facility in
human anterior segments (0.14 ± 0.02 to 0.26 ± 0.09
µL/min/mm Hg; P < 0.001) compared to fellow control eyes
(0.22 ± 0.11 to 0.21 ± 0.11 µL/min/mm Hg; P > 0.5). These
effects were reversible, with outflow facility returning to
baseline after drug removal. Simultaneous treatment of
anterior segments with glyburide (KATP channel closer) or
MEK1/2 inhibitor U0126 (inhibits the ERK1/2 signaling
pathway) with diazoxide prevented the outflow facility
increase. Patch-clamp electrophysiology confirmed the
presence and specificity of functional KATP channels in
primary human trabecular meshwork cells. In vivo, topical
application of diazoxide to the eyes of C57BL6 mice resulted
in a 21 ± 5% (P< 0.05) decrease in intraocular pressure.
Cessation of diazoxide treatment or the addition of U0126
resulted in intraocular pressure returning to baseline levels.
(-/-)
In contrast, Kir6.2 mice showed no change in intraocular
pressure following diazoxide treatment. Taken together, our
studies indicate that KATP channel openers lower intraocular
pressure and increase outflow facility through Kir6.2
containing KATP channels via ERK1/2 activation. KATP

Results: YAP and TAZ were present in the HTM cells. TAZ
was largely cytoplasmic in cells grown on the 5 kPa
hydrogels, but had a more nuclear localization on the stiffer
hydrogels. TAZ mRNA expression was upregulated on stiffer
hydrogels, while the levels of YAP were similar on both
hydrogels. The level of CTGF was higher on the stiffer
hydrogels. The amount of 14-3-3σ was 50% lower on the
stiffer hydrogels.
Conclusions: The mechanotransducers YAP and TAZ may
play key roles in HTM cells particularly when the
extracellular matrix becomes stiffer as it does in glaucoma.
These proteins have the ability to cause upregulation of
several of the proteins found to be increased in glaucoma
and may influence the progression of disease.
Funded by: National Institutes of Health R01EY019475,
R01EY019970 and P30EY12576
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Retinal dopamine modulates multiple aspects of lightadapted vision, including contrast sensitivity and the
circadian rhythm of photopic ERG b-wave amplitude (ARVO
Abs. 1611, 3455; 2011). Dopamine D4 receptors (D4R) are
involved in these responses, but the retinal cell types and
signaling mechanisms for these actions of dopamine are
unknown. This study investigated the possible role of retinal
NPAS2-expressing neurons in the modulation of ERG and
contrast sensitivity by dopamine. NPAS2 is a transcription
factor encoded by a circadian clock gene. Using mice that
express β-galactosidase (β-gal) driven by the Npas2
promoter, we identified a subpopulation of cells in the
ganglion cell layer (GCL) that express β-gal; negligible β-gal
expression was observed elsewhere in the retina. In wild
type (WT) mice, Npas2 mRNA was rhythmically expressed
in the GCL with peak expression in the subjective morning.
In addition, the clock-controlled gene Adcy1, which encodes
the type 1 adenylyl cyclase, was rhythmically expressed in
the GCL and photoreceptor layer (PRL). The rhythm of
Adcy1 mRNA was abolished in the GCL but not the PRL of Npas2-/- mice. In mice lacking D4R (Drd4-/- mice), the
rhythms of both Npas2 and Adcy1 transcripts were
abolished, suggesting that dopamine controls rhythmic
Adcy1 expression in the GCL by regulating a GCL cellular
clock and/or controlling the expression of Npas2. A circadian
rhythm of contrast sensitivity was observed in WT mice, with
higher contrast sensitivity in the daytime. However, Npas2-/mice exhibited significant day-time contrast sensitivity
deficits, while retaining a dampened circadian rhythm of
contrast sensitivity. A similar reduction in daytime contrast
sensitivity was observed in Adcy1-/- mice and Drd4-/- mice.
These findings suggest that dopamine and D4R modulate
daytime contrast sensitivity via NPAS2-expressing ganglion
cells and a cAMP signaling pathway. Although the circadian
rhythm of photopic ERG also requires signaling through
D4R, no changes in ERG amplitudes were observed in
Npas2-/- mice indicating that dopamine modulates ERG
responses and contrast sensitivity by different mechanisms.

CELLULAR DEFORMATION AS A LOCAL SIGNAL
CONTROLLING PORE FORMATION IN SCHLEMM'S
CANAL ENDOTHELIUM
1
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Consider the extreme demands placed on Schlemm's canal
(SC) endothelium: it must preserve the blood-aqueous
barrier while simultaneously allowing filtration of the entire
quantity of conventional outflow. To put this in perspective,
the estimated filtration velocity across SC endothelium rivals
that across the renal glomerulus, typically considered the
largest in the body. In the face of such demanding filtration,
how does SC endothelium maintain an effective bloodaqueous barrier?
A partial answer to this question can be understood in terms
of pores, micron-sized openings that provide a putative
pathway for aqueous humor flow across SC endothelium. By
confining flow to pass through discrete sites across an
otherwise continuous SC endothelium containing tight
junctions, the blood-aqueous barrier should be reasonably
well maintained. However, this requires pore formation to be
tightly regulated so to limit the porosity of SC endothelium
while accommodating local demands in aqueous humor
filtration.
We hypothesize that mechanical deformation initiates pore
formation. This deformation originates from the unique
basal-to-apical directed pressure drop across SC
endothelium, which pushes SC cells apart from their
supporting basement membrane, drives giant vacuole
formation, and imposes large deformation on SC cells and
cell junctions. It is this force-induced cellular deformation that
we hypothesize to act as the key signal for triggering pore
formation. We have tested this hypothesis using cultured
human SC cells exposed to well-defined mechanical
conditions in two model systems: basal-to-apical directed
perfusion at 0, 2 or 6 mmHg (that mimics the
transendothelial pressure drop occurring in vivo) and
isotropic stretch at 0%, 22% and 44% areal increase (without
a pressure drop to explore the effects of deformation alone).
In both systems, we observed micron-sized pores in
mechanically conditioned SC cells, with pore density
increasing with increasing pressure drop or stretch. SC cells
from glaucomatous donors exhibited lower pore densities
compared to SC cells from non-glaucomatous donors,
consistent with reports of reduced SC pore density in
glaucomatous eyes (Johnson et al., IOVS 2002). These data
support the
hypothesis that pore formation is
mechanosensitive and suggest that impaired pore formation,
possibly arising from elevated SC cell stiffness that opposes
deformation, may contribute to outflow obstruction
associated with glaucoma.

Supported by NIH grants R01 EY004864, P30 EY006360,
T32 EY007092, F31 EY021089, and Research to Prevent
Blindness.
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CIRCADIAN CLOCKS AND PHOTORECEPTOR
TURNOVER IN MAMMALS
D. Hicks, O. Ait-Hmyed, C. Bobu, V. Gydé-Laurent, C.
Sandu, M.P. Felder-Schmittbuhl
UPR CNRS 3212, INCI, Strasbourg, France
Rod and cone photoreceptors are intensely metabolically
active cells, undergoing constant membrane turnover to
replace damaged cell constituents. Both cell types also
exhibit numerous rhythmic physiological processes,
including melatonin synthesis, ion channel sensitivity and
cell-cell coupling. These two aspects are in some respects
linked, namely with respect to protein synthesis and debris
removal. We have been exploring the relationship between
anabolic processes (synthesis of phototransduction
proteins), catabolic processes (shedding of old disc
membranes, or phagocytosis), and the influences of extrinsic
cues (light cycles) and endogenous mechanisms (circadian
clocks). The animal models used for much of these studies
were the cone-rich diurnal rodent Arvicanthis ansorgei,
which allows simultaneous monitoring of rod and cone
activity in a single retina; and a range of transgenic and
knockout mouse strains. The data show that rod and cone
cyclic shedding occur coincidentally in both standard

We acknowledge Kristin Perkumas for expert provision of
SC cells. Funding was provided by NIH grant (EY019696).
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DOPAMINE, NPAS2, AND CIRCADIAN REGULATION OF
LIGHT-ADAPTED VISION
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is also involved in the regulation of disc shedding, a process
that is vital for photoreceptor health. This process has been
shown to be under circadian control, although the
mechanisms that control it are poorly understood. We have
recently demonstrated that Per2 mRNA levels in the RPEchoroid show a clear circadian rhythm in vivo. A circadian
rhythm
in
PERIOD
2::LUCIFERASE
(PER2::LUC)
bioluminescence was recorded from cultured RPE-choroid
explants obtained from PER2::LUC mice. Light exposure
during the subjective night did not cause a circadian rhythm
phase-shift of PER2::LUC bioluminescence. Removal of the
suprachiasmatic nuclei of the hypothalamus did not affect
the bioluminescence circadian rhythm in the RPE-choroid.
Additional studies in our laboratory have indicated that
Dopamine acting via D2-like receptors located within the
RPE can phase shift the circadian rhythm in the PER2::LUC
bioluminescence rhythm in this tissue. Surprisingly,
administration of exogenous melatonin did not affect the
circadian rhythms in PER2::LUC bioluminescence. Our
results demonstrate that the RPE-choroid contains a
circadian clock, and the regulation of this circadian rhythm
resides within the eye. The synchronization of the RPE
circadian clock with the external light:dark cycle appears to
be mediated by the retina via the release of Dopamine. Our
data indicate that this new preparation may be useful for
elucidating the cellular and molecular mechanisms
responsible for the regulation of the rhythmic event in the
RPE. Acknowledgements: The present study was
supported by NIH grant EY020821 to G.T.

light/dark (LD) and constant dark (DD) conditions, with a
large burst 1-2 hours after (subjective) light onset. Also,
shedding in the all-cone Neural Retina Leucine zipper (NRL)
mouse follows a daily profile similar to rods. Under LD and
DD
lighting
conditions,
acrophases
of
many
phototransduction genes: rhodopsin, red/green and blue
cone opsins and cone arrestin are synchronised to at or near
the night/day transition. In contrast, AA-NAT is maximal
towards the day/night transition. A single 24 period of
constant light (LL) is highly disruptive for all these processes,
with rod and cone shedding becoming uniform across the 24
hour period and gene expression profiles showing large
phase shifts. Mice deleted for the clock genes Period1,
Period2 and rev-erbα all show dramatic changes in rhythmic
shedding. These data hence show that both light and
endogenous clock mechanisms play important roles in
regulating rod and cone turnover.
COI/Financial disclosure: Nothing to disclose
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MECHANISMS OF DIURNAL PHOTORECEPTOR OUTER
SEGMENT SHEDDING
S.C. Finnemann, L. Ruggiero, M.P. Connor
Biological Sciences, Fordham University, Bronx, NY, USA
In the mammalian retina, life-long renewal of light-sensitive
photoreceptor outer segments (POS) involves circadian
shedding of distal rod POS tips and their subsequent
phagocytosis by the adjacent retinal pigment epithelium
(RPE) every morning after light onset. Molecular
mechanisms that promote or synchronize POS tip shedding
have thus far remained unknown. We examined changes in
plasma membrane asymmetry of live POS associated with
the diurnal rhythm of photoreceptor outer segment renewal
by quantifying surface exposure of the membrane
phospholipid phosphatidylserine (PS). We found that
isolated phagocytic POS particles possess externalized PS
whose blockade reduces their uptake by RPE in culture. Live
imaging of photoreceptors in mouse retina detected PS
externalization that is restricted to POS tips with discrete
boundaries. In wild-type mice, frequency of rod tips exposing
PS and length of tips with exposed PS peak shortly after
light onset. In contrast, PS-marked POS tips do not vary in
mice lacking the diurnal phagocytic rhythm of the RPE due
to loss of either the phagocytosis receptor αvβ5 integrin,
expressed by the RPE but not by photoreceptors, or its
extracellular ligand MFG-E8. These data are the first to
identify a molecular distinction, localized PS exposure, that
is specific to the surface of rod POS tips. Enhanced PS
exposure preceding rod shedding and phagocytosis
suggests that surface PS promotes these processes.
Moreover, our results demonstrate that the diurnal rhythm of
PS-demarcation of POS tips is not intrinsic to rod
photoreceptors but requires activities of the RPE as well.
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CREB-AP1 PROTEIN COMPLEXES REGULATE CYCLIC
AMP (CAMP)-DEPENDENT TRANSCRIPTION OF THE
ARYLALKYLAMINE N-ACETYLTRANSFERASE (AANAT)
GENE IN CHICKEN PHOTORECEPTORS
R. Haque, F. Ali, T. Sengupta, E. Chun, J.C. Howell, P.M.
Iuvone
Ophthalmology, Emory University, Atlanta, GA, USA
Arylalkylamine N-acetyltransferase (AANAT) is the key
regulatory enzyme in the biosynthesis of melatonin. In
chicken retinal photoreceptor cells, Aanat transcription and
AANAT activity are regulated in part by cAMP/PKA signaling
cascades. The purpose of this study was to identify
regulatory elements within the Aanat promoter responsible
for cAMP-dependent induction. Photoreceptor-enriched
retinal cell cultures were transfected with pGL3 luciferase
reporter constructs containing up to 4kb of 5′-flanking region
and the first exon of the Aanat gene. Forskolin treatment
stimulated luciferase activity driven by the ~4kb promoter
construct and by all 5′-deletion constructs except the
smallest, Aanat (-217 to +120)luc. Maximal basal and
forskolin-stimulated expression levels were generated by the
Aanat (-484 to +120)luc construct. This construct contains a
CRE-like sequence (CLS: TCACGCCA), an eight times
tandem repeat of TTATT (TTATT8), and a circadian E-box
(CACGTG). Electrophoretic mobility shift assays (EMSA)
demonstrated nuclear protein complexes that bind to the
CLS sequence and TTATT8 motif. Interestingly, proteins
binding to the radiolabeled CLS were displaced by the
unlabeled TTATT8 oligonucleotide suggesting a possible
interaction of CLS with the TTATT8. Mutation of CLS and
TTATT8 also reduced basal promoter activity and eliminated
forskolin stimulation. ChIP and siRNA knockdown
experiments suggested that c-Fos, JunD, and CREB were
probable components of the protein complexes bound to
CLS and TTATT8 regions.We propose that the CLS element
in the proximal promoter acting in concert with the TTATT8
motif mediates the cAMP-induced transcriptional response of
Aanat proximal promoter.
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CIRCADIAN REGULATION OF THE PERIOD
2::LUCIFERASE BIOLUMINESCENCE RHYTHM IN THE
MOUSE RETINAL PIGMENTED EPITHELIUM
G. Tosini, K. Baba
Pharmacology, Morehouse School of Medicine, Atlanta, GA,
USA
The retinal pigment epithelium (RPE) plays an important role
in the maintenance of the health and function of
photoreceptors. Previous studies have shown that the RPE
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REGULATION OF INNATE IMMUNITY BY THE ECM;
LUMICAN HAS A PROTECTIVE ROLE IN P
.AERUGINOSA KERATITIS

O055
IDENTIFICATION OF GENES UNDER DAILY AND
CIRCADIAN REGULATION IN PHOTORECEPTOR CELLS
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Background and aim: The extracellular matrix (ECM) is
emerging as a key regulator of growth factor, cytokine and
pathogen interactions with the cell surface. Lumican, an
ECM protein member of the leucine-repeat rich superfamily
is a collagen binding protein and proteoglycan component of
the cornea. We recently detected lumican on the surface of
leukocytes, binding to CD14 and CD18 and regulating TLR4mediated response to lipopolysaccharide (LPS) endotoxins
and chemotactic migration of neutrophils, and mice deficient
in lumican (Lum -/-) were hypo responsive to LPS in a septic
shock model (Wu 2007, JBC 282:26409; Lee 2009, JBC
284:23662) . We now investigate the course of P.
aeruginosa corneal infections Lum-/- mice.
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Photoreceptor cells face the challenge of adapting their
function to the more than 100-fold daily changes in ambient
light intensity. In order to investigate the transcriptional basis
of adaptation, genes under daily regulation in rat
photoreceptor cells were identified and analyzed regarding
their daily regulation in the present study. The genes
identified to cycle include those involved in visual processing
(e.g. Grk1, G protein-coupled receptor kinase 1) and
pathogenesis of photoreceptors (e.g. Kcnv2, a gene that
encodes a potassium channel subunit). Daily dynamics of
the genes were found to be attributable to two different
patterns: (1) genes (e.g. Grk1) whose daily cyclicity requires
light/dark transitions peaking at different Zeitgeber times
throughout the 24-h cycle, and (2) genes (e.g. Kcnv2) whose
expression is driven by the retinal clock peaking uniformly
during darkness. The results of the present study suggest
that daily regulation of gene expression contributes to daily
adjustment of visual processing and might also be important
for the pathogenesis of photoreceptor cells.

Methods: Lum -/- mice were tested in a P. aeruginosa
(ATCC19660) keratitis model. Disease was evaluated by
clinical scores, viable bacterial yield from the ocular surface
for 6 days post infection (p.i.) and inflammatory cytokines
from corneal extracts.
Results: - P. aeruginosa keratitis was severe in the Lum -/compared to wild type mice. The Lum -/- corneas showed
higher clinical scores, bacterial yield from the corneal
surface was significantly higher for 1-6 days p.i. Lum-/corneas showed elevated IFN gamma and TNF alpha 24h
and 48h p.i., respectively. Histology of corneal sections show
increased inflammatory cell infiltration in the Lum -/- corneas
24 h p.i.
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Conclusions:
Lumican
regulates
CD14
mediated
phagocytosis of gram-negative bacteria. Poor clearance of
P. aeruginosa in the Lum -/- corneas is associated with
increased accumulation of inflammatory cell infiltrates and
elevated pro-inflammatory cytokines.
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Macrophages occur in many tissues the eye, including
ocular tumors. In human uveal melanoma, the presence of
macrophages is associated with a bad prognosis (Makitie
2001, Maat 2008), but also with the presence of a high
vessel density. An association was present between the
number of macrophages and vessel density, which
suggested a potential etiological relation, as macrophages
may produce pro-angiogenic VEGF. Recently, Bronkhorst
(2011) showed that the majority of macrophages in uveal
melanoma are of the pro-angiogenic M2 type.
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EARLY HOST RESPONSE TO HSV-1 INTRAOCULAR
INFECTION
S. Atherton
Cellluar Biology and Anatomy, Medical College of Georgia,
Augusta, GA, USA
When the anterior segment of the eye is infected with herpes
simplex virus type 1 (HSV-1), virus rarely spreads directly
from the front of the eye to the retina despite the absence of
an anatomical barrier between the two. This lack of direct
anterior-to-posterior spread of virus is observed in mice after
uniocular anterior chamber inoculation of HSV-1 and also in
human patients with anterior uveitis caused by HSV-1. Cells
of the innate immune system (i.e., natural killer cells,
polymorphonuclear leukocytes, macrophages, microglia) and
modulators produced by these cells are the early responders
to virus infections of the eye. Using results from studies in
which HSV-1 was injected into the anterior chamber of one

We used an anterior segment murine tumor model in which
we analysed the effect of macrophages on tumor
development. When macrophages were depleted, tumor
growth was blocked, but only in old mice. A comparison of
normal as well as tumor-bearing eyes showed that eyes of
old mice contain more macrophages, independent of the
presence of a tumor (L.V. Ly 2010). This phenomenon was
recently described as para-inflammation (Hu and Forrester),
and may be part of aging. Some factors such as smoking
may affect this inflammation. The consequences for the
aging eye will be discussed.

20

eye of a mouse, the purpose of this presentation will be to
describe the responders that play a role in controlling virus
infection and spread within the first few days following
intraocular virus infection and to discuss how the cells of the
innate immune response contribute to protection of the retina
by preventing direct spread of HSV-1 from the infected
anterior segment to the retina.
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PROTECTIVE EFFECTS OF COMPLEMENT IN THE
RETINA
P. Zipfel
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The human complement system serves a major homeotic
role
and
regulates
tissue
homeostasis,
controls
inflammation, eliminates infectious microbes and also
modulates adaptive immunity. Defective regulation of this
self amplifying cascade causes tissue damage and disease.
Age related macular degeneration (AMD) is a common form
of blindness in western societies and genetic analyses
provided a strong link between AMD and complement
components. In particular a tyrosine (Y) to histidine (H)
exchange at position 402 in domain 7 of the two regulators
Factor H and FHL1 increases the risk for AMD substantially.

O059
SEX-SPECIFIC REGULATION OF INTRINSIC OCULAR
LIPID CIRCUITS OF INFLAMMATORY RESOLUTION
K. Gronert
Vision Science Program/School of Optometry, University of
California, Berkeley, CA, USA
There is a great interest and unresolved paradox regarding
the complex role of estrogen in immune and inflammatory
responses. Sex-specific differences and estrogen's role in
ocular inflammatory diseases are not well understood, even
though Dry Eye Syndromes primarily affects almost 20
million American women. Receptors for estrogens, ER alpha
and ER beta, are expressed in leukocytes and in every
ocular tissue. Acute healthy inflammation depends on the
early recruitment of neutrophils, their tightly controlled
activation and subsequent removal by recruited
macrophages and is intimately linked to wound healing.
Dysregulation of this essential response likely represent the
early event that triggers ocular inflammatory and chronic
diseases. The cornea highly expresses 15-LOX and ALX,
which have been implicated as key components of a
resolution program that is expressed in corneal epithelial
cells and leukocytes. Corneal inflammation selectively
regulates expression of this circuit and induces formation of
protective lipids, the eicosanoid LXA4 and the
docosahexaenoic acid (DHA, omega-3 PUFA) derived
RvD1, which both act at the ALX receptor. Genetic disruption
of the RvD1/LXA4 circuit leads to dysregulated inflammation,
wound healing and pathological angiogenesis in the cornea.
More importantly, ALX triggers dynamic leukocyte behavior
that resolves granuloma of stalled stromal leukocytes in the
living animal. A serendipitous finding in our experiments was
that female mice consistently exhibit delayed epithelial
wound closure and distinct inflammatory responses. A
mouse finding that we confirmed in prospective human
clinical trial in 120 patients with corneal ulcers, which
demonstrates that epithelial wounds healed twice as slow in
female patients. This female phenotype of delayed wound
healing can be recapitulated by treating male mice with
topical estrogen and in in vitro experiments with corneal
epithelial cells. More importantly, ER alpha and ER beta
specific agonists differentially regulated inflammation,
epithelial wound healing and the expression and activity of
the intrinsic 15-LOX/ALX circuit. Estrogen-induced delayed
epithelial wound healing is reversed by treatment with LXA4.
These findings correlate with lipidomic analysis from a
mouse dry eye model, which demonstrates selective
impairment in corneal 15-LOX activity in females. Taken
together our ongoing studies demonstrate for the first time
that estrogen's selective regulation of the intrinsic 15LOX/ALX circuit may provide novel insights into the etiology
or pathogenesis of sex-specific ocular inflammatory
diseases.

Complement serves an important homeostatic function in the
silent, non inflammatory removal of damage self cells,
including apoptotic and necrotic cells as well as cellular
debris. We therefore analyzed how complement Factor H
and FHL1 contribute to these reactions and how the relevant
Tyr - His exchange at position 402 affects these homeotic
functions. Novel Factor H- and FHL1 ligands, which are
formed on the surface of damaged cells including retinal
pigment epithelial cells, were identified in form of monomeric
CRP (mCRP) and the lipid peroxidation product
malondialdehyde (MDA). Both mCRP and MDA attract
Factor H and FHL1 to the surface of damaged cells via the
AMD-relevant domain 7 and the protective Y402 variants of
both regulators bind with almost 50 % higher intensity. In
contrast the two risk variants with H402 bound with lower
intensity. This enhanced binding results in more efficient
complement control, in reduced production of the proinflammatory cytokines TNF-α and IL-8 and generates a
local anti-inflammatory scenario. In consequence the
differences between the protective- and the risk variants of
Factor H and FHL1 at damaged surfaces influence
oposonization, removal of damaged material and also the
intensity of the inflammatory response. This pathological
principle is relevant for AMD and likely also for other chronic
inflammatory diseases and offers novel approaches for
therapy.
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DIFFERENTIAL TLR EXPRESSION IN SUBPOPULATION
OF HUMAN MONOCYTE DURING PATHOGENESIS OF
EALES' DISEASE
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Aims: Eales' disease (ED) is an idiopathic inflammatory
vasoproliferative
disorder
in
which
immunogenic
inflammation of the peripheral retina leads to nonperfusion
and neovascularization. Toll-like receptors (TLRs) are
implicated in several chronic inflammatory and immune
mediated disorders. So TLRs may play initiative role in the
development of systemic inflammatory response in ED. The
present study explored the distribution, differential TLR
expression in monocyte subpopulations and functional
contribution of single nucleotide polymorphisms (SNPs) of
TLR gene in the development of ED.
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Methods: Monocyte populations were sorted by magneticactivated cell-sorting methodology and TLRs expressions
were determined by flow cytometry analysis. ELISA and realtime quantitative RT-PCR were used to measure the protein
and mRNA expression levels of cytokines, respectively.
SNPs were determined by amplification refractory mutation
system polymerase chain analysis, restriction fragment
length polymorphism analysis.

RETINAL BIOMARKERS IN GLAUCOMA
S. Funke, S. Beck, N. Boehm, N. Pfeiffer, F.H. Grus
Experimental Opthalmology, University Medical
Center/Johannes Gutenberg University, Mainz, Germany
There is growing interest in the field of clinical proteomics
regarding screening attempts for retinal biomarkers in
glaucomatous retinopathy. Therefore mass spectrometry
builds a promising platform to investigate on the retina
proteome. Intensive achievements encircling MALDI and ESI
approaches combined with LC as well as SPE techniques
linked to efficient Orbitrap and TOF/TOF mass analyzators
have been made in our laboratory to get a deep insight view
of the retina proteome. Moreover micro-array aproaches
supplement the challenging investigation on retinal proteins.
Body fluid samples like aqueous humor and tissue species
like trabecular meshwork were analyzed to establish
proteomic glaucoma biomarker candidates. Regarding
retinal ganglion cells and retina tissue around 1000 different
proteins linked to various cell functions could be so far
detected from these sample species in our laboratory.
Special proteins like TGF-β, 14-3-3 or TNF-α as examples of
candidate biomarkers have been revealed to be involved in
glaucomatous neurodegeneration. Furthermore retinal
proteins like superoxide-dismutase and alpha crystalline
seem to play a highlighted role in the onset of glaucoma
disease. The cross-relation between candidate protein
species may strongly contribute to the understanding of
glaucoma disease mechanism. The purpose of this paper
will be a summary of the current state of retinal protein
biomarkers associated with glaucoma disease addressing
the question to which degree these biomarker candidates
can be useful for diagnosis and display the potential to
contribute to a deeper understanding of the pathogenic
mechanism in glaucoma disease.

Results: In ED patients, the numbers of circulating
monocytes were significantly expanded, with a marked
increase in CD16+ subset. TLR-2 was expressed at higher
level on CD16+ than CD16- monocytes. Peptidoglycaninduced responses in monocytes of ED patients were less
than monocytes of control patients irrespective of cell
surface TLR-2 level. There is no possible association of the
reported functional polymorphism of TLR-2 gene has been
found for reduced response of TLR-2 ligand in ED patients.
Conclusion: The study indicates that in the pathogenesis of
ED, TLR activation and increased number of non-classic
CD16+ monocytes are crucial regulators, along with the
secretion of pro-inflammatory cytokines that perpetuate the
inflammatory process in the retina. Furthermore, the
observed reduced response to TLR-2 stimulation in patients
with ED is not due to known functional mutation in the TLR-2
gene, but instead, it is supportive of a state of tolerance
resulting from the activation of TLR-2 signaling pathway by
recent exposure to TLR-2 specific ligands.
Support: ICMR, Govt. of India.
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STATUS OF GENETIC BIOMARKERS IN GLAUCOMA:
SENSITIVITY AND SPECIFICITY
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I Ophthalmology, Aristotle University of Thessaloniki,
Thessaloniki, Greece

MITOCHONDRIAL DAMAGE IN GLAUCOMA

Biomarkers are biological parameters which can be
measured objectively as indicators of normal or pathogenic
biological processes. In a broad sense, biomarkers in
glaucoma may include phenotypic parameters, such as
structural and functional measures of the disease, or
molecular parameters, such as genetic sequences, proteins,
metabolites and pharmacologic responses to treatment.
Biomarkers may either participate in the development of a
disease or be specifically altered secondarily to a pathologic
condition. Therefore, identifying and validating biomarkers
for glaucoma may provide new insights regarding its etiology
and pathogenic mechanisms. In addition, biomarkers can
serve as important tools in order to identify individuals at risk
for the disease, to differentiate disease from health, to
distinguish among different subtypes of the disease, and to
predict its course and response to treatment. This represents
the ultimate goal of an individualized approach in glaucoma
management. This presentation will discuss current
knowledge on biomarkers for glaucoma, as well as future
approaches for their identification and validation in clinical
practice.
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Background and aims: Interest in primary or secondary
mitochondrial impairment is growing in glaucoma research.
Altered mitochondrial distribution and morphology have been
reported in retinal ganglion cells and optic nerve head of
rodent glaucoma models. Mitochondrial DNA (mtDNA)
deletion has been used as a molecular marker of oxidative
stress in trabecular meshwork (TM) cells from human
patients, and lamina cribrosa and TM cells of human
glaucoma donors show elevated oxidative stress and
mitochondrial dysfunction. Studies using peripheral tissues
of primary open angle glaucoma (POAG) patients have
suggested systemic mitochondrial dysfunction in this
disease. We hypothesize that primary mitochondrial defects
contribute to glaucomatous neurodegeneration, and here
sought to examine mitochondrial oxidative phosphorylation
(OXPHOS) in a POAG cohort.
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Methods: We examined key measures of OXPHOS
including ADP-stimulated adenosine triphosphate (ATP)
synthesis and APD-stimulated (maximal) cellular respiration
22

rates in EBV-transformed lymphocytes from POAG patients
(n=15) and a group of age- and gender- matched controls
(n=15).

analyzed by Western Blotting and mass spectrometry based
techniques combined with multivariate statistics and artificial
neural networks. In several studies we could demonstrate
consistent up- and down-regulations of immune reactivities
against ocular antigens in glaucoma patients. These findings
could lead to a better understanding of the
pathomechanisms involved in glaucoma, but could also lead
to new innovative ways of early detection and
immunodulatory treatment options of the disease.

Results: POAG lymphoblasts had significantly lower rates of
complex-I-driven ATP synthesis (p< 0.01), with preserved
complex-II-driven ATP synthesis. Complex-1 driven maximal
respiration was also significantly decreased in patient cells
(p< 0.05). Studies in Lebers Hereditary Optic Neuropathy
(LHON) and other mitochondrial diseases have established
that lymphocyte OXPHOS measurement is a reliable
indicator of systemic dysfunction of this pathway.
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Conclusions: We suggest that primary mitochondrial
impairment due to defective OXPHOS complex I may be
additive to multiple cellular stressors as seen in the early
stages of POAG, and may lead to a bioenergetic crisis in
retinal ganglion cells and an increased susceptibility to cell
death. If confirmed in larger POAG cohorts, partial complex I
deficiency would be a common pathogenic link to LHON,
which has a similar clinical picture but differs in the young
age and rapid speed of onset.

HUMAN AQUEOUS HUMOR PHOSPHATASE ACTIVITY
IN GLAUCOMA
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Purpose: To investigate the presence and activity of Protein
Phosphatase-2A (PPase2A) , Protein Phosphatase-2C
(PPase2C) and protein tyrosine phosphatases (PTPs) in
human aqueous humor (AH) from primary open angle
glaucoma (POAG) and cataract patients, and to study the
correlation between these phosphatases and the redox state
of the AH.

DIFFERENTIAL REGULATION OF LOW INFLAMMATORY
MEDIATORS IN STRESSED MÜLLER CELLS AND
NEUROPROTECTIVE EFFECTS
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Methods: 86 cataract patients and 29 POAG patients who
were scheduled for cataract surgery with or without
glaucoma surgery were enrolled in the study. PPase2A,
PPase2C and PTPs levels in AH were measured by
enzyme-linked immunosorbent assays, western blot
analyses, and spectral methods. Redox state was measured
by spectral and fluorescent methods.

The pathogenesis of glaucoma is intriguing and during the
past decade it has been acknowledged that factors such
disturbed autoregulation, oxidative stress and excitotoxicity
may be causal factors in retinal ganglion cell (RGC) death .
Recent studies have elucidated a possible role of low grade
inflammation in the pathogenesis of RGC death. Hence,
genes such as HIF-α, cytokines, TNF-α and COX-2/PGE2
have been shown to be involved in RGC death. In the retina
Müller cells are interposed between the blood vessels and
the RGC. Recently, more studies have suggested that low
grade inflammation may affect the ability of Müller cells to
remove excess glutamate in the synaptic cleft, which in turn
may cause glutamate excitotoxicity. Here, the present
literature on low grade inflammation and glaucoma will be
summarized and our most recent results on regulations of
inflammatory genes in stressed Müller cells will be
addressed.

Results: Phosphatase activity positive results was
significantly higher in AH samples from the POAG group
(PP2A χ2(1)=11.754, p< 0.01; PP2C χ2(1)=8.754, p< 0.01;
PTP χ2(1)=11.073, p< 0.01). Western blot analysis revealed
higher PP2C levels in AH from glaucoma patients compared
with PP2C levels in AH from cataract patients (p=0.012).
Both oxidized/reduced glutathione ratio and superoxide
dismutase levels in the AH were significantly higher in the
glaucoma group compared with the cataract group. Finally
significant correlations were found between PP2A and
PP2C; PP2A and PTP; and between total antioxidant activity
and PTP levels.
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Conclusions: There is a statistically significant difference in
phosphatase levels between the AH of POAG and that of
cataract patients. The phosphatase content of the AH
represent tissue pathology, while considering that their AH
presence may be attributed to cell debris and/or to active
signal to other molecule events.
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AUTOIMMUNE BIOMARKERS IN GLAUCOMA
F.H. Grus
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Ophthalmology, University Medical Center of the Johannes
Gutenberg University Mainz, Mainz, Germany
In glaucoma, the elevated intraocular pressure cannot
explain the disease in all patients. However, the
pathogenesis of the disease is widely unknown. Biomarker
research could help to understand the disease process.
Beside some genetic and proteomic biomarkers,
immunoproteomics could play a significant role. Several
studies could provide hints for an involvement of
autoantibodies in the pathogenesis of the disease. The
complex profiles of natural occurring autoantibodies were
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peaks to blockade resistant medium spike correlations (< 70
ms peak width) and sensitive broad correlations (with peaks
> 50 ms). Narrow spike correlations were also retained in the
blockade of chemical synapses. A blockade of gap junctions
eliminated all CCFs. Cx36 KO mice retained some narrow
and medium GC spike correlations but all broad spike
correlations were eliminated. These results indicate that
narrow and medium correlations are mediated by electrical
synapses. In contrast, broad spike correlations depend on
both chemical and electrical synapses, thus underlying
signals are likely carried by the rod pathways. A strong
relationship between GC-GC tracer-coupling and narrow
CCFs of alpha GC pairs was found, whereas amacrine cell
(AC)-to-GC coupling was associated with medium spike
correlations. Our results thus indicate that all three observed
forms of GC spike correlations depended on electrical
synapses.

O068
PANNEXIN1 PROTEINS IN THE ZEBRAFISH RETINA:
REDUNDANCY OR ADDED FUNCTIONALITY?
G. Zoidl
Psychology, York University, Toronto, ON, Canada
Pannexins resemble a family of channel proteins with
similarities to gap junction proteins. Pannexin1 is implicated
in a wide spectrum of pathological conditions including
epilepsy, ischemia, inflammation and cancer, but
physiological roles are not well defined. Here, the search for
candidate proteins contributing to the feedback mechanism
between horizontal cells and cones in the zebrafish retina
has revealed that the zebrafish genome encodes for two
pannexin1 proteins. Both proteins (zfPanx1, zfPanx1-similar)
are located on different chromosomes and derive from the
partial genome duplication found in teleosts. Both proteins
are expressed in CNS regions including the retina, with
zfPanx1 located at the tip of horizontal cell dendrites in the
cone synaptic complex, suggesting a role of zfPanx1 aside
of Cx55.5 in the feedback pathway of the outer retina. In
contrast, zfPanx1 similar is found in the inner retina in RGCs
and Amacrine cells. ZfPanx1 and zfPanx1-similar encode for
glycoproteins, forming active membrane channels that can
2+
be modulated by intracellular Ca , pH and ATP. Structurefunction analyses revealed critical roles of transmembrane
cysteine residues in zfPanx1. Despite several functional
similarities, electrophysiological recordings revealed distinct
biophysical channel properties. The non-overlapping
distribution in the fish retina and distinct channel properties
strongly suggest that both proteins can serve independent
roles in the visual system of the zebrafish. It remains to be
shown whether this provides redundancy or more
functionality for the visual system of the zebrafish.
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HOW DOES THE EARLY RETINAL PROCESSING SHAPE
OUR VISION?
M. Kamermans
Retinal Signal Processing, Netherlands Institute for
Neuroscience, Almere, The Netherlands
In the outer retina, horizontal cells receive input from many
cones, are electrically coupled by gap-junctions and feed
back to cones. This organization forms the basis of the
center/surround organization of the bipolar cells. The
Connexins and pannexins play a prominent role in the
neuronal interactions tacking place at this fist synaptic layer
of the visual system. In this talk I will discuss the role of
connexins in the formation of gap-junctions as well as their
role as hemichannels. Furthermore, I will present evidence
for a prominent role of pannexin channels in the
communication between horizontal cells and cones. Finally I
will discuss the consequences of such synaptic interactions
for vision as a whole.
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ELECTRICAL SYNAPSES ARE ESSENTIAL TO
GENERATE CORRELATED GANGLION CELL SPIKES IN
THE MOUSE RETINA

O071

B. Völgyi
DIVERSITY OF CONNEXINS IN HORIZONTAL CELLS
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Ommen, V. Knostmann, R. Weiler

Our goal was to determine how electrical synapses
contribute to ganglion cell (GC) spike correlations in the
mouse retina. Extracellular recordings of wild-type (WT) and
connexin36 (Cx36) knockout (KO) GC pairs were performed.
Cross-correlation functions (CCFs) upon spontaneous
spikes were generated for each GC pair. Pharmacological
blockade of chemical or electrical synaptic transmission was
performed by a cocktail (50 µM MK-801, 10 µM CNQX, 50
µM PTX, 5 µM STR and 50 µM APB) or 18β-glycyrrhetinic
acid (25 µM). OFF alpha GC pairs were targeted under
infrared illumination, spike trains were recorded and GCs
were injected with Neurobiotin. Tracer coupling patterns and
spike correlations were then compared for alpha cells in the
WT and Cx36 KO retinas. WT GC CCFs were differentiated
into two categories:

Neurobiology, University of Oldenburg, Oldenburg, Germany
Horizontal cells are second order neurons which form lateral
synaptic networks in the distal vertebrate retina. They exhibit
species-specific differences in their morphologies and
different subtypes, which show gap junctional coupling to
homologous neighbors, have been characterized. These
autonomous networks and their distinct connectivity patterns
with photoreceptors provide the pathways for local and long
range circuits in the outer retina and are subject to
modulation by dopamine and retinoic acid.
As connexins are the molecular components of gap junction
channels and determine their characteristics, knowledge of
the molecular composition of horizontal cell gap junctions is
crucial for understanding the physiology of the distinct outer
retinal pathways. We used a multi-methodical approach to
identify and characterize gap junctions between horizontal
cells of the fish (zebrafish (zf) and carp (cp)) and mouse
retina. Four homologous connexins (zfCx52.6/cpCx52.6,
zfCx55.5/cpCx55.5, zfCx52.7/cpCx53.8, zfCx52.9/cpCx49.5)
and two new splice variants (zfCx53.4/cpCx53.3) were

(i) narrow functions with a pair of sharp peaks positioned at 1.2 and +1.2 ms;
(ii) unimodal functions with '0' -centered peaks (peak-widths
range between 4-200 ms).
A blockade of chemical synapses further divided unimodal
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cloned from fish retinal cDNAs and Cx57 and Cx50 from
mouse retinal cDNA. Connexin expression was confirmed by
single cell RT-PCR. Immunocytochemistry revealed distinct,
but also overlapping distribution patterns of the connexins in
the four distinct horizontal cell subtypes of the fish retina and
of Cx57 and Cx50 in mouse horizontal cells and their axon
terminals. Of the distinct fish connexins zfCx53.4/cpCx53.3
and cpCx53.8 appeared as components of dendro-dendritic
and axo-axonal gap junctions in all horizontal cell subtypes,
like Cx57 in mouse horizontal cells. These gap junctions are
restructered in response to light adaptation or application of
dopamine and retinoic acid, and restructuring is
accompanied by PKA- and PKC-mediated phosphorylation
of the connexin.
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THE CHANNELRHODOPSIN TOOLBOX FOR
OPTOGENETIC APPLICATIONS
P. Hegemann

Thus, gap junctions between subtypes of horizontal cells are
composed of different connexins and the modulation of
horizontal cell coupling involves the phosphorylation of at
least one of these connexins.

Biology, Humboldt Universität zu Berlin, Berlin, Germany
Channelrhodopsins (ChRs) are light-gated ion channels that
are widely applied in the neurosciences to activate cells with
light and to study cellular interactions and neuronal networks
in brain slices or living animals (Optogenetics). A promising
application is the expression of ChRs in secondary retinal
cells in order to study cellular networks of the retina and
potentially to recover vision in blind animals (Retinal
prosthesis). During recent years we have studied ChRs of
various algae and engineered ChRs respective ion
selectivity, absorption spectra and kinetics. I will discuss the
properties of these new variants and discuss options for
potential treatment of blindness in human patients.
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DOES DISRUPTION OF PHOTORECEPTOR COUPLING
AFFECT CONE DEGENERATION IN RETINAL
DEGENERATION MOUSE MODELS?
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CHEMICAL APPROACHES TO RESTORING VISION
D. Trauner

Retinitis Pigmentosa (RP) is a form of retinal degeneration,
in which rod photoreceptors die first, followed by the cones.
The genetic defects causing RP are based on different
mutations in rod-specific genes. One possibility how the
spread from rod photoreceptors to cones might occur is the
bystander hypothesis, in which gap junctions between the
two photoreceptor subtypes mediate propagation of
degeneration by permitting molecules (e.g., death signals) to
diffuse from dying rods to genetically normal cones. In this
study we investigated whether disruption of rod-cone
coupling can prevent secondary cell death of cone
photoreceptors and reduce the spread of degeneration. We
tested the bystander hypothesis in two different mouse
models of retinal degeneration (rd; rhodopsin knock-out and
rd1) and investigated whether there are differences in the
initial onset of cone degeneration or in the progression of
photoreceptor cell death during the major phase of cone
degeneration. Photoreceptor coupling was disrupted by
cross-breeding both rd mouse strains with Connexin36
knock-out mice so that photoreceptor coupling is
consequently disrupted in addition to the existing rd
phenotype. We compared the progress of cone degeneration
between Connexin36-deficient rd mutants and their
Connexin36-expressing littermates. We used confocal
microscopy with antibodies specific for different retinal celltypes to compare the retinal structures and morphological
changes of these mice at different ages. The progress of
cone degeneration was assessed by measuring the density
of cone photoreceptors and by analyzing the rate of cone
cell death in retinal whole-mounts and vertical sections. Our
results did not reveal any distinct differences in cone survival
between Connexin36-expressing and Connexin36-deficient
rd mice. We conclude that gap junctional coupling between
photoreceptors is not involved in the major pathway of cone
degeneration in rd mouse models, as predicted by the
bystander hypothesis.

University of Munich, Munich, Germany
Blindness affects millions of people worldwide and has
devastating consequences for those affected. Various
strategies have been chosen to restore vision, most of which
are based on electrical stimulation with implanted electrodes.
More recently, natural photoreceptor proteins and stem cells
have been explored. We propose an alternative approach
toward vision restoration that is based on synthetic
photoswitches. These are combined in various ways with
natural receptor proteins to create hybrid photoreceptors,
which can sensitize neurons toward light. If these neurons
are part of the retinal network, a form of vision could be
restored. Indeed, our artificial photoreceptors and
photochromic drugs work well in experimental animals and
have already been shown to influence their visual behavior.
To make these molecules work in humans, we need to
improve their photophysical properties and investigate their
delivery, stability and pharmacology. Our very general
approach to optical control can be applied to other nervous
functions and biological pathways, such as secretion and
analgesia, but its greatest medical potential lies in the
restoration of vision.
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ENHANCING AND FINE TUNING AAV MEDIATED OPTOGENE EXPRESSION IN THE MAMMALIAN RETINA
D. Dalkara
University of California, Berkeley, Berkeley, CA, USA
Re-engineering retinal interneurons as “prosthetic” cells,
25

4

through delivery of light gated ion channels is a promising
approach for vision restoration in blind retinas. However,
gene delivery technologies require significant improvements
in cellular targeting, efficiency, and safety before promising
animal studies can be translated to the clinic. In order to
restore normal visual activity in blind retinas, fine tuning
opto-gene expression to neuronal subpopulations at the
transduction and transcription level is necessary. I will
discuss the use of directed evolution technology to generate
AAV variants with enhanced properties, including altered
receptor binding. Furthermore basic mechanisms of AAV
transduction in the retina will be discussed in view of
translational challenges for gene delivery to the non-human
primate retina.

The insertion of microbial opsins into retinal neurons
(optogenetics) is a promising approach to restore vision in
retinal degenerative diseases, such as Retinitis pigmentosa.
This disease is the result of diverse mutations in many
different genes expressed in rod photoreceptors; these then
degenerate, causing loss of night vision. Subsequently, cone
photoreceptors, which are responsible for color and high
acuity daytime vision, lose their photoreceptive outer
segments, resulting in overall blindness. Despite this loss of
sensitivity, cone cell bodies remain present in both humans
and animals but it was not known whether these dormant
cells could be reactivated or if information from them could
still flow to downstream visual circuits. To restore lightevoked activity in light-insensitive cone photoreceptors, we
genetically targeted a light-activated chloride pump,
enhanced Natronomonas pharaonis halorhodopsin (eNpHR),
to photoreceptors by means of adeno-associated viruses.
Resensitized photoreceptors activate all retinal cone
pathways, drive sophisticated retinal circuit functions (e.g.
antagonistic center surround receptive fields and directional
selectivity), activate neuronal networks in visual cortex of the
brain, and mediate visually guided behaviors. Using human
ex vivo retinas, we show that halorhodopsin can reactivate
light-insensitive human photoreceptors. Finally, with optical
coherence tomography (OCT), we identified blind patients
with persisting, light-insensitive cones for potential
halorhodopsin-based therapy.
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Bionic retinal prosthesis is the key hope for a return to visual
function for those blinded by the Retinitis Pigmentosa
condition. Retinal implants to date have used electrical
stimulus to stimulate either the retinal ganglion cells (epiretinal approaches) and/or the remaining retinal circuitry
layers (sub-retinal approaches). In recent years patients in
trials with retinal implants have demonstrated the ability to
determine large high contrast features presented to them.
This remarkable achievement has been through a huge
effort to improve the surgical process, develop novel
electrode materials and topologies, the fundamental
stimulation
biophysics
the
controlling
electronics.
Nevertheless the approach is very challenging. Therefore in
this work, we hope to bypass many of the problems using
optoelectronic and optogenetic approaches.
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ROLE OF THROMBOSPONDIN-1 IN ENDOTOXININDUCED UVEITIS
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Transfecting the remaining functioning cells of the retina with
channelrhodopsin and halorhodopsin hold the potential for
an optobionic approaches to retinal prosthesis. As the eye is
designed for optical stimulation, there would no longer be the
need for an invasive implant - with the problems of device
degradation and upgrade, and surgical damage. optogenetic
approaches also hold the potential for targeting specific
pathways allowing the potential for much greater visual
function with much higher contrast.

Thrombospondin-1 (TSP-1) is a complex extracellular matrix
protein with a documented role in the generation and
maintenance of ocular immune privilege. While much of its
function in the eye is attributed to its ability to convert latent
transforming growth factor beta (TGFB) into its active form, a
growing body of work is beginning to reveal other roles for
this molecule, especially in cellular adhesion and trafficking.
Our recently experiments are beginning to unravel a role for
TSP-1 in endotoxin-induced uveitis (EIU), an animal model
of acute anterior uveitis characterized by the rapid and
transient infiltration of neutrophils, macrophages and other
inflammatory cells into the anterior uvea. Our results suggest
that the function of TSP-1 during inflammatory conditions
mediated by the innate immune system differs significantly
from those mediated by the adaptive immune system. These
differences appear to be age-dependent, becoming more
pronounced with increasing age.

This talk will focus on the state of development of the
European OptoNeuro project to develop an optoelectronic
stimulator to match the intense light requirements of the
channelrhdodopsin and holorhdodopsins. It will also discuss
the implications in terms of the types of vision that could be
returned and the challenges facing the approach.
COI/Financial disclosure: EC FP7 - OptoNeuro
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RESTORING VISION BY USING HALORHODOPSIN
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using the mouse model of inflammation-induced corneal
neovascularization and TSP-deficient mice.
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Results: A significantly increased lymphangiogenic
-/response was found in TSP 1 compared to wildtype mice.
-/mice displayed mild,
Furthermore, untreated TSP 1
-/spontaneous, isolated lymphangiogenesis. Sine TSP 1
mice had elevated corneal levels of the lymphangiogenic
growth factor VEGF C, since monocytes are a prime source
of VEGF C during inflammation and since the corneal stroma
is endowed with numerous macrophages, we next examined
the role of the monocytic TSP 1-receptor CD36 on
-/mice
inflammation induced lymphangiogenesis. CD36
displayed a significant increase in both inflammation-induced
hemand
lymphangiogenesis.
Since
CD36
immunohistochemically was not expressed on ocular
+
lymphatic vessels, but on resident corneal CD11b
monocytic cells, an indirect antilymphangiogenic effect of
TSP 1 via CD36-ligation on monocytes was hypothesized.
-/Indeed, reconstitution of CD36 mice with wildtype bone-/marrow reversed the lymphangiogenic phenotype of CD36
mice.

THE IMMUNOREGULATORY FUNCTION OF TSP-1
EXPRESSED BY OCULAR SURFACE DENDRITIC CELLS
D.R. Saban
Schepens Eye Res Inst, Mass Eye & Ear, Harvard Medical
School, Boston, MA, USA
We previously identified that topical blockade of chemokine
receptor CCR7 serves as a promising therapy against ocular
surface inflammation, as it suppresses the elicitation of
allergic conjunctivitis (AC) in mice and does so via impairing
conjunctival dendritic cell (DC) function. Thrombospondin-1
(TSP-1) has also been demonstrated to impair the function
of DCs at the ocular surface, and therefore we tested here
whether this matricellular protein can likewise play a
regulatory role against allergic immune responses in AC. To
test this, we actively immunized wildtype (WT) vs. TSP1-/mice with ovalbumin (OVA; 100µg)/ pertussis toxin (300ng)/
alum (1mg) and then rested them for 14d. In another
experiment, we passively immunized WT vs. TSP1-/- mice
by adoptive transfer of OVA-primed WT T cells. In a final
experiment, we passively immunized only TSP1-/- mice and
subsequently engrafted WT vs. TSP1-/- bone marrow
derived DCs into the subconjunctival space of these mice.
We challenged all mice via instillation of topical OVA eye
drops (250 ug daily, 10 d consecutively). AC was evaluated
by masked clinical scoring performed 20 min post challenge.
Objective parameters of allergic immune responses were
also assessed, and accomplished via evaluation of cytokine
profiles (IL-4, IL-5, and IL-13), eosinophil infiltration (CD45+
Siglec F+), and serum OVA specific IgE levels. We found
that peak clinical scores were significantly elevated in TSP1/- mice relative to scores in WT controls following either
active or passive immunization. Interestingly, such an
increase in clinical scores could be reversed with
subconjunctival engraftment of WT but not TSP1-/- DCs. We
observed that this reversal likewise occurred in all objective
parameters tested, including: inhibition of cytokine levels,
eosinophil infiltration, and serum OVA-specific IgE. We
therefore conclude that expression of TSP-1 by DCs at the
ocular surface has a regulatory function, which is capable of
impairing immune responses relevant in the elicitation of
allergic conjunctivitis.

Conclusions: We propose TSP 1 as endogenous inhibitor
of (inflammation-induced) lymphangiogenesis, and suggest
its mode of action to be indirectly via ligation of CD36 on
bone-marrow derived monocytic cells. TSP 1 therefore
contributes both to the "anti(lymph)angiogenic" privilege as
well as the "immune" privilege of the cornea.
COI/Financial disclosure: Nothing to disclose
O082
THERAPEUTIC APPLICATIONS OF THROMBOSPONDIN
PEPTIDES IN EXPERIMENTAL OCULAR INFLAMMATION
F.A. Mir, B. Turpie, S. Masli
Schepens Eye Research Institute, Harvard Medical School,
Boston, MA, USA
Thrombospondin-1 (TSP-1), a matricellular protein with the
ability to activate latent TGFb and inhibit angiogenesis is
critical to the ocular immune privilege. Its absence results in
unresolved ocular inflammation in experimental autoimmune
uveitis (EAU) that leads to irreversible damage to the ocular
tissue. This observation correlates with the activated
phenotype of ocular antigen presenting cells (APCs) in TSP1 deficient mice. More recently we have demonstrated that
the expression of TSP-1 by ocular APC is not only essential
for regulating inflammatory lymphangiogenesis but also in
the induction of regulatory T cells (Treg) associated with
ocular immune privilege. The immunoregulatory property of
TSP-1 in addition to its anti-lymph and hemangiogenic
properties makes it an ideal molecule for therapeutic
applications targeting ocular inflammatory diseases. In this
study we tested effectiveness of topical Thrombospondinderived peptides in suppressing ocular inflammation in EAU
induced by immunizing C57BL/6 mice subcutaneously with
interphotoreceptor retinoid binding protein (IRBP) in
complete Freund's adjuvant (200 mg). Intraperitoneal
injection of TSP-peptide in immunized mice significantly
increased CD4+CD25+Foxp3+ Treg among lymph node
cells while reducing IFNg and IL-17 expressing effectors as
compared to those detected in mice treated with control
peptide. Furthermore, compared to the control group the
experimental group treated with topical application of TSPpeptide showed significant reduction in clinical score of
uveitis. These results suggest that thrombospondin plays a
significant role in regulating ocular inflammation and
mechanisms by which this molecule protects ocular tissue
against inflammation may involve immunoregulation besides
inhibition of angiogenesis
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THROMBOSPONDIN 1 REGULATES
LYMPHANGIOGENESIS BY CD36 LIGATION ON
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Purpose: Lymphangiogenesis, i.e. the outgrowth of new
from preexisting lymph vessels, is an important early step in
tumor metastasis and transplant host sensitization. Whereas
with VEGF A, C and D at least some endogenous
lymphangiogenic growth factors have been identified, so far
no endogenous inhibitor of lymphangiogenesis is known.
Methods: We tested the anti(hem)angiogenic factor
thrombospondin (TSP) 1 for its antilymphangiogenic effect
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factors- that result in neural and placodal patterning
modifications which are advantageous for cavefish to live in
the dark.
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EVOLUTION OF EYES AND PHOTORECEPTOR CELLS
IN ANIMAL EVOLUTION
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D. Arendt
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LENS DEVELOPMENT IN ZEBRAFISH
J. Gross

We envisage animal evolution as a series of cell type
diversification events, starting from a single, multi-functional
cell type that existed in metazoan ancestors, leading to
complex organisms composed of many, more specialized
cell types. In my lecture, I will focus on the emergence and
diversification of rhabdomeric photoreceptor cell types and
their associated neural circuits, to elucidate the evolution of
various rhabdomeric eye types from a cell type perspective.

Molecular Cell and Developmental Biology, University of
Texas at Austin, Austin, TX, USA
Zebrafish have become increasingly useful as animal
models of human visual system disorders owing largely to
the ability to perform forward genetic screens and rapidly
identify the affected loci. With an interest in lens
development and cataractogenesis, we have identified and
characterized a number of recessive zebrafish mutations
that affect formation, organization, maintenance and/or
transparency of the lens. Several of these lens mutants will
be described and the roles of the affected gene products
during zebrafish lens development will be discussed in the
context of known functions of orthologs in mice and humans.

The “division of labour” model posits that neural circuits
evolve by functional segregation and specialization of
sensory cells and neuron types that emerge from common
multifunctional precursors and assemble into a hierarchy of
interconnected cells. Such diversification process can be
reconstructed by comparing the molecular fingerprint of
constituting cell types between remote animal groups. As an
example, I will present and discuss the evolution of the
rhabdomeric larval and adult eyes in annelids and how they
relate to other cerebral eye types found in other bilaterian
groups.
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THE BIFOCAL LENS OF THE SUNBURST DIVING
BEETLE THERMONECTUS MARMORATUS: USING A
NON-MODEL ORGANISM TO UNDERSTAND EYE
FORMATION AND FUNCTION

O084

E.K. Buschbeck

BLIND CAVEFISH EVOLUTION AND EYE
DEGENERATION MECHANISMS: PLACODAL AND
NEURAL COMPONENTS

Biological Sciences, University of Cincinnati, Cincinati, OH,
USA

S. Retaux, K. Pottin, H. Hinaux

Larvae of the predaceous diving beetle Thermonectus
marmoratus bear six eyes on each side of their head. The
two most frontal of these stemmata are the primary eyes for
prey capture. Although they are camera eyes, their
functional organization is distinctly different from that of other
known eyes. Each stemma forms a relatively long tube and
is characterized by two narrow retinas that are situated on
top of each other. The proximal retina consists of one cell
layer, is polarization sensitive, and responds maximally to
UV light. The distal retina is composed of 12-15 layers and is
maximally sensitive to green light. Both retinas are served by
a large bifocal, biconvex lens. During prey capture the
bifocal lens likely allows each of the two retinas to
simultaneously receive its own sharp image of the prey.
Taken together, this eye and lens organization is arguably
one of the most specialized animal eyes. Much can be
learned from how such a specialized eye may have derived
from its much simpler, ommatidium-like ancestor. To this end
insights can be gained from development, especially in the
light of mounting evidence that many mechanisms
underlying eye development are fairly well conserved. At the
morphological level, we indeed find distinct developmental
similarities of Thermonectus stemmata with Drosophila
ommatidia. For example, both insect's lens formation occurs
well after photoreceptors and pigment cells have
differentiated, and is characterized by the secretion of large,
relatively clear vesicles along the distal portion of the
invaginated eye. Although at this point it is unclear what
causes diving beetle lenses to become bifocal, a plausible
explanation, and subject to further investigations, is the
possibility that known molecular mechanisms controlling
development might be altered.

NeD UPR 3294, CNRS, Gif sur Yvette, France
Astyanax mexicanus is a teleost fish model used for
evolution studies. Among the same species, there are
several populations of sighted river-dwelling surface fish
(SF) inhabiting streams of Central and South America and at
least twenty nine populations of blind cavefish (CF) that live
in perpetual darkness in the caves of the Sierra de El Abra in
Mexico. Most cave populations are independently-evolved
and they all derive from surface fish ancestors. The loss of
eyes in cavefish is a complex trait, as genetics studies have
shown that at least 10 QTLs are involved in eye size/loss. It
is also developmentally regulated, as cavefish embryos first
develop an almost normal eye.
There are however two major defects in cavefish eye
development.
One is lens apoptosis and occurs after one day of
development. This phenomenon is the trigger for eye
degeneration in CF. As the lens is a placodal derivative, we
have studied placodal development in CF. The other is the
lack of the ventral quadrant of the retina, hence a defect of
the neural plate/forebrain development, that we have also
studied. We will show that the development of the placodal
and neural components of the eye and their defects in
cavefish is regulated by signaling centers secreting
molecules of the Hedgehog, Fgf, and Bmp families. We will
propose that the loss of eyes in cavefish is a secondary
consequence
of
developmental
events
-namely
modifications in the expression of pleiotropic signaling
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proteins together form the beta/gamma-crystallin superfamily
(BGSF). Only few information about their assembly state is
available. Moreover, their function remains mainly unclear.

This research has been supported by the National Science
Foundation (IOB-0545978 and IOS 1050754).
COI/Financial disclosure: Nothing to disclose

In this context, we aim to understand the sequence-structure
relationships of the BGSF members. We both analyze their
available 3D structures (solvent accessible surface, contact
interface) and amino acid sequences. We present an
explicative in silico approach to detect sites and their
physicochemical properties critical for BGSF assembly state
and domain evolution, based on aligned sequences.

O087
CONSERVATION OF LENS DEVELOPMENT BETWEEN
VERTEBRATES AND INVERTEBRATES
T. Cook

Methods: We consider beta- and gamma-crystallin
sequences in two separate classes, corresponding to distinct
protein assembly states; we also define sequence classes
corresponding to the two paralogous protein domains. We
use supervised clustering methods to identify the classspecificity of amino acid positions in term of solvent
accessible surface and/or physicochemical properties.

Pediatric Ophthalmology and Division of Developmental
Biology, Cincinnati Children's Hospital Medical Center,
Cincinnati, OH, USA
Proper retinal determination in the vertebrate “camera eye”
and the invertebrate “compound eye” involves molecular
mechanisms highly conserved between both eye types,
despite their significant anatomical differences. Whether lens
formation is similarly conserved is poorly understood, in
large part because of our rudimentary understanding of
invertebrate lens development. Here, we explore the
molecular events underlying lens morphogenesis in
Drosophila, as an model invertebrate genetic system. The
corneal lens in Drosophila is generated by cone cells (CCs)
and primary pigment cells (PPCs). During development,
these cells are specified by EGFR/Ras/MAPK and
Notch/Delta signaling. Two direct targets of these signaling
pathways are the transcription factors Prospero and Pax2.
Prospero (Pros) is expressed in CCs, while Pax2 is
expressed in CCs and PPCs. Using gain- and loss-offunction approaches, we have found that Pros and dPax2
contribute to various aspects of CCs development and
cooperate during lens formation. Mechanistically, we find
that Pros is critical to maintain high levels of Ras signaling,
whereas Pax2 promotes Notch signaling. Interestingly,
Prox1 (the mouse ortholog of Prospero) and Pax6 (which
shares a common PaxB precursor with Pax2) are also
essential for lens formation in vertebrates, and their
expression correlates with Ras and Notch signaling,
respectively. These findings suggest that common regulatory
programs control lens development from flies to vertebrates,
and that the Drosophila eye can serve as a powerful model
to define molecular events leading to the formation of
phylogenetically diverse lenses.

Results: We determine beta-specific or gamma-specific
sequence positions whose amino acid composition is related
to the protein assembly (monomer or oligomer). We also
identify domain-specific positions and physicochemical
properties. These positions are mainly located out of the
domain interface; their solvent accessible surface mostly
differs between beta- and gamma-crystallins, or between the
paralogous domains.
Conclusion: We detect sequence-structure relationships
which are related to the specificity of beta- and gammacrystallin assembly or domain evolution. We present an
efficient approach to understand and predict the assembly
state of the BGSF members.
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GENETICALLY-MODIFIED MOUSE MODELS OF
GLAUCOMA
M. Aihara
Ophthalmology, University of Tokyo, Tokyo, Japan
Mouse is often used as an animal model of various
diseases, because of easy handling in breeding, low cost,
availability of experimental tool, and amenability to genetic
modification. Mouse glaucoma models have been developed
in this decade since IOP measurement in mouse eyes has
been established. DBA2J strain, originally found in the
breeding stocks is often used as a spontaneous ocular
hypertension (OH) models leading to optic nerve
degeneration. Later, at least 2 genes were identified to
induce ocular hypertension by pigment dispersion. However,
other genetic background may be related to the
pathogenesis of optic nerve degeneration in such a
spontaneous animal model. On the other hand, various
genetically-modified models have been developed. Since
only a few causative genes of glaucoma have been
identified, almost transgenic models have been identified as
OH as a result of phenotype analysis of one protein not
related to glaucoma it self. Only mouse model related to
human glaucoma causative gene is a transgenic mouse
expressing mutant human myocilin, which developed OH as
well as POAG patients. Transgenic mouse expressing
mutant collagen alpha1-filament developed OH by the
obstruction of aqueous outflow derived from slow
degradation of collagen. This mouse was originally found as
the model of scleroderma. Otherwise, aderenomedullin
receptor over expression and vav2/3 double knock out
mouse developed angle closure glaucoma with anterior
segment dysgenesis. So far, there were no related human
glaucoma patients to these genes. Mouse OH models are
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Background and aims: Beta- and gamma-crystallins are
major components of the vertebrate eye lens; these long-life
and unusually stable proteins share two conserved structural
domains, generated by duplication. Each domain comprises
two Greek key motifs, and belongs to the same structural
family. However, these proteins differ by their structural
assembly: the gamma-crystallins are monomers, whereas
the beta-crystallins are oligomers. Structural homologues of
this family were identified in all life kingdoms. These nonlens proteins share a various number of beta/gamma-like
domains (at least one), which probably arose from a
common ancestor, by multiple duplication events. These
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useful not only for analysis of causative genes but also
investigating pathogenesis of pressure-dependent optic
nerve degeneration and developing therapeutic modalities
such as IOP reduction or neuroprotection.
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GLY661ARG VARIANT OF ADAMTS10 FOUND IN
BEAGLES BUT NOT IN OTHER DOG BREEDS WITH
PRIMARY GLAUCOMA
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EFFECTS OF HYDRATION AND TEMPERATURE ON
CONVENTIONAL AND UNCONVENTIONAL OUTFLOW IN
ENUCLEATED MOUSE EYES
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Imperial College London, London, UK, Duke University,
Durham, NC, USA
Enucleated mouse eyes are useful for glaucoma research,
but technical challenges limit assessment of outflow in mice.
We investigated how hydration and temperature affect
outflow in enucleated mouse eyes.

In a colony of Beagle dogs with inherited primary open angle
glaucoma, the disease locus was previously mapped and a
candidate disease-causing Gly661Arg variant identified in
ADAMTS10, a matrix metalloproteinase involved in
microfibril structure and function. The purpose of this study
was to investigate the extent to which the Gly661Arg variant
in ADAMTS10 contributes to primary glaucoma in the
general Beagle population and in other dog breeds. Dogs in
the study were examined by veterinary ophthalmologists to
determine disease status. DNA samples were obtained from
dogs diagnosed with primary glaucoma and from old dogs
free of eye disease. The Gly661Arg variant was genotyped
by sequencing genomic DNA from29 dogs affected by
primary glaucoma and 34 unaffected dogs of various breeds.
Only Beagles affected by primary glaucoma were found
homozygous for the Gly661Arg variant. These findings
confirm that the Gly661Arg variant of ADAMTS10 is
associated with glaucoma in Beagles, but may not account
for a large proportion of primary glaucoma in the general dog
population.

Enucleated eyes from C57BL/6 mice were perfused within
3hrs post mortem at 4, 8, 15 and 25mmHg. Conventional
outflow facility (C) and unconventional outflow (FU) were
defined as the slope and intercept, respectively, of a line
fitted to the flow rate vs. pressure data (Figure). To assess
hydration, eyes were immersed in a bath of isotonic saline at
room temperature (RT;N=3), while control eyes (N=4) were
simply covered with tissue paper kept moist by regular saline
drops. To assess temperature, eyes were immersed in a
35°C saline bath (N=3) or at RT (~20°C;N=4).
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SPONTANEOUS LARGE ANIMAL MODELS OF
GLAUCOMA
G.J. McLellan
[Flowrate vs. pressure - Hydration effects]
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In tissue-covered eyes, C was 0.0052±0.0006 µL/min/mmHg
(mean±SEM) and FU was 0.090±0.0089 µL/min, suggesting
that FU represents 68% of total outflow at 8mmHg. When
fully immersed, FU was nearly eliminated (-0.0003±0.002
µL/min), while C remained unchanged (0.0056±0.001
µL/min/mmHg). This suggests that insufficient hydration may
over-estimate FU in enucleated mouse eyes, and similar
effects may occur during in vivo mouse eye perfusion (e.g.,
when using a speculum).

Large animal models of glaucoma, with eyes comparable in
size, physiology and laminar structure to those of humans,
represent an important step in the development and
translation of new treatment strategies. Existing animal
models, ranging from mice to non-human primates, differ in
their cost, accessibility and duration and character of
disease. Diverse models represent complementary rather
than competing resources for the glaucoma researcher.
Spontaneous canine and feline models offer a number of
advantages. Glaucomatous damage occurs without the need
for experimental interventions often required to achieve and
maintain IOP elevation, optic nerve and retinal damage in
experimental models. Dogs and cats, with their long history
of domestication, offer the practical advantage of being
social and relatively easy to house and train to accept
medication and non-invasive tests. Their longevity enables
the study of long-term disease progression and of the effects
of aging on phenotype. However, the exact time of onset of
disease is generally less predictable than in experimentally-

Between RT and 35°C, there was a 2.3-fold increase in C
(0.0066±0.011 vs. 0.0152±0.002 µL/min/mmHg; p=0.012)
that exceeded the predicted 1.4-fold increase based on
viscosity effects alone. These data suggest that
temperature-dependent metabolic effects may contribute
more to conventional outflow in mice than previously
reported in human eyes (VanBuskirk and Grant, 1974).
These results demonstrate that hydration and temperature
are critical factors for accurately assessing conventional and
unconventional outflow in mouse eyes.
We acknowledge the donors to the American Health
Assistance Foundation.
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induced models and these bilateral diseases seldom offer
the opportunity for comparison between normal and
glaucomatous eyes within individual animals. Cats have,
arguably, the most thoroughly characterized visual system of
any mammalian species and also represent a valuable
genomic resource. In addition to a colony of cats that we
maintain with recessively inherited congenital glaucoma,
there are currently two forms of canine spontaneous
glaucoma that have been captured in viable research
colonies. In all three models structural and functional
evidence of optic neuropathy and RGC loss, comparable to
that observed in human patients, has been demonstrated.
The gene mutations responsible for open angle glaucoma in
Beagles (ADAMTS10) and for congenital glaucoma in
Siamese cats (LTBP2) have been identified and have known
human homologs. Genetic characterization of glaucoma in
Basset hounds is in progress.

O094
BEHAVIORAL STUDIES OF EXPERIMENTAL
GLAUCOMA
R.S. Harwerth
College of Optometry, Unversity of Houston, Houston, TX,
USA
Studies of visual function in macaque monkeys are generally
applicable to humans because the anatomy and physiology
of the eyes of the two species are very similar. Investigations
of monkey models of ocular diseases, such as glaucoma,
can be especially relevant to clinical patients when standard
ophthalmic instruments are adapted to evaluate
pathophysiologic mechanisms. The present investigations
were undertaken to study structure-function relationships in
experimental glaucoma by correlating losses in visual
sensitivity by behavioral perimetry with losses of axons in the
retinal nerve fiber layer (RNFL) by spectral domain optical
coherence tomography (SD OCT) and to reductions in retinal
ganglion cell (RGC) density by histologic counts. The
subjects were rhesus monkeys that had been trained by
operant methods to fixate and respond to visual stimuli
presented by a clinical perimeter (Humphrey Field Analyzer).
RNFL thickness measures were obtained by Heidelberg
Spectralis SD OCT. Unilateral experimental glaucoma was
induced by laser scarification of the trabecular meshwork to
restrict aqueous humor outflow to elevate the intraocular
pressure (IOP). Retinal tissue was collected from animals
with moderate to advanced visual field defects. The results
of the studies showed that there is considerable intersubject
variation in the effects of experimentally increased IOP on
the onset and progression of visual field defects, but at any
stage of glaucoma the RGC losses were predictable from
visual sensitivity measurements with nonlinear scaling of the
neural and sensitivity parameters. In addition, the visual
sensitivities in a region of the visual field are correlated to
the thickness of the RNFL in a peripapillary sector that
corresponds to the region of a visual field defect. These
results provide support for the use of experimental glaucoma
in macaque monkey as a model for investigations of
structure-function relationships in glaucoma that are directly
applicable to clinical patients.
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NONHUMAN PRIMATE MODELS OF GLAUCOMA
C.B. Toris
Ophthalmology, University of Nebraska Medical Center,
Omaha, NE, USA
Of all the animal models used in glaucoma research, the
nonhuman primate (NHP) is the most similar to humans in
terms of ocular anatomy, physiology and response to
intraocular pressure (IOP) lowering treatments. The best
known NHP models of glaucoma include the Florida rhesus
monkey with naturally occurring glaucoma and the injury
model of cynomolgus and rhesus macaques. The injury is
induced by laser burns to the trabecular meshwork which
generates scars followed by increased resistance in the
outflow pathway. The result is a model of chronic ocular
hypertension. Increased resistance in the trabecular
meshwork has been found to be the cause of the IOP
increase in humans which makes the NHP laser model of
some relevance.

Support: NIH grants R01 EY01139 and P30 EY07551

Important differences between NHPs and humans need to
be considered when predicting clinical treatment success
from NHP results. For example, IOPs in normotensive eyes
of cynomolgus macaques are normally higher than healthy
human eyes and can be lowered more by topical treatments
than can occur in humans. In the laser injury models of
elevated IOP the animals are usually young and otherwise
healthy whereas humans with glaucoma are usually older
with other physical ailments.
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MECHANISM-BASED MODULATION OF RPE65
ACTIVITY
T.M. Redmond, E. Poliakov, T. Parikh, P. Chander, S.
Gentleman

NHPs are very intelligent animals which can be trained to
accept IOP measurements without anesthesia. However
they can cause serious injury if mishandled and they can
transmit diseases to humans that can prove deadly.
Because of their intelligence and phylogenetic closeness to
humans, strong sentiment exists regarding the ethics of their
use in research.

Lab. of Retinal Cell & Molecular Biology, National Eye
Institute, NIH, Bethesda, MD, USA
Background and aims: RPE65, the visual cycle isomerase,
plays a pivotal role in vision and in genetic blindness. While
RPE65 deficiency due to genetic causes may be correctable
by gene therapy, down-regulation of RPE65 activity to
reduce production and accumulation of potentially toxic
bisretinoid byproducts of the visual cycle is a potential
therapeutic goal for patients with Stargardt disease or
geographic atrophy. We have been dissecting the catalytic
mechanism of RPE65 to identify mechanism-based inhibitors
that could be useful in this regard.

This review will summarize the key findings from NHPs in
glaucoma research and will provide insight into the
challenges and rewards of using these precious animals.
COI/Financial disclosure: grant from Research to Prevent
Blindness

Methods: Based on the available crystal structures of
RPE65 and its relatives, ACO and VP14, we built various
structural models of RPE65 to visualize its substrate-binding
cleft. Substrate docking predictions of wildtype and mutant
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RPE65 were modeled. Site-directed mutagenesis was used
to mutate several invariant substrate-binding cleft residues of
RPE65, which were assayed for isomerase activity and
protein expression levels. RPE65 activity was measured in
the presence of various potential inhibitors.

contribute to susceptibility to OIR. Low expression of
IGFBP3 has previously been associated with impaired retinal
vascularisation and persistent vaso-obliteration and may
account for the presence of large retinal avascular areas in
susceptible rats. Further, initial analysis showed 14 miRNAs
to be significantly differentially expressed after correction for
multiple comparisons. Three candidate miRNAs have thus
far been confirmed to be differentially expressed in a straindependent manner by quantitative real-time RT-PCR. All are
predicted to target elements of the HIF-α oxygen sensing
pathway. Strain-dependent differential expression of these
miRNAs may contribute to the differential susceptibility to
OIR exhibited by F344 and SD rats.

Results: Previous, unexpected, results from F103 mutants
of RPE65 showed that RPE65 is a “leaky” isomerase that
can produce not only 11-cis retinol, but also biologically
irrelevant 13-cis retinol. Besides F103, we subsequently
found that at least two other residues affect cleft geometry to
modulate cis isomer product outcome. These data strongly
implicate a delocalized bond-order retinyl intermediate in the
RPE65 mechanism, either a carbocation or a radical cation,
as the data could be explained either way. Based on this, we
predicted that if a radical cation were involved it could be
inhibited by spin traps. We tested a variety of hydrophilic and
lipophilic spin traps for their ability to inhibit RPE65
isomerohydrolase activity. We found that the aromatic
lipophilic spin traps such as N-tert-butyl-alpha-phenylnitrone
(PBN), 2,2-dimethyl-4-phenyl-2H-imidazole-1-oxide (DMPIO)
and nitrosobenzene (NB) inhibit RPE65 activity at
micromolar levels in vitro, while other spin traps do not.

Conclusions: A key determinant of susceptibility to OIR is
the extent to which pro-angiogenic factor genes are
expressed during the period of hyperoxic exposure. Those
strains in which expression is relatively well maintained are
less susceptible to retinopathy than are those in which
expression is reduced. Identifying the molecular basis of
susceptibility to OIR may help to identify infants at risk of
developing ROP, and identify new therapeutic targets for
treatment.

Conclusions: While the mechanism of retinol isomerization
in the visual cycle has been a subject of controversy for
many years, our findings establish that a delocalized retinyl
intermediate is involved. This fundamental insight led us to
the identification of aromatic lipophilic spin traps as inhibitors
of RPE65. These could be used to modulate bisretinoid
accumulation in Stargardt disease or geographic atrophy, or
be used as a template for other small molecule approaches.
Further understanding of the catalytic mechanism of RPE65
could lead to other candidate molecules.
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HISTONE MARKS PREDICT CELL PLASTICITY OF THE
ADULT HUMAN RETINAL PIGMENT EPITHELIUM
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Retinal pigment epithelial (RPE) cells are well recognized to
change fate in lower vertebrates. We recently showed that
adult human RPE contains a sub-population of cells that can
be activated into self-renewing multipotent stem cells. To
eliminate the possibility of a contaminating cell type we
demonstrated that single, cloned RPE cells exhibit this
ability, irrefutably demonstrating they are multipotent cells.
We therefore sought to understand the basis for this
observed plasticity. Histone marks at promoter and enhancer
sites can reveal genes that are actively being transcribed i.e. active, and genes that are poised - i.e. currently inactive,
but can be activated by under appropriate conditions.
Recently, the histone H3K27me3 and H3K4me3 marks has
been shown to be concomitantly enriched in so called
bivalent promoter regions, which in human embryonic stem
cells (hESCs) are thought to poise developmental genes for
subsequent activation. Similarly, distal enhancers in hESC
are enriched in either H3K27ac or H3K27me3, depending if
such regulatory elements control transcriptionally active or
poised genes, respectively. Therefore, we hypothesized that
the combination of histone marks at promoter and enhancer
regions could predict poised genes in RPE that can become
active in response to stimuli and that could explain RPE
plasticity. We cultured human retinal pigment epithelium into
polarized layers and verified their terminal differentiation
through transepithelial resistance (TER) in Ω.cm2,
immunohistochemistry, quantitative PCR, and phagocytosis.
We then conducted H3K27ac, H3K27me3, H3K4me3 and
H3K4me1 chromatin immunoprecipitation-sequencing (ChIPseq) on adult human RPE monolayers. We found that RPE
specific genes possess H3K27ac and H3K4me3 marks at
their promoter regions, whereas the genes we have found to
increase expression during differentiation of RPE, for
example RUNX2 during osteogenic differentiation, display a
bivalent promoter enriched in both H3K27me3 and
H3K4me3. These results suggest that poised promoter and
enhancer signatures may predict RPE plasticity.
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Background and aims: Rodent models of oxygen-induced
retinopathy (OIR) provide useful insights into the
pathogenesis of human retinopathy of prematurity (ROP).
We have identified marked and consistent variations in
susceptibility to OIR amongst different inbred rat strains, and
provided strong evidence for an autosomal dominant pattern
of inheritance in two susceptible strains.
Methods: To investigate the basis for susceptibility to OIR,
Affymetrix microarrays were used to investigate the
differential expression of over 27,000 genes in response to
cyclic hyperoxia in Fischer344 (F344, resistant to OIR) and
Sprague-Dawley (SD, susceptible to OIR) rats. A
bioinformatics approach using the databases DAVID and
IPA was used to assist in functional grouping of differentially
regulated genes. Exiqon microarrays were used to analyse
the differential expression of over 1500 microRNAs
(miRNAs)in response to cyclic hyperoxia in F344 and SD
rats.
Results: Three genes, EGLN3, EGLN1 and IGFBP3, were
found to be differentially expressed in a strain-dependent
manner in response to relative hypoxia. EGLN3 and EGLN1
are involved in the regulation of the HIF-α oxygen sensing
pathway and dysregulation of this pathway in SD rats may
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Breakdown of peri-photoreceptor vascular demarcation
leads to retinal angiomatous proliferation (RAP) or choroidal
neovascularization (CNV), two variants of vascular invasion
of the photoreceptor layer in age-related macular
degeneration, the leading cause of blindness in the West.
Here we show that sFLT-1, an endogenous inhibitor of
vascular endothelial growth factor-A, is synthesized by the
retinal photoreceptors and retinal pigment epithelium, and is
decreased
in
age-related
macular
degeneration.
Suppression of sFLT-1 by antibodies, adeno-associated
virus -mediated RNA interference, or Cre/lox mediated gene
ablation either in the photoreceptor layer or below induces
free VEGF-A and abolishes photoreceptor avascularity.
These findings help resolve the foundation of vascular
zoning of the retina that is critical for vision, and advance two
transgenic murine models of age-related macular
degeneration.

COI/Financial disclosure: Nothing to disclose
O098
GENETIC ENGINEERING OF AAV VECTORS WITH
ENHANCED PROPERTIES FOR GENE DELIVERY TO
THE RETINA
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Adeno-associated virus mediated gene transfer to retina is
useful for studying retinal structure and function and treating
blinding diseases. A major limitation to broader use of AAV
vectors is that gene delivery to photoreceptors and retinal
interneurons is inefficient and difficult to target to specific
functional subclasses of retinal cells. None of the natural
AAV serotypes can transduce the ONL and INL from the
vitreous, only a few can infect the inner retina, and these
transduce only the fovea of the primate retina from the
vitreous. Generating retinal cell specificity is difficult to
achieve with cell specific promoters due to AAV's 4.7kB
packaging limit. One approach to generate specificity is to
direct vector tropism at the initial infection step, engineering
the virus capsid to recognize rare, specific cell surface
receptors. To overcome limits to AAV use, vectors are
engineered at the molecular level. Unfortunately, there is
insufficient
knowledge
of
virus
structure-function
relationships for rational design of vectors. We engineered
new vectors by “directed evolution”, where a large, diverse
pool of mutants is iteratively generated and selected, with
multiple rounds of genetic diversification to yield variants
with improved function. We evolved AAV variants capable of
gene delivery to cones, Müller glia, on-bipolar cells and
ganglion cells. Because Müller cells contact the vitreous and
span the retina, vitreal transduction enabled the secretion of
molecules throughout the retina. We have implemented
directed evolution to create a novel AAV variant capable of
gene delivery to photoreceptors after vitreal injection. We
extended this approach to dog and primate; due to
differences in the viral tropism to retina between species. We
are using the directed evolution strategy to engineer novel
AAV vectors to mediate enhanced gene delivery to the dog
and macaque retina. In addition to finding novel viral variants
with enhanced binding to unique cell surface receptors, we
are testing whether vectors with engineered microRNA
binding elements can mediate selective transgene
expression in particular retinal cell populations. We have
generated vectors that expand AAV tropism to numerous cell
populations in the retina. For some applications, it would be
desirable to limit expression to select populations. To this
end, we have engineered AAV vectors incorporating
microRNA (miRNA) binding elements that limit protein
expression to selective retinal cell populations.
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RETINAL RESPONSE TO AAV.SFLT THERAPY
E. Rakoczy
Centre for Ophthalmology and Visual Sciences, University of
Western Australia, Perth, WA, Australia
The long-term safety of rAAV.sFlt-1 injection into the
subretinal space of mice and non-human primates was
examined. Levels of sFlt-1 protein were significantly higher
in the vitreous of all mice and 4 out of 5 rAAV.sFlt-1-injected
primate eyes. The immune response to subretinal injection
of rAAV.sFlt-1 in mice was limited to a transient increase in
CD45+ leukocytes which disappeared by 4 weeks postinjection. This transient increase was localized to the eye
and did not affect long-term therapeutic efficacy. While some
non-human primates showed variation in their immune
compartments during the course of the treatment, there were
no consistent trends in the frequencies of all the immune cell
subsets analysed across animals in the various treatment
groups and any changes detected were not significant.
Notably, immunological analyses demonstrated that gene
therapy with rAAV.sFlt-1 does not elicit cell-mediated
immunity. There was no evidence of damage to the eyes of
animals that received subretinal injections of rAAV.sFlt-1,
with ocular examination showing no anterior chamber flare,
normal fundus and ERG responses equivalent to those
observed pre-treatment. Biodistribution analysis showed that
rAAV.sFlt-1 could be detected only in the eye, and not in the
other organs tested. rAAV2 capsids were not detected
outside of the retina. These data indicate that gene therapy
with subretinal rAAV.sFlt-1 is safe and well-tolerated, and
therefore promising for the long-term treatment of
neovascular diseases of the eye. In the light of these data a
human trial is scheduled to start in 2012.
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PHOTORECEPTOR AVASCULAR PRIVILEGE IS DUE TO
SOLUBLE VEGF RECEPTOR-1

AUTOIMMUNE RETINOPATHY: CELLULAR AND ANTIRETINAL ANTIBODY RESPONSES IN HUMAN AND
MOUSE

B.K. Ambati

J.R. Heckenlively, Y. Lu, S. He, R. Douglas

Ophthalmology, Moran Eye Center, University of Utah, Salt
Lake City, UT, USA

Department of Ophthalmology, University of Michigan, Ann
Arbor, MI, USA

Optimal phototransduction requires precise separation of a
highly vascularized choroid adjacent to yet not invading the
avascular photoreceptor layer. How these contradictory
imperatives are reconciled molecularly is unclear.

Autoimmune retinopathy (AIR) may be a relatively common
disease that clinically is mistaken for retinitis pigmentosa
(RP). Atypical features from RP are that there is seldom a
family history of retinal disease, while other family members
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commonly have autoimmune disorders. The onset occurs in
visually normal individuals who suddenly have photopsias
and scotomata. The presentation may be asymmetric, and
on clinical examination, frequently nothing diagnostic is
found, and patients do not have retinal pigmentary deposits.
AIR was first validated by finding anti-recoverin antibodies in
patients with cancer-associated retinopathy (CAR). In
melanoma associated retinopathy (MAR), anti-bipolar or
inner nuclear staining by autoantibodies was a notable
feature. In the majority of CAR and MAR cases, the tumor
proceeds the appearance of autoantibodies, but a medical
screen for carcinoma is warranted in all new cases of AIR.
There are seven recognizable clinical forms of AIR: CAR,
MAR, non-paraneoplastic AIR, RP with cystoid macular
o
edema (presumably 2 ), patients post inflammatory insults
(MEWDS, Birdshot), and established autoimmune disorder
patients who later develop AIR.

moderate levels of CNTF expression can enhance
photoreceptor survival without cone opsin suppression.
Outcomes of these studies will enhance our understanding
of how the diseased neural retina responds to the
therapeutic application of neurotrophic cytokines.
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STUDIES OF RETINAL CELL LINEAGE AND
DIFFERENTIATION MECHANISMS BY USING CELL
SURFACE ANTIGENS
S. Watanabe
Department of Molecular and Developmental Biology,
Institute of Medical Science, University of Tokyo, Tokyo,
Japan

There is wide variability in the phenotype of each AIR patient
depending on which anti-retinal antibodies are involved and
their retinal targets. In studying two mouse models of AIR
and one MAR patient's eyes, we found specific retinal cell
types are targeted by antigen specific antibodies, which
correlate with ERG changes. On immunohistology, a Mueller
and astrocytic response with hypertrophy and increased
presence of GAF staining cells was common. Even though
AIR patients do not show cell and flare on biomicroscopy,
many patients´ blood have increased populations of IGF-1
staining hemopoetic-derived cells compared to normal.

Regeneration of the retina from retinal stem cells or other
sources by transplantation is a critical issue from both
clinical and neurobiological points of view. However, the
nature of retinal stem/progenitor cells and following cell
lineage, which give critical information to achieve retinal
regeneration, has been largely unknown, making it difficult to
attempt understanding of them. We applied the stem cell
knowledge and technologies for hematopoiesis to work on
retinal development and regeneration. Surface antigens
permit the isolation of specific subsets of cells from a cell
mixture without damaging the cells, facilitating the
characterization of cell lineages in normal development and
retinal disease states. We screened the mouse retina at
various developmental stages for reactivities with a panel of
antibodies directed against cell-surface antigens and
obtained unique expression patterns for more than 30
antigens. Among these, SSEA-1 (CD15) and c-kit (CD117)
have been shown to represent retinal progenitor cells, and
CD73 and CD44 were identified as a marker for
photoreceptor and Mueller glia precursor cells, respectively.
Prospective isolation of certain subsets of retinal cells and
comparison of gene expression patterns among these
subsets led to identification of signalling pathways that act
on specific subsets of retinal cells at defined developmental
stages. We compared gene expression patterns of SSEA-1
positive E14 cells, c-kit positive P1 cells, and c-kit negative
P1 cells by microarray and classified genes into subgroups
in terms of specific expression patterns in certain subsets of
cells. Analysis of these genes by gain- and loss-of-function
using retinal explant culture led to discovery of several
genes which play pivotal roles in retinal progenitor cells for
their differentiation.
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CNTF-MEDIATED NEUROPROTECTION IN A MOUSE
MODEL OF RETINITIS PIGMENTOSA REQUIRES
CYTOKINE RECEPTOR GP130 IN MÜLLER GLIAL CELLS
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Ciliary neurotrophic factor (CNTF) acts as a potent neural
protective agent in a number of retinal degeneration models.
We have shown previously that in a mouse model of retinitis
pigmentosa caused by a dominant mutation (P216L) in
rds/peripherin, constitutive expression of CNTF by rAAV
through the CBA promoter delays photoreceptor cell death,
but alters retinal transcription profiles including suppression
of cone opsin expression. In addition, CNTF expression also
results in dispersion of Müller glia and bipolar cells in the rds
(P216L) retina. In this study, we examine the mechanism of
CNTF-mediated neural protection in the rds mutant retina. A
lentiviral vector (LV-hCNTF) encoding the CMV promoter
was constructed to express the same secreted CNTF
currently used in human clinical trials. Subretinal delivery of
LV-hCNTF results in expression of CNTF from retinal
pigment epithelium (RPE) within three days. Unlike the
previous study, where cone opsin expression was
suppressed, both rod and cone opsin expression persists in
LV-hCNTF transduced retinas. To determine the target cell
types for CNTF in the retina, cell type specific conditional
deletion of the CNTF receptor gp130 was performed in
conjunction with lentiviral mediated CNTF delivery in the rds
mutant retina. Mice that lack gp130 in Müller glia show
significantly reduced neuroprotection of photoreceptors by
CNTF. In addition, CNTF-induced Müller glia dispersion was
suppressed in gp130 homozygous mutants. Moreover,
CNTF-triggered phosphorylation of STAT3 in Müller glia as
well as in photoreceptor cells was severely attenuated.
Taken together, these results indicate that neuroprotection
by CNTF in the rds mutant requires the initial activation of
the cytokine signalling pathway in Müller glial cells, and
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WIRING AND FUNCTION OF PROTEIN NETWORKS IN
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Understanding complex signal transduction networks is one
of the big challenges in modern Biology. Combining and
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integrating several layers of information gathering from
biochemistry, in silico network analysis as well as structural
biology we have developed an analytical approach to
determine the specific quality of a set of interactions. This
allows to assess the simultaneous compatibility or
competitive nature of protein interactions and to move from
analyzing single interactions towards dynamics of protein
complexes, that can serve as a basis for elucidating
physiological principles.

Results: Our investigation using a comprehensive spectrum
of cutting-edge techniques has resulted in following major
findings: (1) over-expression and down-regulation of cochlin
increase and decrease IOP, respectively . The
overexpression was achieved in DBA/2J-Gpnmb+/SjJ using
lentiviral vectors, down-regulation was achieved in
glaucomatous DBA/2J mice using targeted disruption
(cochlin-null mice) and using lentiviral vector mediated
shRNA against cochlin coding region; (2) reintroduction of
cochlin in cochlin-null mice increases IOP; (3) injection of
exogenous cochlin also increased IOP; (4) increasing
perfusion rates increased cochlin multimerization, which
reduced the rate of cochlin proteolysis by trypsin and
proteinase K; The cochlin multimerization in response to
shear stress suggests its potential mechanosensing. (5)
interaction of cochlin with transmembrane channel proteins
TREK-1, TASK-1 and SLC442A was observed by
immunohistochemistry and co-immunoprecipitation (co-IP);
(6) down-regulation of TREK-1 (a channel protein for known
for mechanotransduction) precluded the ocular hypertension
produced by overexpressing cochlin; (7) preinjection of
TREK-1 peptide required higher amounts of cochlin to be
injected to produce the same elevation of IOP; (8) cochlintransfection altered shape of cultured, human trabecular
meshwork (TM) cells; (9) co-expression of cochlin and
TREK-1 caused collagen gel expansion and increased the
transport rate of a fluorescent tracer across a multilayer of
TM cells.

We have applied organellar sub-fraction, density gradients
and native, gel-based fractionation methods, such as blue
native electrophoresis for the isolation of protein complexes
of mammalian photoreceptor outer segments (OS) and
identified the OS protein repertoire by mass spectrometry.
By integrating three proteomic datasets, literature mining,
computational analysis, and through structural information
we have generated a multiscale signal transduction network.
Complemented by domain decomposition of protein-protein
interactions this network was then qualified for mutually
exclusive or mutually compatible interactions and ternary
complex formation. We have further spotlighted protein
transport from the inner- to the outer segment as an
essential process generating the light receptive outer
segment. Zooming in on a protein mutated in an early
childhood blinding disease, we have identified the
interflagellar transport machinery as the physical entity
driving vesicular trafficking through the interconnecting cilium
that bridges the inner and the outer segment. The resulting
information not only offers a comprehensive view on the
mechanisms of selective protein transport and protein
complex assembly but also suggests novel signaling routes
guiding these activities via small GTPases. Further, it
demonstrates a specific disease susceptibility of the core
visual pathway and a relative robustness of the other
functional modules. The approach presents a generic
multiscale workflow applicable to the analysis of any cellular
pathway and opens a new field that we define as structural
systems biology.

Conclusion: Taken together with previous studies, we show
cochlin and TREK-1 are paired mechanotransducers which
regulate downstream cytoskeleton changes in response to
fluid shear and likely modulates fluid flow mediated changes
in TM cells properties.
COI/Financial disclosure: Nothing to disclose
O106

COI/Financial disclosure: Nothing to disclose
MECHANOBIOLOGY OF THE TRABECULAR
MESHWORK
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AQUEOUS HUMOR DYNAMICS AND
PATHOMECHANISMS OF IOP ELEVATION
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S.K. Bhattacharya

The trabecular meshwork is a mechanosensitive structure
subjected to dynamic mechanical stress exerted by the
ciliary muscle, intrinsic contractile elements and intraocular
pressure. Mounting evidence suggests that mechanical
stimuli drive the regulation of outflow resistance in the
trabecular meshwork to control intraocular pressure.
However, the exact regulatory mechanisms await further
characterization. We will review key aspects of trabecular
meshwork mechanotransduction and its possible alterations
in glaucoma with a special emphasis on cell-matrix
interactions and tissue elasticity.

Dept. of Ophthalmology, Bascom Palmer Eye
Institute/University of Miami, Miami, FL, USA
Background and aims: Impeded aqueous humor outflow is
considered to result in aqueous humor accumulation and
elevated intraocular pressure (IOP) in primary open angle
glaucoma. We asked the question whether trabecular
meshwork (TM) cells actively senses surrounding shear
stress and undergoes modulation? We further divided this
question into three steps (a) whether there are active
mechanosensing molecular steps employed by the cells to
sense shear stress in vast interstitial place in the TM? (b)
whether mechanosensing molecules works in concert or
tandem with membrane bound mechanotransducers? (c)
whether mechanotransduction results in cytoskeletal
changes resulting in altered TM cell shape and motility.
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Methods: DBA/2J, DBA/2J-Gpnmb+/SjJ and mouse with
targeted disruption of cochlin (n=42-48 mice for each time
point) and lentiviral vectors were used for these studies. IOP
measurements were performed with Tonolab/cannulation.
Western and immunohistochemical analyses were
performed using established protocols. Primary TM cells
were imaged using a Leica TSP5 confocal microscope. A
novel fluid transport assay and matrix expansion assay was
also performed.

MECHANOBIOLOGY OF THE LAMINA CRIBROSA
C. O'Brien
University College Dublin / Mater Misericordiae Hospital,
Dublin, Ireland
In POAG, raised IOP results in cupping of the optic nerve
head associated with stretching, compression and
rearrangement of the collageous plates in the lamina
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cribrosa (LC). The LC is a compliant structure constantly
exposed to multiple stresses and strains, and several groups
have explored and modelled the biomechanical properties of
the ONH and peri-papillary sclera. Little is known about how
the LC senses stretch-induced deformation to produce a
biomechanical/
biological
response
(i.e.,
mechanotransduction). Our group has shown that stretch of
normal human LC cells results in a profibrotic gene response
and activation of a mechanosensitive ion channel, the
calcium dependent maxi-K channel. Furthermore, glaucoma
LC cells show elevated basal and hypotonic-stretch induced
maxi-K current, which was partially inhibited by L-Type
calcium channel and store operated channel blockers.
Therefore Maxi-K blockers may have a therapeutic role to
play in glaucoma.

accumulation were also evaluated in vitro using dissociated
retinal cell cultures.
Results: Injection of microbeads into the anterior chamber
of mice induces mild IOP elevation in the majority of treated
eyes. Elevated intraocular pressure was maintained for up to
4 weeks. Complement component C1q can be observed in
-/the retinal ganglion cell layer in both RAG and control mice
with elevated IOP. Our proteomic analysis indicated that C1q
-/and C3 are membrane bound in both RAG and control
mice. The absence of immunoglobulins in RAG-/- mice did
not affect the rate of axonal damage or RGC loss. In
addition, RGC in retinal cultures maintained in serum-free
media are also C1q and C3 immunoreactive, further
suggesting that Ig is not required for C1q and C3 binding to
damaged RGC.
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Conclusion: Our data demonstrate that lack of
immunoglobulins and mature T/B cells does not influence
the progression of glaucoma. Furthermore, immunoglobulins
do not appear to be required for C1q binding and
complement cascade activation on damaged RGC. These
findings suggest that C1q recognizes an alternative binding
partner expressed by stressed RGC.
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MECHANISMS OF RETINAL GANGLION CELL DEATH
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Glaucomatous optic atrophy is a multifactorial disease. While
contributing factors such as elevated and fluctuating
intraocular pressure are widely accepted, other factors such
as altered ocular perfusion pressure or connective tissue
changes are under investigation and debate while others are
yet unkown. The final pathway of this disease is loss of
retinal ganglion cells mainly by apoptosis. In this
presentation the underlying events and mechanisms will be
addressed from a clinical phenotypical point of view, from a
descriptive histologic perspective as well as from a
molecular, genetic and epigenetic point of view.
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EXTRACELLULAR MATRIX CROSS-LINKING AND
PATHOMECHANISMS IN PSEUDOEXFOLIATION
GLAUCOMA
U. Schlötzer-Schrehardt, A. Krysta, F. Kruse, M. Zenkel
Department of Ophthalmology, University of ErlangenNürnberg, Erlangen, Germany
Pseudoexfoliation (PEX) syndrome is a complex, late-onset,
generalized disease of the extracellular matrix characterized
by the progressive stable deposition of abnormal fibrillar
aggregates in various intra- and extraocular tissues including
the trabecular meshwork. It represents the most common
identifiable cause of open-angle glaucoma and a leading
cause of blindness worldwide.
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INVOLVEMENT OF THE IMMUNE AND COMPLEMENT
SYSTEMS IN GLAUCOMA
M.H. Kuehn

Lysyl oxidase-like 1 (LOXL1) gene variants have been
identified as principal genetic risk factors for both PEX
syndrome and PEX glaucoma. LOXL1 is a pivotal crosslinking enzyme in extracellular matrix metabolism and seems
to be specifically required for elastic fiber formation and
stabilization. This lecture outlines our current understanding
of the role of LOXL1 in the pathophysiology of PEX
syndrome and PEX glaucoma. The available data suggests
that LOXL1 expression is dysregulated in PEX tissues,
dependent on the state of disease progression, and thereby
plays a central role in glaucoma development. In the initial
phase of fibrogenesis, increased expression of LOXL1 and
elastic fiber components contributes to the formation of
abnormally cross-linked PEX aggregates in the outflow
pathways leading to increased outflow resistance and IOP
elevation. In more advanced stages of the disease, reduced
expression and inadequate tissue levels of LOXL1 may lead
to elastotic tissue alterations, e.g. in the lamina cribrosa,
which adversely affect the biomechanical properties of this
critical tissue and may increase the susceptibility for IOPinduced optic nerve damage.

Ophthalmology and Visual Sciences, The University of Iowa,
Iowa City, IA, USA
Purpose: We previously reported that the degeneration of
retinal ganglion cells (RGC) in the glaucomatous retina is
associated with neuroinflammatory processes including local
synthesis and deposition of complement components 1q
(C1q) and 3 (C3) on RGC. C1q is not known to bind directly
to cell membranes; rather it is fixed by membrane bound
immunoglobulins as well as a variety of other binding
partners. Data from several laboratories have indicated the
presence of auto-antibodies directed against retinal epitopes
in the serum of glaucoma patients, which could potentially
result in the activation of the classical complement cascade.
In this study we evaluated whether C1q binding and
subsequent activation of the complement cascade in
glaucoma is dependent upon the presence of
immunoglobulins using RAG -/- mice which do not develop
mature T- and B- lymphocytes and do not produce
immunoglobulins.
Methods: Experimental glaucoma was induced in C57BL/6J
tm1Mom
-//J (RAG ) mice using a microbead
and B6.129S7-Rag1
occlusion approach. RGC densities as well as axonal
damage were determined. The deposition of C1q and C3
was visualized using immunohistochemistry of retinal
cryosections and confirmed by Western blot of retinal cell
membrane protein preparations. Complement activation and

Potential co-modulating factors triggering the fibrotic process
include elevated concentrations of fibrogenic growth factors,
such asTGF-ß1, and various external stress factors, such as
oxidative stress.
Long-term analysis of elastic fiber assembly by fibroblasts
that were stably transfected with LOXL1 gene variants
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provided a model system to analyze synthesis, secretion,
and targeting of LOXL1 to the extracellular elastic matrix in
vitro. Preliminary findings revealed the LOXL1 risk variants
to be associated with altered binding properties to elastic
matrix components.

junctional coupling and PTEN synergistically interact to
regulate lens homeostasis in vivo, we generated and
characterized animal models lacking PTEN, Cx46 and Cx50.
flox/flox
mice with MLR10 Cre mice to
We interbred PTEN
obtain lens specific PTEN knockout animals. These mice
were then crossed with either Cx46 or Cx50 knockout
animals to generate double knockouts. Lenses and eyes of
littermates were dissected, photographed, fixed and
sectioned for histological analysis. It has been previously
shown that knockout of Cx46 or Cx50 produces cataracts in
mice. Deletion of PTEN resulted in lens swelling and rupture
between 12 and 24 weeks of age. Double deletion of Cx46
and PTEN caused a cataract reminiscent of single Cx46
knockouts and a slowly developing lens rupture phenotype
similar to that of PTEN deletion alone. In contrast, double
deletion of Cx50 and PTEN produced numerous lens
defects, including severe cataract, epithelial hyperplasia,
vacuole formation and occasional invasion of the lens by
blood vessels. The additive phenotypes in the Cx46/PTEN
double knockouts suggest that these two proteins do not
interact in the lens. In contrast, the severe phenotype in
Cx50/PTEN double deficient lenses are consistent with
PTEN and Cx50 participating in a common regulatory
pathway that is necessary to maintain normal lens
development and homeostasis. Supported by NIH grant
EY13163.
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Blind sterile 2 (bs2) is a novel spontaneous hypomorphic
mouse mutation in alkylglycerone-phosphate synthase
(Agps), a ubiquitously expressed peroxisomal protein that is
a component of the ether lipid synthesis pathway. In
humans, mutations in AGPS result in rhizomelic
chondrodysplasia punctata type 3 (RCDP3), a syndromic
disorder characterized by shortening of rhizomelic bones,
bilateral congenital cataracts, severe growth and motor
delays, dysmorphic facial characteristics, stippled epiphyses,
and vertebral coronal cleft. We have shown that bs2 mice
exhibit cataracts and male sterility as well as severely
reduced ether lipid levels. The molecular etiology associated
with cataracts in RCDP3 patients and the role of ether lipids
in lens transparency is currently unknown. Clinically, adult
homozygote bs2 mice exhibit total bilateral cataracts.
Histological evaluation of adult eye sections reveals that bs2
mice have severely disrupted lenses with detached apical
connections between lens epithelial and fiber cells. Clinical
evaluation did not identify any lens abnormalities in bs2 prior
to P21, which was confirmed by histological evaluation.
However, at P21, bs2 mice exhibit abnormal elongation of
cells undergoing an epithelial-to-mesenchymal transition.
Immunohistochemical analysis revealed no difference in the
expression of PMP70 and catalase in both WT and bs2
lenses, indicating intact peroxisomes and PTS1-mediated
peroxisomal import in bs2 lenses. Due to phenotypic
similarities with mutant models of cell junctional proteins and
their known associations with ether-lipid-rich membrane
regions, we hypothesized that the function of connexin 43
(Gja1) or alternatively E-cadherin may be affected by
reduced ether lipid levels in lens epithelial cell membranes in
bs2 . Immunohistological evaluation of bs2 lenses revealed
mis-localization of GJA1 expression, whereas expression of
E-cadherin did not differ between WT and bs2 lenses. Our
current studies focus on further elucidation of the role of
ether lipids for the function of gap junctions including GJA3
and GJA8.
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PERMEABILITY OF LENS GAP JUNCTIONS TO
GLUTATHIONE
M. Srinivas, C. Rubinos
Department of Biological Sciences, Suny College of
Optometry, New York, NY, USA
Background and aims: The principal anti-oxidant in the
lens is glutathione (GSH, reduced form), an anionic
tripeptide. In the normal lens, levels of GSH are high in the
epithelium and outer cortex, but low in the inner cortex and
nucleus. The regional difference in GSH levels worsens with
age, and is proposed to be a major factor in the formation of
senile cataracts. In this study, we determined whether gap
junction channels formed by Cx46 and Cx50, which couple
outer fiber cells to those in the inner cortex and nucleus,
allow the passage of GSH. We also determined whether the
oxidized form of glutathione (GSSG, divalent anion) is
transported via gap junction channels.
Methods: Permeability of channels formed by Cx46 and
Cx50 to GSH and GSSG was compared with those formed
by Cx43, which is expressed primarily in the epithelium.
Charge selectivity was determined by
1) equimolar replacement of chloride ion in the patch pipette
with GSH and GSSG ions and measuring the unitary
conductances of the fully open state and
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2) measuring reversal potentials in asymmetric salt gradients
and estimating the relative permeability of GSH or GSSG
using the Goldman-Hodgkin-Katz equation.

O112
INTERACTIONS BETWEEN PHOSPHATASE AND
TENSIN HOMOLOG, CX46 AND CX50 IN THE LENS

Results: The unitary conductance of all three lens connexin
channels was reduced by Cl substitution with GSH
indicating that lens gap junction channels have a finite
anionic permeability. The most drastic change in single
channel conductance upon anionic substitution was for Cx43
channels, whereas the least change was found for Cx46
channels. Reversal potential measurements indicated that
distinct differences in anti-oxidant permeability through the
lens connexins. Cx43 channels had the highest permeability
to GSH compared to smaller ions (e.g. PNa:PGSH ~ 2.5:1) ,

T.W. White, L. Li, J. Martinez, R.Z. Lin, C. Sellitto
Physiology, Stony Brook University, Stony Brook, NY, USA
Both phosphatase and tensin homolog (PTEN) and
connexins have been linked to syndromic and nonsyndromic human cataracts respectively, showing that all of
these proteins play critical roles in the development and
maintenance of lens transparency. To determine if gap
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whereas Cx46 channels have the lowest permeability to the
large anion (PNa:PGSH ~ 12:1). The GSH permeability of Cx50
was intermediate to that of Cx43 and Cx46 (PNa:PGSH ~ 8:1).
In contrast, preliminary results indicate that only Cx43
channels permit the passage of larger divalent anion, GSSG.
Channels formed by Cx46 and Cx50 appeared to have little
or no permeability GSSG.

mice between C57BL/6J (B6) and 129SvJae (129) strain
backgrounds. Using a strategy combining linkage analysis of
quantitative trait loci and chromosome substitution by
homologous counterparts from 129 and B6 inbred strains,
we have determined a co-dominant cataract suppressor
located in a 2.1-million-base-pair interval on the
chromosome 7 (Chr7) of B6 strain. Heterozygous Chr7
B6/129 mutant mice display variable cataracts while Chr7
B6/B6 homozygous mutant mice develop mild cataracts.
Cataract severity is associated with the cleaved crystallin
proteins, which is presumably mediated by the activation of
mouse specific calpain 3 isoform encoded by CAPN3.
However, CAPN3, located on Chr 2, is expressed in both
129 and B6 lenses. It is unknown why and how calpain 3 is
less activated (or inactivated) in α3(-/-) knockout lenses of
B6 background in comparison with 129 background. We
hypothesize that this co-dominant suppressor likely controls
calcium influx and calpain 3 activation in the lens fiber cells.
We are in the process to determine this co-dominant
suppressor from several candidate genes that contain
polymorphic differences in their protein coding regions
between the B6 and 129 strain backgrounds. In addition, we
have established a new B6/129 crossover mouse line that
reveals the second genetic modifier on a different
chromosome by using a similar genetic approach.

Conclusions: Gap junction channels expressed in lens fiber
cells have a low but finite permeability to GSH. Whether the
low GSH permeability of Cx46 and Cx50 channels can
explain the low levels of the anti-oxidant in the lens core is
being addressed by mathematical modeling of the diffusion
of glutathione from the outer cells to inner fiber cells.
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Mutants of the human lens gap junction protein, Connexin50
(CX50), have been identified in members of families with
congenital cataracts. To elucidate the mechanism(s) of
cataract formation, we studied the functional, biochemical
and cellular behaviors of several CX50 mutants after
expression in vitro. Wild type CX50 and mutants were
expressed by transfection of HeLa cells and a human lens
epithelial cell line. In these systems, wild type CX50
localized to appositional membranes and supported
intercellular communication. Studies of cells performed
under experimental conditions that activate or inhibit specific
degradation pathways demonstrated that the proteasome,
lysosome and autophagy were involved in CX50
degradation. While a few mutants localized to gap junction
plaques and exhibited loss or gain of function, most mutants
showed abnormal cellular distributions and loss of function.
Several mutants (e.g., P88Q) localized predominantly within
components of the secretory pathway suggesting
impaired/inefficient trafficking. One mutant (P88S) formed
intracellular accumulations containing stacks of membranes
that were partially labeled with markers for autophagosomes.
We anticipate that the impaired trafficking and/or
accumulated mutant proteins lead to cataracts by causing
cellular toxicities by themselves or by associating with and
impeding normal trafficking and function of other lens
proteins.
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Expression of the water channels AQP1 and AQP0, in lens
epithelial and fibre cells respectively, is thought to account
for lens water permeability (PW). Recent reports have
suggested that additional water channel, AQP5, may also be
expressed in the lens. To characterize AQP5 expression in
the lens Western blotting was performed on fractions
obtained from the outer cortex, inner cortex and core of the
mouse, rat, bovine and human lens. AQP5 was expressed in
all species of lens being most highly expressed in the outer
cortex with reduced expression in the inner cortex and core
that suggests AQP5 is post translationally modified in these
deeper regions. Immunohistochemistry performed on rodent
lenses revealed that AQP5 in the periphery of both species
was predominately localized to cytoplasmic vesicles.
However with distance into the lens, AQP5 appeared to
translocate to the plasma membrane at an earlier stage of
fibre cell differentiation in mice relative to rat lenses. Since
AQP5 has a higher PW than AQP0, and unlike AQP0 is
sensitive to mercury compounds, the membrane insertion of
AQP5 should increase the mercury-sensitive PW in deeper
regions of the lens. To test this idea we made use of the
intrinsic maturation gradient of lens fibre cells to delineate
functional consequences of AQP5 membrane insertion,
which occurs at an earlier stage of fibre cell differentiation in
the mouse lens. Fibre cells were isolated from the periphery
(AQP0) and deeper outer cortex (AQP0/AQP5) of the mouse
2+
lens and in the presence of extracellular Ca spontaneously
formed plasma membrane vesicles. In this study we report
on the development of a fluorescence-based assay to
assess changes in the volume of these two populations of
vesicles in response to changes in bath osmolality. This
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THE ROLE OF GENETIC MODIFIERS IN
CATARACTOGENESIS CAUSED BY CONNEXIN
MUTATIONS
X. Gong, L. Li, J. Zeng, M. Li, W. Stopka, C.-H. Xia
Vision Science Program and School of Optometry, University
of California, Berkeley, Berkeley, CA, USA
Despite the identification of many gene mutations that cause
hereditary cataracts, there has been little success in
identifying genetic modifiers that influence the severity
and/or occurrence of cataracts due to their complex traits.
Our previous studies indicate that multiple genetic traits
regulate the severity of cataract formation in Gja3 knockout
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approach will be used to determine whether AQP5
contributes to PW in the lens.
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INTERACTIONS BETWEEN CELL POLARITY AND CILIA
FORMATION IN VERTEBRATE PHOTORECEPTORS
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B. Perkins, L. Dudinsky, M. Ramsey
Biology, Texas A&M University, College Station, TX, USA

TRANSCRIPTION FACTORS REQUIRED FOR
PHOTORECEPTOR DEVELOPMENT AND
REGENERATION IN THE ZEBRAFISH RETINA

Ciliogenesis begins with the migration and docking of the
basal body at the apical cell surface. Intracellular polarity
cues conferring apical identity (e.g. Crumbs) regulate
ciliogenesis, while planar cell polarity (PCP) signaling
regulates basal body positioning along the apical surface.
Although PCP signaling defects are believed to underlie
many ciliopathy phenotypes, a role for PCP signaling in
photoreceptor ciliogenesis has not been reported.
Furthermore, as ciliopathies exhibit considerable clinical and
genetic heterogeneity, alterations in PCP signaling may
affect phenotypic severity. We used zebrafish to 1)
determine if the connecting cilia of photoreceptors exhibited
regular patterning along a surface, suggestive of PCP
signaling; and 2) to determine if the photoreceptor
phenotypes of zebrafish cilia mutants could be enhanced by
inhibiting PCP signaling. Zebrafish cone photoreceptors are
arranged in a geometric lattice known as the cone mosaic.
We report that cone basal bodies orient asymmetrically to
the leading edge of each cell and point toward the optic
nerve, suggestive of an active signaling mechanism.
Ongoing experiments will test the role of PCP signaling
molecules in this patterning. To test the involvement of PCP
signaling in photoreceptor pathology, we examined the
zebrafish arl13b mutant. Mutations in ARL13b are linked to
Joubert Syndrome, a ciliopathy with varying degrees of
retinal degeneration. Zebrafish arl13b mutant photoreceptors
did not exhibit overt signs of retinal degeneration by electron
microscopy or immunohistochemistry at 5 days post
fertilization (dpf) but did undergo slow retinal degeneration
over the course of 2-3 weeks. Mild suppression of arl13b
with vangl2 by co-injection of morpholino oligonucleotides
resulted in shorter photoreceptor outer segments and
significant opsin mislocalization at 5 dpf. Thus, loss of arl13b
leads to slow photoreceptor degeneration in zebrafish.
Furthermore, arl13b genetically interacts with components of
the PCP pathway to enhance photoreceptor pathology.
Taken together the result suggest a link between PCP
signaling, cilia positioning, and photoreceptor survival in
vertebrates.

A.C. Morris, L. Pillai, M. Forbes-Osborne
Department of Biology, University of Kentucky, Lexington,
KY, USA
Background and aims: Unlike mammals, the zebrafish
retina displays remarkable regenerative ability in response to
injury. We are interested in identifying the transcriptional
regulatory networks that regulate photoreceptor regeneration
in zebrafish. This will increase our understanding of the
molecular mechanisms of adult photoreceptor regeneration
and should also uncover genes required for photoreceptor
subtype specification during embryonic retinal development.
In zebrafish, chronic rod or cone degeneration induces an
increase in distinct populations of progenitor cells that
attempt to regenerate the missing photoreceptor subtype. In
a microarray analysis of retinal RNA purified from wild type
zebrafish and from zebrafish that experience selective rod
degeneration, we found that expression of the transcription
factors insm1 and sox11 was significantly up-regulated. Here
I present our studies on the role of these two transcription
factors during retinal development.
Methods: Sox11- and insm1-deficient embryos were
generated by morpholino-mediated gene knockdown. Ocular
phenotypes were characterized by light microscopy, whole
mount in situ hybridization, and immunohistochemistry on
cryosections through the developing eye. Cell proliferation
was visualized by immunodetection of phosphohistone H3
(PH3) or by BrdU incorporation. Apoptotic cell death was
analyzed by TUNEL assay. Rescue experiments were
performed by co-injection of morpholinos and wild type
mRNA for zebrafish or human sox11 and insm1.
Results: Knockdown of either sox11 or insm1 caused a
significant decrease in number of differentiated rod
photoreceptors (and a smaller decrease in the number of
cones) at 3 days post fertilization (dpf). However, we did not
observe a reduction in other retinal cell types, suggesting
that these transcription factors are required specifically for
the generation of photoreceptor cells. In addition to the
photoreceptor phenotype, knockdown of sox11 caused a
delay in lens formation and incomplete closure of the optic
fissure, or coloboma. These phenotypes could be rescued
by co-injection of either zebrafish sox11 or human sox11
mRNA.
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Conclusions: Our results suggest that the transcriptional
regulators Sox11 and Insm1 are required for proper
differentiation of rod photoreceptor cells. Sox11 also appears
to play a role in lens development and is required for proper
closure of the optic fissure. Studies are ongoing to determine
the mechanism of the optic fissure closure defect in sox11
morphants, as well as to define the photoreceptor specific
targets of Sox11 and Insm1 transcriptional regulation.
Finally, our rescue experiments with human sox11 mRNA
demonstrate that the functions of this transcription factor
during eye development are likely to be conserved across
vertebrates.

1

Institute of Molecular Life Sciences, University of Zurich,
2
Zurich, Switzerland, Max Planck Institute for Medical
Research, Heidelberg, Germany
Two parallel visual streams, the ON and OFF pathway,
detect increments and decrements of light, respectively. The
inhibition of ON bipolar cells is mediated by a signal
transduction cascade activated upon binding of glutamate to
the metabotropic glutamate receptor mGluR6. This leads to
the closure of a constitutively open cation channel, the
transient receptor potential channel TRPM1. Nevertheless,
studies in teleosts suggest an involvement of excitatory
amino acid transporters, EAATs, in mediating the ON
response. We use the zebrafish to elucidate if mGluR6 and
EAAT signaling play distinct roles in the rod and cone ON
pathway, respectively.
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spectral model that takes into account the shapes of
zebrafish cone pigments, L-type responses to blue and UV
stimuli are shown to result only from stimulation of the shortwavelength absorbance limbs of red and green cones. L1
and L2 type cells are part of a distribution. L1 types show a
balance of red and green cone signals. L2 cells
hyperpolarize predominantly in response to red cone
stimulation. Zebrafish HCs are cone selective. H1 cells
contact red, green and blue cones; H2 cells contact green
blue and UV cones; H3 cells contact only blue and UV cones
(Li et al, 2009). H1 cells are L1 and L2 types and send a
feedback signal selectively to blue cones. H2 cells then
become monophasic opponent types because there is
opponent red cone feedback to blue cones through the L1
circuit, and no countervailing direct red cone synapse. H3
cells service the short wavelength multiphasic types. HCs
probably induce at least blue-cone color opponency in most
vertebrates including primates (Packer et al, 2010). The
failure of mammalian HCs to reveal this color opponency
would appear to reflect the less selective HC cone circuitry
of mammals.

Comparative phylogenetic analyses identified zebrafish
orthologs of the mammalian mGluR6, TRPM1, and EAAT
genes.
RNA
in
situ
hybridization
(ISH)
and
immunhistochemistry revealed gene expression and protein
localization in the zebrafish retina, respectively. The injection
of morpholino antisense oligonucleotides was used for loss
of function studies.
We identified two zebrafish orthologs of the mammalian
mGluR6 and TRPM1 gene, respectively. ISH analysis
revealed that both zebrafish mglur6 genes, mglur6a and
mglur6b, are expressed in the inner nuclear layer and
ganglion cell layer of the adult and larval zebrafish retina.
Expression of the two TRPM1 orthologs, trpm1a and trpm1b,
was found in the inner nuclear layer, as well. One paralog,
trpm1a, is additionally expressed by a subset of
photoreceptors in adult zebrafish. Co-expression studies
proved that mglur6s and trpm1s are expressed by ON
bipolar cells. Regarding ISH analyses of zebrafish eaats, we
found expression of eaat5b and eaat7 in the inner nuclear
layer, whereas eaat2b, eaat5a, eaat6a, and eaat6b are
expressed in photoreceptors. Immunohistochemical analysis
confirmed the presence of mGluR6b, EAAT5b, and EAAT7
at the first retinal synapse, however no specificity for the rod
or cone pathway was observed. Knockdown experiments of
mGluR6b and EAAT7, respectively, revealed a decreased
ON response measured by electroretinogram recordings.
Double knockdown of both genes showed further decrease
of the ON response but not a complete elimination.
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TUMOR NECROSIS FACTOR-ALPHA IS A SIGNAL FROM
DYING PHOTORECEPTORS TO INITIATE MÜLLER GLIA
PROLIFERATION IN THE REGENERATING ZEBRAFISH
RETINA

The mGluR6 signaling cascade is conserved in zebrafish ON
bipolar cells. Moreover, our findings indicate that mGluR6
and EAAT7 mediated pathways are both involved in the
generation of the ON response in the cone dominated, larval
zebrafish retina. However, we suppose the participation of
another glutamate receptor, since a complete loss of the ON
pathway has not been achieved after double knockdown.

C.M. Nelson, K. Ackerman, P. O'Hayer, F. Raycroft, D.R.
Hyde
Biological Sciences, University of Notre Dame, Notre Dame,
IN, USA
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Constant intense light causes photoreceptor apoptosis in
dark-adapted albino zebrafish. Subsequently, Müller glia
increase expression of transcription factors Signal
transducer and activator of transcription 3 (Stat3) and
achaete-scute complex-like 1a (Ascl1a), which are
necessary for Müller glia proliferation. The dividing Müller
glia yield undifferentiated transiently amplifying neuronal
progenitor daughter cells, which migrate to the ONL and
differentiate into functional and integrated photoreceptors.
The mechanisms that induce Müller glia to reenter the cell
cycle and initiate regeneration of photoreceptors are
unknown.
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SPECTRAL RESPONSES OF HORIZONTAL CELLS IN
ZEBRAFISH RETINA
R. Nelson
National Institutes of Neurological Disorders and Stroke,
National Institutes of Health, Rockville, MD, USA
Horizontal cells (HCs) are the conduit for both local and long
range interactions between photoreceptors within retinal
outer plexiform layer. HC 'feedback' signals adjust
photoreceptor synaptic gain, enriching not only HC
physiology but that of cones and bipolar cells. In the
process, color opponency is generated. Investigations of
zebrafish HCs reveal six spectral configurations; four are
color opponent. The most elaborate is the tetraphasic
response, with three spectral null points. This HC is
depolarized by UV light, hyperpolarized by blue, depolarized
by blue-green, and hyperpolarized by yellow and red.
Spectral analysis shows that tetraphasic types are
depolarized by both green and UV cones, and
hyperpolarized by red and blue cones. Like other fish,
zebrafish has triphasic responses, but there are two types,
one hyperpolarized primarily by UV cones and the other
hyperpolarized primarily by blue cones. Both triphasic HCs
depolarize with green cone stimulation, and hyperpolarize
with red cone stimulation. The zebrafish biphasic HCs are
depolarized by red cones and hyperpolarized by both blue
and green cones. Zebrafish L-type HCs hyperpolarize in
response to input from both red and green cones, but are
little influenced by blue and UV cone signals. When
response amplitudes at different wavelengths are fit by a

We determined that a light-damaged retinal homogenate,
collected during maximal photoreceptor apoptosis, contains
a factor that stimulates Müller glia proliferation when
intravitreally injected into undamaged eyes. Proteomic
analysis revealed that light-damaged retinal homogenates
contained increased levels of tumor necrosis factor α (TNFα)
signaling molecules relative to undamaged retinal
homogenates. We determined that TNFα expression
colocalized with apoptotic photoreceptors and later with
proliferating Müller glia. Morpholino-mediated knockdown of
TNFα expression revealed that it is required for increased
expression of Ascl1a and Stat3 in Müller glia and reentry of
the Müller glia into the cell cycle. We also identified three
populations of Müller glia: 1) Stat3-positive non-proliferating
Müller glia, 2) Stat3-independent proliferating Müller glia,
and 3) Stat3-dependent proliferating Müller glia. It appears
that TNFα expression in the dying photoreceptors induces
the Stat3-independent proliferating Müller glia (class 2) and
the TNFα expression in the Muller glia induces the Stat3dependent proliferating Müller glia (class 3).
Müller glia also increase their expression of the tumor
necrosis factor receptor superfamily member a (TNFRSFa),
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meshwork (TM) and the Schlemm's canal (SC) endothelium.
We have recently shown that stiffness of the SC endothelial
cell is dynamic, changing in response to drugs. Moreover,
those drugs that cause outflow resistance to increase also
cause SC cell stiffness to increase, and conversely (Zhou et
al. 2011, Journal of the Royal Society, Interface. DOI:
10.1098). These findings suggest a novel mechanism by
which the SC cell can contribute to elevated outflow
resistance, namely, by becoming stiffer (and thereby
impeding giant vacuole and pore formation). But in POAG,
what factors might cause the SC cell to become stiffer? The
ECM stiffness of the TM in glaucomatous eyes has been
reported to be stiffer than normal by as much as 20-fold
(Last et al. 2011, IOVS. DOI:10.1167). We mimicked this
stiffened microenvironment in vitro by culturing SC cells on
polyacrylamide gels with varied substrate stiffness. The
substrate stiffness was controlled by tuning crosslinker
concentration and quantified using atomic force microscopy.
Cell stiffness was measured using optical magnetic twisting
cytometry (OMTC). We observed that an increase in
substrate stiffness from 1.1 kPa to 34.4 kPa (Young's
modulus) resulted in an increase in SC cell stiffness by up to
3 fold, which was accompanied by cytoskeletal
reorganization (Fig. 1) and a dramatic increase in fibronectin
deposition (data not shown). Our results highlight the need
to better understand the phenotypic changes of TM and SC
cells caused by elevated ECM rigidity. Such phenotypic
changes may participate in the obstruction of aqueous
humor outflow, ultimately leading to ocular hypertension.

following light damage. Co-immunopurification assays
demonstrated that TNFRSFa physically interacts with both
TNFα and Stat3 during regeneration. Results from the
morpholino-dependent knockdown of TNFRSFa protein
expression will also be presented. We believe these results
demonstrate that TNFα signaling plays a critical role in
initiating regeneration of the light-damaged zebrafish retina.
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Vascular endothelial cells are continuously exposed to wall
shear stress (WSS) generated by blood flow, respond to it,
and change their morphology and function to regulate blood
flow and maintain tissue homeostasis. In retina, the
arteriovenous distribution of physiological WSS is higher
than in other organs (Nagaoka T. IOVS, 2006). Moreover we
found that the retinal blood flow (RBF) and the shear rate (an
index of WSS) decreased in the retinal arterioles of patients
with type 2 diabetes with no and mild retinopathy, suggesting
that a decrease in RBF and WSS may be associated with
endothelial dysfunction of the retinal arterioles in diabetic
patients (Nagaoka T. IOVS, 2010). Therefore, we
investigated the effects of WSS on gene expression in
cultured human retinal microvascular endothelial cells
(HRMECs). HRMECs were exposed to various magnitudes
2
(0 ~ 100 dyne/cm ) and durations (0 ~ 48 hours) of laminar
WSS using a parallel-plate flow system. The mRNA
expressions of endothelial nitric oxide synthase (eNOS),
endothelin-1 (ET-1), and thrombomodulin (TM) in HRMECs
were evaluated using real-time RT PCR. The HRMECs
elongated and aligned parallel with the flow direction in
magnitude- and time-dependent manners. The expression of
eNOS mRNA gradually increased and became saturated at
2
60 dyne/cm ; ET-1 mRNA expression increased at 1.5
2
dyne/cm but decreased below that of the static control at 30
2
dyne/cm or higher. TM mRNA expression increased linearly
2
2
from 0 to 100 dyne/cm . Furthermore, 60 dyne/cm for 6
hours or more promoted eNOS and TM mRNA expression
but suppressed ET-1 mRNA expression (Ishibazawa A.
IOVS, 2011). These results suggest that WSS may be
associated with the vasoregulatory and antithrombotic
properties of retinal vessels under physiological conditions in
retinal circulation. The relationships among WSS and the
gene expressions of eNOS, ET-1, and TM might help to
clarify the pathogenesis of impaired retinal circulation.

[Cytoskeleton of SC cells on soft and stiff]
Fig. 1. Cytoskeletal morphology of SC cells on soft and stiff
substrates.
Acknowledgement: This research was
EY019696-01 (M.J., W.D.S. and J.J.F.).

supported

by

COI/Financial disclosure: Nothing to disclose
O124

COI/Financial disclosure: Nothing to disclose

MECHANOSENSITIVE SIGNALING TRIGGERS ATP
RELEASE FROM ISOLATED RETINAL GANGLION
CELLS AND OPTIC NERVE HEAD ASTROCYTES; A LINK
TO INFLAMMATION?

O123

W. Lu , J. Lim , J. Xia , J. Beckel , C.H. Mitchell
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Anatomy and Cell Biology, Physilogy, University of
Pennsylvania, Philadelphia, PA, USA

RESPONSES OF SCHLEMM'S CANAL ENDOTHELIAL
CELLS TO STIFFENED ECM SUBSTRATE
1

1

Purpose: The mechanical strains induced by increased
intraocular pressure (IOP) can lead to dysfunction and death
of cells in the back of the eye. We previously demonstrated
that increased IOP triggers a release of ATP from the retina.
In this study we examined the mechanosensitive ATP
release from retinal ganglion cells (RGCs) and rat optic
nerve head astrocytes (RONHA), the upstream signals and
downstream consequences of this release.

1

E.H. Zhou , W.D. Stamer , Q.N. Dang , J.H. Kim , K.M.
2
1
3
1
Perkumas , D.J. Tschumperlin , M. Johnson , J.J. Fredberg
1

Environmental Health, Harvard School of Public Health,
2
Boston, MA, Duke Eye Center, Duke University School of
3
Medicine, Durham, NC, Biomedical Engineering and
Ophthalmology, Northwestern University, Evanston, IL, USA
Those with primary open angle glaucoma (POAG) often
have ocular hypertension, which results from obstructed
outflow of aqueous humor (AH) through the trabecular

Methods: Mechanical strain to RONHA or isolated RGCs
was applied by stretching cells in custom designed chamber
41

or by hypotonic swelling. Released ATP levels were
determined using the luciferin-luciferase assay. Gene
expression was confirmed by q-PCR methods. Whole cell
patch clamping of RGCs was performed using standard
techniques. Cytokine release was determined using a rat
antibody cytokine array and levels of IL-3 validated with a
sandwich ELISA.

Funding: This research was supported by a grant from the
National Institute of Health, Grant number: NIH EY009532.
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Results: Stretching or swelling optic nerve head astrocytes
led to ATP release. The mechanosensitive ATP release from
RONHAs was inhibited by pannexin inhibitors probenecid
(1mM) and carbenoxolone (10µM); message for pannexin 1
was present in the astrocytes. The ROCK inhibitor GSK
269962 (0.1-10 µM) also reduced ATP release, suggesting
the kinase activity upstream from the pannexins. Stretching
or swelling isolated RGCs also triggered a release of ATP
that was sensitive to pannexin channel blockers; message
for pannexin 1 was also present in RGCs. Patch clamp
experiments indicated that mechanosensitive ATP release
autostimulated P2X7 channels on the ganglion cells. This
autostimulation triggered cytokine release from the RGCs,
with release of IL-3 being most abundant.

MODULATION OF STRAIN INDUCED EXTRACELLULAR
MATRIX RESPONSE IN LAMINA CRIBROSA CELLS OF
THE HUMAN OPTIC NERVE HEAD
1

1

1

1,2

B. Quill , D.M. Wallace , N. Docherty , C. O'Brien
1

Ophthalmology, Institute of Ophthalmology,
Ophthalmology, Unviversity College Dublin, Dublin, Ireland

2

Introduction: In-vitro cyclic mechanical strain of GFAP
negative lamina cribrosa (LC)cells activates an extracellular
matrix (ECM) remodelling response, implicating this cell type
in optic nerve head (ONH) remodelling in glaucoma.
Increased basal calcium, an important molecule in both cell
signalling
and
mechanotransduction,
has
been
demonstratedin LC cells from glaucomatous ONH (GLC).

Conclusions: Astrocytes and RGCs are both independently
capable of mechanosensitive ATP release via pannexin
channels. In astrocytes, the mechanosensor is likely
upstream and release requires ROCK activity. In RGCs,
released ATP autostimulates P2X7 receptors to enable ion
flux and cytokine release. Together, these findings suggest
purinergic signaling can link the mechanical strain of
glaucoma with an inflammatory response.

Purpose: The aim of this work was to determine the profile
of ECM genes in normal LC cells (NLC) under varying
conditions of mechanical strain using a new in-vitro strain
model. We also sought to investigate the differences
between GLC and NLC cells in maintaining calcium
homeostasis. Finally, we attempted to modify the straininduced expression of profibrotic genes using the calcium
channel blocker verapamil.

COI/Financial disclosure: Nothing to disclose

Results: In this work we present a refined in-vitro model of
mechanical strain induced pro-fibrotic activation of LC cells.
The approach allowed for delineation of sequential changes
in gene expression that occur with increasing strain above a
non-static baseline.The induction of ECM genes involved in
ECM dynamics by LC cells in vitro occurs at levels of strain
exceeding baseline strain by 4-fold (over 12.5% strain).
Preconditioning LC cells, with a low level of cyclic strain,
results in increased levels of strain being required to induce
a detectable ECM response. We describe for the first time
that glaucoma LC cells display a significant abnormality in
Ca2+ entry, re-uptake, and extrusion correlating with
elevations of cytosolic Ca2+. Finally, we have provided
evidence of, the ability of, the calcium channel blocker,
verapamil, to modulate the stretch induced ECM response of
LC cells.

O125
TRPV4 IN PORCINE LENS EPITHELIUM REGULATES
HYPOSMOTIC STRESS-INDUCED ATP RELEASE AND
NA,K-ATPASE ACTIVITY
M. Shahidullah, A. Mandal, N.A. Delamere
Physiology, University of Arizona, Tucson, AZ, USA
In several tissues TRPV4 channels are involved in the
response to hyposmotic challenge. Here we report evidence
for TRPV4 protein in porcine lens epithelium and its role in
hyposmotic stress-induced ATP release. The TRPV4
antagonist HC 067047 prevented hyposmotic solution (200
mOsm)-induced ATP release with an IC50 of 2.5 µM. A
second TRPV4 antagonist RN 1734 (10µM) completely
prevented ATP release by lenses exposed to hyposmotic
solution. Lenses exposed to a TRPV4 agonist,
GSK1016790A (GSK) in isosmotic solution (300 mosm), and
lenses exposed to hyposmotic solution displayed ATP
release and an increased ability of propidium iodide (PI)
(MW 668) to enter the epithelium. The increases in PI uptake
and ATP release both were abolished by a mixture of agents
that block connexin and pannexin hemichannels, 18αglycyrrhetinic acid (AGA, 100µM) and probenecid (1mM). An
increase in Na,K-ATPase activity was detected in the
epithelium of lenses exposed to GSK and the response was
prevented by AGA + probenecid. TRPV4 antagonists
prevented the activation of Src family kinase and increase of
Na,K-ATPase activity that occurred in the epithelium of
lenses exposed to hyposmotic solution. In cultured porcine
lens epithelium TRPV4 antagonists (RN 1734 or HC 067047)
prevented the increase of cytoplasmic calcium elicited by
hyposmotic solution or by TRPV4 agonist GSK in isosmotic
solution. The findings are consistent with hyposmotic shockinduced TRPV4 channel activation which triggers
hemichannel-mediated ATP release. The results point to a
pivotal role for TRPV4 activation as an initial event in a multistep response of the lens to hyposmotic stress.

Conclusion: This work supports the claim that an inherent
difference exists between normal and disease states in LC
cells. We have furthered our knowledge of the strain
required to induce a response from these cells. We also
have substantiated our labs claims of increased basal
calcium levels and altered calcium homeostasis gene
expression in GLC cells. This is the first work to describe the
potential therapeutic role of the calcium channel blocker
verapamil in the treatment of the LC fibrotic changes seen in
glaucoma.
COI/Financial disclosure: American Health Assistance
Foundation Grant
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COMPOSITION AND PROTEOLYTIC PROCESSING OF
CORNEAL DEPOSITS ASSOCIATED WITH MUTATIONS
IN THE TGFBI GENE
1

2

2
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1

accumulation of mutant TGFBIp (mut-TGFBIp) in cathepsin
D and microtubule-associated protein light chain 3 (LC3)enriched cytosolic vesicles occurred in primary cultured
GCD2 corneal fibroblasts. Levels of LC3 II, a marker of
autophagy activation, were significantly increased in GCD2
corneal fibroblasts. Nevertheless, levels of p62 and of
polyubiquitinated protein were also significantly increased in
GCD2 corneal fibroblasts compared to normal cells.
However, LC3 II levels did not differ significantly between
normal and GCD2 cells, as assessed by the presence of
bafilomycin A1, the fusion blocker of autophagosomes and
lysosomes.Likewise, bafilomycin A1caused a similar change
in levels of p62. Thus, the accumulation of autophagosomes
containing mut-TGFBIp may be due to inefficient fusion
between autophagosomes and lysosomes. Rapamycin, an
autophagy activator, increased elimination of accumulated
mut-TGFBIp, whereas inhibition of autophagy increased
active caspase-3 and reduced the viability of GCD2 corneal
fibroblasts compared to normal controls. These data suggest
that defective autophagy may play a critical role in the
pathogenesis of GCD2.

Institute of Chemical Engineering, Biotechnology and
Environmental Technology, Faculty of Engineering,
2
University of Southern Denmark, Odense M, Center for
Insoluble Protein Structure, Aarhus University, Aarhus,
3
Denmark, Departments of Pathology and Ophthalmology,
Duke University Medical Center, Durham, NC, USA,
4
Department of Biochemistry and Molecular Biology,
University of Southern Denmark, Odense M, Denmark
Background and aims: Specific mutations in the
transforming growth factor beta induced (TGFBI) gene are
associated with different types of granular corneal dystrophy
(GCD) and lattice corneal dystrophy (LCD). GCDs are
characterized by accumulation of non-amyloid crystalloid
aggregates in the cornea while LCD type 1 and its variants
are defined by deposition of corneal amyloid. We have
previously investigated the composition and proteolytic
processing of corneal amyloid and typical non-amyloid
granular deposits from individuals with a variant of LCD type
1 (TGFBI mutation V624M) and GCD type 2 (TGFBI
mutation R124H), respectively. Recently, we have also
performed an in-depth proteomic analysis of corneal amyloid
deposits from another variant of LCD type 1.

COI/Financial disclosure: This work was supported by the
National Research Foundation of Korea(NRF) grant funded
by the Korea government(MEST) (No. 2011-0028699).

Methods: Corneal amyloid deposits and amyloid-free
stroma were procured by laser capture microdissection from
an individual with the LCD type 1 variant. Both types of
tissue samples and healthy human cornea stroma were
analyzed by LC-MS/MS and the identified endogenous
proteins were relatively quantified and compared between
the tissue samples. In addition, the mass spectrometry data
were further compared for detection of non-tryptic cleavages
in transforming growth factor beta induced protein (TGFBIp).

O129
EVERYTHING YOU ALWAYS WANTED TO KNOW
ABOUT TGFBI* (*BUT WERE AFRAID TO ASK)
C. Yuan
Ophthalmology, University of Minnesota, Minneapolis, MN,
USA

Results: We have identified five proteins which are
abundant and specifically enriched in the corneal amyloid
deposits compared to the healthy cornea. In addition, the
proteomic analyses revealed accumulation of a specific
fragment of TGFBIp in the amyloid deposits suggesting that
this sequence contains the amyloid core of TGFBIp.
Numerous non-tryptic cleavages were identified in TGFBIp
from the amyloid deposits.

Background and aims: Mutations of TGFBI gene have
been linked to a group of stromal corneal dystrophies
characterized by abnormal protein deposits and, in some
cases, by chronic epithelial erosion. While the genetic
etiology of disease-causing mutations is well established, the
underlying pathogenic mechanism remains unknown. In this
study, we address the following questions:

Conclusion: The corneal amyloid deposits accumulate a Cterminal fragment of TGFBIp and several proteins
associated with other misfolding disorders. Furthermore, the
identified in vivo cleavages in TGFBIp are in good
accordance with previous results. In conclusion, the results
shed light on the proteolytic processing of amyloidogenic
TGFBIp in LCDs.

(1) Why is TGFBIp prone to aggregation?
(2) Which molecular properties of dystrophic mutants
contribute to the pathogenic mechanism?
(3) What therapeutic tools are available to treat these
aggregations?
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Methods: In silico analyses were used to identify
amyloidogenic motifs in TGFBIp. Fluorescence spectroscopy
and quenching experiments were used to compare the
conformation and stability of recombinant WT TGFBIp to two
mutants, R124C and R555W. We tested the feasibility of
using synthetic peptides and anti-fibril chemicals to prevent
amyloidogenic peptides and recombinant TGFBIp from
forming fibrils. Finally, we investigated inhibitors targeting
TGFBIp biosynthesis.

O128
IMPAIRED AUTOPHAGY AND TRANSFORMING
GROWTH FACTOR BETA-INDUCED PROTEIN
ACCUMULATION IN GRANULAR CORNEAL
DYSTROPHY TYPE 2
E.K. Kim, S.-I. Choi

Results: Various amyloidogenic motifs were identified with
in silico analyses and validated by chemical labeling and
fibrillogenesis in vitro. While far-UV circular dichroism
spectra indicated that WT and the two mutant TGFBIp have
similar secondary structures, fluorescence spectroscopy
results suggest small structural perturbations to the
conformations of R124C and R555W. Denaturation
experiments, complemented by ANS fluorescence
spectroscopy, revealed the dystrophic mutants are less
stable than WT TGFBIp. The dystrophic mutants produced
more fibrils compared to WT under conducive conditions.
Synthetic peptides and anti-fibril chemicals effectively
reduced the fibril formation of the amyloidogenic peptides

Yonsei University, Seoul, Republic of Korea
Granular corneal dystrophy type 2 (GCD2) is an autosomal
dominant disease characterized by aprogressiveagedependent extracellular accumulationsof transforming
growth factor beta induced protein (TGFBIp). Corneal
fibroblasts from GCD2 patients also have progressive
degenerative features, but the mechanism underlying this
degeneration remains unknown. Here we observed that
GCD2
homozygous
corneal
fibroblasts
displayed
intracellular TGFBIp accumulations and a greater number of
fragmented mitochondria. We also found that TGFBIp is
degraded
by
autophagy,
but
not
by
the
ubiquitin/proteasome-dependent pathway. Most notably,
43

and TGFBIp. The expression of TGFBIp was significantly
suppressed with the inhibitor treatment.

O131
THE ROLE OF CHARGED RESIDUES ON AMYLOID
FORMATION OF TGFΒIP-DERIVED MODEL PEPTIDES

Conclusion: Our results suggest distinct molecular
properties of dystrophic mutants that may contribute to the
phenotypic amyloid fibril and/or amorphous aggregations.
While in vitro study of the fibril-suppressing agents shows
great therapeutic potential, animal models are desperately
needed for testing these strategies to develop feasible
treatments in vivo.

R. Lakshminarayanan, S.S. Chaurasia, J.S. Mehta, R.W.
Beuerman
Singapore Eye Research Institute, Singapore, Singapore
Mutations in the transforming growth factor β-induced protein
(TGFβIp) are responsible for a group of inherited corneaspecific disorder, corneal dystrophies. The mutant proteins
form insoluble protein aggregates thus affecting the visual
acuity. We will present a comprehensive list of pathogenic
mutations reported for the TGFβIp-associated corneal
dystrophies.

COI/Financial disclosure: The study was supported in part
by: Eye Bank of America Association, Research to Prevent
Blindness, Minnesota Medical Foundation, Fight For Sight
Inc. and National Eye Institute, National Institutes of Health.
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TGFβIp is 68 kD protein and contains four tandem repeats of
fasciclin 1 like (FAS 1) domains. We have recently reported
a 23 residue peptides encompassing the C-terminus of the
611
633
4th FAS1 domain (E -Q ). The wild type peptide form
amyloid fibrils under physiological conditions and possess a
overall net charge of -3. We probed the effect of positively
charged residues on the conformational transition and the
kinetics of amyloid formation.

MOLECULAR THERAPIES FOR CORNEAL STROMAL
DYSTROPHY
A.J.W. Huang
Ophthalmology and Visual Sciences, Washington University
School of Medicine, Saint Louis, MO, USA
Purpose: Mutations of the TGFBI gene on human
chromosome 5q31 have been linked to various types of
inherited corneal epithelial or stromal dystrophies
characterized by the abnormal deposits of amyloid fibrils
and/or non-amyloid aggregations in corneal tissue. We
summarized our previous reports on the potential use of
methylated peptides (meptides) and small interfering RNAs
(siRNAs) to suppress the aggregation or expression of
TGFBIp (transforming growth factor inducible protein) in
vitro.

The wild type peptide transformed from an initial random coil
structure into a β-sheet conformation, the pathological
hallmark of amyloid fibrils, in 5 weeks. Replacing M619 and
N622 with lysine accelerated the conformational transition.
Peptide in which G623 replaced with arginine converted into
amyloidogenic conformation in two days whereas H626
replaced with arginine displayed the slowest rate of
conversion (8 weeks).
Thioflavin T (ThT) assay indicated that the kinetics of
amyloid
formation
follows
the
order
G623R>M619K>N622H>N622K>H626R ≈ wild type. The
rate of amyloid formation is correlated with β-aggregation
propensity estimated from TANGO algorithm. Transmission
electron microscopy confirmed the formation of amyloid
fibrils in all the peptides. These results suggest that
substitution of positively charged residues in an unfolded
peptide accelerated the amyloid formation.

Methods: Synthetic peptides containing either native or nmethylated amino acid (a.a.) residues of 515-532 of TGFBIp
(or keratoepithelin, KE) were produced to investigate the
formation of amyloid fibrils in vitro. Amyloid fibrils were
characterized by thioflavin T (ThT) fluorescence assay,
Congo red staining, electron microscopy (EM) and circular
dichroism (CD). cDNAs of human TGFBI gene were
amplified by polymerase chain reaction and subcloned into
pEGFP-N1 to produce fluorescence-generating fusion
proteins. Short hairpin RNAs (shRNAs) were generated from
an RNA polymerase III promoter-driven vector (pH1-RNA).
Transformed HEK293 were co-transfected via liposomes
with KEpEGFP and respective shRNA-generating plasmids
to evaluate the suppression efficacy of shRNAs.
Suppression of KE-EGFP fusion protein by KE-specific
shRNAs was evaluated by fluorescence microscopy and
western blotting.

Thermal denaturation of amyloid fibrils formed by all the
peptides (except G623R) displayed irreversible transition
i.e., converted into a non-amyloidogenic random coil
structure after heating up to 95 °C. However, amyloid fibrils
formed by G623R model peptide display considerable
reversibility i.e., retains considerable amyloidogenic
conformation after heating up to 95 °C.Addition of amyloid
inhibitor, decreased the rate of amyloid formation of wild type
peptide whereas no effect was observed for the G623R
peptide.

Results: A synthetic peptide containing a.a. 515-532 of
native TGFBIp can readily

Using recombinant expression, we have successfully purified
and characterized the 4th FAS 1 domain of TGFβIp and 4
pathogenic mutants which have altered overall net charge.
We will discuss the biophysical properties of the wild type
and the mutant proteins in detail.

form amyloid fibrils in vitro. Short synthetic peptides (a.a.
515-525) with triple n-methylation prevented the TGFBIp
aggregation and dissolved the pre-aggregated fibrils. One
shRNA (targeting the coding sequence starting at 1,528 bp
of TGFBI) reduced the expression of KE-EGFP in HEK293
cells approximately by 50% whereas the other shRNA
(targeting the 3´-UTR region of TGFBI) suppressed more
than 80% of the expression of fusion protein.
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Conclusions: Our results suggest that methylated peptides
were effective in suppressing the aggregation of TGFBIp,
whereas TGFBI-specific shRNAs effectively suppressed the
expression of recombinant TGFBIp in vitro. Meptides and
siRNAs may have future therapeutic implications for
TGFBIp-related corneal dystrophies.

STRUCTURAL CHARACTERIZATION OF THE
TRANSFORMING GROWTH FACTOR BETA INDUCED
PROTEIN AND ITS RELATION TO CORNEAL
DYSTROPHIES
1
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number of cells in the epithelium falls during the first few
weeks of life (from 50,000-40,000 cells) despite the fact that
the area covered by the epithelium increases significantly
during this period as a result of lens growth. Region-specific
mitotic index rates were computed and used to construct a
stochastic model of lens epithelial cell proliferation and
migration. In our model, which we call the “coin pusher”,
mitotic pressure in the germinative region drives cells from
the epithelial compartment into the fiber cell compartment.
The model implies that epithelial cells migrate toward the
equator at ever increasing velocities and that individual cells
undergo multiple divisions before differentiating. The latter
phenomenon leads to the deposition of fiber cell clones in
the body of the lens. This prediction was tested and
confirmed using induced expression of GFP as a lineage
marker. The “coin pusher” model may provide an
explanation for the cuneiform opacities often observed in
human cortical cataracts.

Center for Insoluble Protein Structures (inSPIN), Aarhus
2
University, Aarhus, Institute of Chemical Engineering,
Biotechnology and Environmental Technology, University of
3
Southern Denmark, Odense M, Denmark, Departments of
Pathology and Ophthalmology, Duke University Medical
Center, Durham, NC, USA
Background and aims: With more than 40 different
disease-causing mutations, the transforming growth factor-β
induced protein (TGFBIp) is an extremely fascinating protein
from a structural and biophysical point of view. The TGFBIlinked corneal dystrophies are characterized by an
accumulation of misfolded TGFBIp in the sub-epithelial and
stromal regions of the cornea. These aggregates have been
found to be of either amorphous (granular corneal dystrophy)
or amyloid (lattice corneal dystrophy) phenotypes,
suggesting that different mechanisms of aggregation are
involved. In order to obtain insight into these mechanisms,
we undertook a biophyscial and structural study of native
TGFBIp as well as of a number of disease-causing mutants.

COI/Financial disclosure: Funded by NIH grant EY09852
and EY002687 (SB)

Methods:
Using
transverse
urea-gradient
gel
electrophoresis, circular dichroism spectroscopy we
determined the relative stabilities of wild-type and mutant
TGFBIp and of the fourth FAS1 domain (FAS1-4) of TGFBIp.
Limited proteolysis was used to identify the core region of
A546T FAS1-4 fibrils. Nuclear magnetic resonance
spectroscopy was used to determine the three-dimensional
structures of WT and mutant FAS1-4.

O134
PAX6 REGULATES GENE EXPRESSION IN THE LENS
THROUGH MICRORNA-204
1

Results: Our results demonstrate that mutations in the
FAS1-4 domain lead to considerable changes in TGFBIp
stability. Significantly, we found that this behavior is mirrored
when studying the FAS1-4 domain in isolationsuggesting
that the FAS1-4 domain can be used as a model for TGFBIp
stability and aggregation.

2

Background and aims: During development, transcription
factors regulate networks of protein-coding and non-coding
genes in a highly dynamic pattern to promote specification
and terminal differentiation. Pax6, a member of the PAX
gene family, is one of the most extensively investigated
developmental regulators. Pax6 is known to activate
transcription of myriad genes at different stages of
development in the eye, central nervous system and
pancreas. Recent studies have shown a dual role for Pax6
as an activator and repressor of gene expression. These
activities may shift over time, from activation to repression of
the same target gene. During embryonic development, Pax6
is known to activate several target genes through direct
binding to cis-regulatory regions. Little is known about the
mechanism of Pax6-dependent gene repression. The aim of
the current study was to identify the gene network regulated
by Pax6 in the embryonic lens and to shed light on
mechanisms of Pax6 inhibition of gene expression.

Conclusions: Our newly gained insight into the structures of
mutant FAS1-4 gives us important clues to the mechanisms
of aggregation responsible for TGFBIp deposition in the
cornea. We believe that this will prove valuable in rational
design of compounds to inhibit TGFBIp aggregation in vivo.
COI/Financial disclosure: This work was supported by
grants from the National Eye Institute (R01 EY012712) and
the Danish National Research Foundation

Methods: A high-throughput expression microarray was
performed on RNA extracted from lenses of embryonic day
14.5 (E14.5) from controls and embryos carrying a somatic
loxP/loxP
;Mlr10-cre). The expression of
mutation in Pax6 (Pax6
putative targets was validated by in situ hybridization and
antibody labeling. Electrophoretic mobility shift assay
(EMSA) and chromatin immunopercipitations (ChIP) were
performed to determine direct binding of Pax6 to regulatory
sequences. MicroRNA activity was tested using luciferase
assays in cell culture.
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THE “COIN PUSHER”: A STOCHASTIC MODEL OF LENS
GROWTH
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For the amyloid fibril-forming mutant A546T we have
identified a protease resistant core (the fibril core), which is
essential for the dense assembly of protein material
characteristic for amyloid fibers.
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By solving the three-dimensional structures of wild-type
FAS1-4 and of the prevalent R555W mutant we were able to
explain a previously observed change in stablity at the
molecular level.
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Results: Unbiased analysis of the genes that are altered in
the Pax6-deficient lens revealed an abundance of upregulated genes subsequent to Pax6 deletion, implicating
direct or indirect inhibitory activity for this transcription factor.
Here, we identify a mechanism by which Pax6 negatively
modulates gene expression through a novel direct
transcriptional target, Trpm3, which harbors the micro RNA
gene miR-204. Pax6 is found to directly regulate Trpm3 and
miR-204 in various eye tissues. In addition, we identified

The life-long growth of vertebrate lenses is fueled by
proliferation of cells in the anterior epithelium. The
spatial/temporal pattern of epithelial cell mitosis is poorly
understood and the existence of tissue stem cells continues
to be debated. We have used a combination of 3dimensional imaging and S-phase labeling to obtain a more
comprehensive view of population dynamics in the mouse
lens epithelium. Surprisingly, this analysis indicated that the
45

Sox11 as a novel target for miR-204 in lens and retinal
progenitors.

is currently generating a series of transgenic zebrafish lines,
each one responsive to specific signaling pathways which
are active during vertebrate development. These lines allow
a 4D analysis of signaling events by in vivo color-based
visualization of tissues and organs responding to a specific
pathway at a given time point. At present, we are validating a
group of fish lines expressing green or red fluorescent
proteins when the following pathways are activated: Wnt,
Bmp, Tgf-beta, Shh, Notch, cAMP, Stat3 and Hypoxia. Our
goal is to analyze these lines in relation to eye formation,
and in particular to lens development. This task will be
performed by time-lapse confocal microscopy focused on the
eye region, as well as by fluorescent whole-mount in situ
hybridization with lens markers combined with probes for the
signaling reporters. The same transgenic lines will be also
pharmacologically targeted as well as crossed with available
lens-specific mutants.

Conclusions: This study is the first to reveal that miRNAs
are part of the Pax6 gene network, adding to the repertoire
of activities mediated by this gene in the course of organ
development in mammals.
COI/Financial disclosure: Nothing to disclose
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REGULATION OF LENS DEVELOPMENT VIA NOTCH
SIGNALING
1,2
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Cincinnati, OH, USA

This detailed dissection of specific time points and
anatomical districts, where single or multiple signals are
activated during eye formation and lens development, will
help to simultaneously evaluate multiple roles and cross-talk
of the pathways involved. This approach will also shed light
on current knowledge about micro-environmental factors,
whose role in eye formation and lens development is still
poorly characterized or controversial.

Notch signaling is an essential component of lens
development in mammals, with multiple genes in this
pathway required for lens vesicle separation, progenitor cell
growth, fiber cell differentiation or to block inappropriate cell
death. The loss of Notch signaling induces severe
microphthalmia, reduced to missing pupillary openings,
abnormal fiber cell morphology, loss of the anterior
epithelium and/or denucleation defects. A Jag1-Notch2Rbpj-Hes1 mediated signal is required for these functions in
the prenatal lens, particularly during secondary fibergenesis.
Interestingly, participation by other ligands, receptors and
downstream effector genes within the Notch pathway
remains largely unexplored. There are also additional
unanswered questions regarding how Notch pathway genes
are regulated, as well as the need to identify those
downstream genes that direct proliferation, cell cycle
withdrawal, cell death or differentiation. Here I will discuss
our progress towards addressing these questions, plus
integrating the Notch signaling pathway into a molecular
hierarchy of lens formation.
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LOSS OF Β-CATENIN IN LENS FIBRES DISRUPTS
+
+
ADHERENS JUNCTIONS AND AFFECTS NA /K ATPASE
LOCALISATION
1

Background and aims: We previously showed a
requirement for β-catenin in the embryonic lens (Cain et al.,
2008, Dev Biol, 321:420-433). Conditional inactivation of
Catnb in the whole lens (BCat10 mice) resulted in failure of
epithelial cells to enter the cell cycle and aberrant
differentiation from E13.5. By contrast, loss of Catnb from
the lens fibres only (BCat39 mice) did not result in apparent
developmental defects. However, BCat39 mice were
subsequently found to develop cataracts from about 8 weeks
of age. Here we report studies investigating this phenotype
further.

ZEBRAFISH BIOSENSORS TO ANALYZE VERTEBRATE
LENS DEVELOPMENT
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Methods: Histology of lens fiber cells was examined
morphometrically in H&E stained sections from wild-type and
BCat39 lenses on postnatal days 3, 21 and 65. Localization
of adherens junction (β-catenin, N-cadherin, cadherin-11),
+
+
gap junction (Cx50) and Na /K ATPase proteins were
+
+
examined by immunofluorescence. Expression of Na /K
ATPase mRNA was examined by RT-PCR. Sodium and
potassium ion content was measured by atomic adsorption.

In recent years, the zebrafish (Danio rerio) has proved to be
an excellent model organism for the analysis of many
evolutionary conserved steps of vertebrate organogenesis,
including the formation of specific eye segments. Moreover,
zebrafish are a cost-effective vertebrate system for highthroughput approaches, such as large-scale genetic and
small molecule screening. Several tools are available to
perform reverse genetics analyses, such as gene overexpression and knock-down strategies, as well as a series of
transgenic/conditionally tractable lines and mutants
displaying specific ocular disorders affecting, for example,
the lens.

Results: BCat39 mice had distinct nuclear cataracts by P65.
A mild cataract was detectable in dissected P21, but not P3.
In equatorial fiber cross-sections there was evidence of
progressive swelling and disruption of lens fibers from P3 to
P65. Fibres lost the characteristic elongated hexagonal
structure and became enlarged and spherical in shape. The
characteristic localization of cadherin proteins to short sided
membrane domains was disrupted with reactivity uniformly
localized around the membrane. In contrast, Cx50 retained
+
+
its distinct domain reactivity. Expression of Na /K ATPase
protein in BCat39 lenses was virtually absent from fibres but
not epithelial cells by immunofluorescence, though mRNA

One of the key advantages of the zebrafish over other
vertebrate models is its suitability for in vivo time-lapse (4D)
imaging. This allows qualitative and quantitative
characterization of morphogenetic events and cell dynamics,
as well as the dissection of signaling pathways activated at
specific developmental stages. In this context, our laboratory

46

or increase outflow via the uveoscleral pathway, but not or
little via the trabecular meshwork (TM), the eye's main
outflow facility. There is thus a need for new IOP lowering
drugs and especially for ones with new mechanisms of
action.

was still detected by RT-PCR. No changes in [Na+] or [K+]
ions were detected.
Conclusions: These data indicate that in addition to a role
for β-catenin in mediating Wnt signalling in epithelial cells it
also plays key roles in maintaining lens fibre cell adherens
junctions.

Rho kinase or ROCK inhibitors constitute a new class of
drug candidates that are clinically effective. They enhance
outflow via relaxation of smooth muscle cells (SMC) in the
TM. However, they also relax SMC in the vessels in the
conjunctiva and thereby cause significant, dose limiting
hyperemia.
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AMA0076 is a ROCK inhibitor that only acts on the TM to
reduce IOP. It is designed according to Amakem's Localized
Drug Action principle. Thus, AMA0076 is degraded into a
functionally inactive metabolite by specific enzymes so that it
no longer induces hyperemia, while AMA0076 effectively
reduces IOP. In normotensive eyes of Dutch Belted rabbits
the lowest concentration to reach full efficacy was 0.125%,
while even at 1.25% no significant hyperemia was observed.

MIR-204 IS REQUIRED FOR LENS MORPHOGENESIS
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AMA0076 at 0.5% was effective in IOP lowering in New
Zealand White rabbits. At this concentration Y-39983 caused
substantial hyperemia and also caused a significant IOP
lowering in the contralateral, vehicle treated, eye. AMA0076
neither caused hyperemia, nor showed the contralateral
effect.

Lens development in vertebrates takes place through a
series of morphogenetic events that require the concerted
activity of combinations of transcription factors (TFs) and
signaling pathways. Specific components of these networks
are reiteratively exploited in time and space to pattern lens
tissue and to control cellular programs, such as cell
proliferation, differentiation, migration, and programmed cell
death. Most of these developmental processes are critically
sensitive to gene dose, and variations in the normal levels of
regulatory proteins appear to result in a variety of lens
anomalies. While much progress has been made in
understanding the molecular basis in which specific
components of molecular networks are exploited to pattern
lens tissue, little is known about posttranscriptional
regulatory mechanisms that maintain the appropriate levels
of expression of these proteins. MicroRNAs (miRNAs) are
small non-coding RNAs that have important roles in the
regulation of gene expression. The roles of individual
miRNAs in controlling vertebrate lens development remain,
however, largely unexplored. To address this issue, we
focused on the microRNA miR-204. With in vitro and in vivo
functional approaches we demonstrate that, in medaka fish,
miR-204 controls lens cell maturation by modulating the
expression of lens placode differentiation genes via the
Meis2/Pax6 pathway. This defect was associated with
concomitant alterations in the elongation and arrangement of
primary fiber cell lens in the central part of the lens. This
phenotype is, in part, due to misregulation of Ankrd13a
expression, which is direct target of miR-204. These data
provide an example of how a specific miRNA can regulate
multiple events in lens formation; at the same time, they
uncover an as yet unreported function of Ankrd13a in the
focal adhesion formation and in cell motility.

Exaggerated toxicology studies show only very mild
hyperemia at 1.25%.
In conclusion, AMA0076 is exceptionally effective in lowering
IOP through its action in the TM, the major outflow facility of
the eye. Absence of hyperemia at concentrations that show
maximal efficacy render AMA0076 a promising drug
candidate for the treatment of glaucoma.
COI/Financial disclosure: Amakem provided compounds
and research grant to the laboratory.
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RHO KINASE MODULATION OF AQUEOUS OUTFLOW:
WHAT IS THE REAL TARGET?
P. Kaufman
Ophthalmology and Visual Sciences, University of Wisconsin
School of Medicine and Public Health, Madison, WI, USA
Background: In normal eyes, contraction and/or relaxation
of the trabecular meshwork (TM) and the ciliary muscle (CM)
work together to regulate outflow. The dynamics of the
actomyosin system help regulate trabecular outflow
resistance. Composed of actin microfilaments and
associated proteins, the system can be pharmacologically or
genetically manipulated to relax the TM and/or inner wall of
Schlemm´s canal, and in turn reduce outflow resistance.
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Methods: Organ culture, cell culture and in vivo studies
were performed. Actin stress fibers, focal and cellular
adhesions, and protein phosphotyrosine staining in TM and
Schlemm´s canal (SC) cells were examined. IOP and
outflow facility responses in living animals (monkeys) and in
vitro organ-cultured anterior segments (porcine, monkey,
human) were determined. Agents included inhibitors of rho
kinase, myosin light chain kinase (MLKC), protein kinase C
(PKC) and a broad-spectrum protein kinase inhibitor. Viral
vector transduction of genes was used to examine actinmyosin uncoupling, Rho-GTP inhibition, Rho-kinase
inhibition and disturbance of extracellular matrix interactions.

EFFICACY AND TOLERABILITY PROFILE OF AMA0076,
A LOCALLY ACTING ROCK INHIBITOR
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Prostaglandins have led to a good IOP control in the
prevention of glaucoma. However, patients may be
insensitive or require multiple drugs to achieve acceptable
IOP control. Current drugs limit aqueous humor production

Results: Rho inhibition via small molecules or gene
transduction led to disruption of actin filaments, loss of focal
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adhesions, and/or loss of cell-cell adhesions in cells in
culture. H-7 induced pronounced but reversible HTM cell
thickening toward the cell center and deterioration of the
actin cytoskeletal network. Cell-extracellular matrix and cellcell adhesions were also affected. H-7 expanded the
intercellular spaces in the juxtacanalicular meshwork,
accompanied by removal of extracellular material. The inner
wall cells of Schlemm´s canal became highly extended, yet
cell-cell junctions were maintained. Studies with (relatively)
specific MLCK inhibitor ML-7, PKC inhibitor CHEL, and H-7,
given individually and in combination, demonstrated the
complexity of determining the specific target kinase for
compounds that affect the actin cytoskeleton and
actomyosin contractility. Cytoskeletal agents decreased IOP
and increased outflow facility in vivo and in organ-cultured
anterior segments as relaxation of the TM and Schlemm´s
canal expanded the area available for fluid outflow. Tissue
contractility and actin cytoskeleton assembly in the TM were
affected by the PPRARI sequence within the Heparin II
domain of fibronectin. TM actin cytoskeleton organization
and contractility were affected by changes in integrin-linked
kinase activity.
Conclusions: Modulating TM cell contractility to increase
facility/reduce IOP is a complex regulatory process. A
number of targets are available that may have significant
therapeutic potential. Rho kinase modulation of aqueous
outflow is but one way to target manipulation of TM
architecture for glaucoma therapeutic purposes.
Acknowledgments:
NEI
EY002698,
P30EY016665, P51RR000167, RPB, OPREF.

RhoA activity reduces the phosphorylation of MYPT1 at
Thr853, leading to a reduction in MLC phosphorylation and
actomyosin contraction. These actions, similar to those of
the Rho kinase inhibitors, possibly underlie the reported
increase in outflow facility in response to Fsk perfusion ex
vivo.
COI/Financial disclosure: Grants from Alcon Inc, USA.
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CLINICAL RELEVANCE OF INVESTIGATIONS ON ROCK
INHIBITORS
H. Tanihara
Kumamoto University Graduate School of Medical Sciences,
Kumamoto, Japan
In 2001, we have reported that ROCK inhibitor has potent
intraocular pressure (IOP)-lowering effects (Honjo, et al.,
IOVS, 2001). Since then, a number of basic and clinical
works have been conducted in an attempt to elucidate its
clinical significance. In animal experiments, ROCK inhibitors
and associated kinase inhibitors showed similar IOPlowering and outflow-increasing effects, suggesting that
phosphorylation of myosin light chain plays a critical role in
regulation of aqueous outflow route. Also, ROCK inhibitors
induced alteration in basic trabecular meshwork (TM) cellular
behaviors. Our recent investigations revealed similar
changes in cellular behaviors (including cell-cell and cellmatrix contact) in Schlemm's canal (SC) endothelial cells as
well as TM cells. Taken together into consideration, RhoROCK signal transduction is an important member for the
regulation of aqueous outflow resistance in the conventional
outflow pathway. In addition, our clinical trial demonstrated
significant IOP-lowering effects in human eyes as well as
animal eyes (Tanihara, et al., Arch Ophthalmol, 2008).
Recent phase II clinical trials suggested that IOP-lowering
effects of ROCK inhibitors are influenced by some clinical
backgrounds. Also, ROCK inhibitor eye drops often induce
conjunctival hyperemia. On the other hand, our recent
investigations suggested that ROCK inhibitors could be
effective to inhibit and treat some pathological situation in
the conventional outflow. So, from the viewpoint of clinical
practices, we should give careful thought to its clinical
relevance.

EY018567,

COI/Financial disclosure: Alcon (C, R), Allergan (C, R),
Bausch & Lomb (C, R), Johnson & Johnson (C, R), Lens AR,
Inc (F), Pfizer (R),QLT (C, R), Santen (F, C, R), Merck (C,
R), Altheos (C)
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CELL SIGNALING IN THE REGULATION OF
ACTOMYOSIN CONTRACTION IN TRABECULAR
MESHWORK CELLS
S.P. Srinivas
Optometry, Indiana University, Bloomington, IN, USA
Elevated cAMP in the trabecular meshwork (TM) cells
increases the aqueous humor outflow facility. We have
investigated the mechanisms by which elevated cAMP
opposes the RhoA-Rho kinase pathway, leading to the
relaxation of the actomyosin system in bovine TM cells.
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Forskolin (Fsk) and rolipram were used to elevate cAMP
levels. Changes in the phosphorylation of RhoA at Ser188 (a
putative inhibitory site), the regulatory light chain of myosin
(pMLC), and the regulatory subunit of myosin phosphatase
(MYPT1) were determined by Western blot analysis. The
actomyosin contraction was measured by collagen gel
contraction (CGC) assay. The impact of cAMP on cell-matrix
adhesion was followed by immunostaining of focal adhesion
proteins and by electric cell-substrate impedance sensing.

EFFECTS OF RHO-KINASE INHIBITOR, Y-27632 ON
AQUEOUS HUMOR OUTFLOW FACILITY,
HYDRODYNAMICS PATTERN AND MORPHOLOGY IN
HUMAN EYES
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Elevated cAMP led to an increase in the phosphorylation of
RhoA at Ser188, to the inhibition of endothelin-1 (ET-1)induced activation of RhoA, and to the formation of stress
fibers. The loss of pMLC along the stress fibers was
comparable to that induced by Y-27632 (Rho kinase
inhibitor). A concomitant reduction in both MYPT1
phosphorylation and pMLC was observed. Elevated cAMP
also reduced (ET-1)-induced CGC and the cell-substrate
resistance by >50%.

Purpose: Y-27632, a Rho-kinase inhibitor, has shown to
increase outflow facility in non-human eyes, but remains
undetermined in humans. This study is to determine the
effects of Y-27632 on outflow facility, flow patterns, and
morphology of aqueous outflow pathways in normal
enucleated human eyes.
Methods: Five pairs of enucleated human eyes were
perfused with phosphate buffer saline + 5.5mM d-Glucose
(GPBS) at 15 mmHg to establish the baseline facility. One

In conclusion, in TM cells, elevated cAMP leads to the
phosphorylation of RhoA at Ser188. Consequent inhibition of
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eye of each pair was then perfused with 50 µM Y-27632 for
3 hours, while the contralateral eye received only GPBS.
Outflow patterns were labeled with a fixed volume of
fluorescent microspheres and examined by confocal
microscopy. Effective filtration length (EFL) was measured.
Morphological changes of the trabecular meshwork were
analyzed by light and electron microscopy.

lead to identification of targeted strategies for treatment of
elevated IOP in glaucoma patients. Supported by grants R01
EY18590 and R01 EY 12201 from the NEI/NIH.
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Results: A significant increase in outflow facility (134%, p<
0.05) and EFL (41%, p< 0.05) was found in eyes treated with
Y-27632 compared to no changes in control eyes. A positive
correlation was found between increased outflow facility and
EFL. The trabecular meshwork was more expanded in high
flow regions than in low flow regions. The extracellular matrix
(ECM) appeared denser in low flow regions compared to
high flow regions. Additionally, areas where the ECM
appeared looser coincided with a higher number of giant
vacuoles. Electron microscopy often showed microspheres
in the ECM underneath paracellular pores (B-pores) of the
inner wall of Schlemm´s canal in the high flow regions.

MICROGLIA AND MACROPHAGES IN THE
PATHOGENESIS OF MACULAR EDEMA
A.M. Joussen
Department of Ophthalmology, Charité University Medicine
Berlin, Berlin, Germany
Diabetic macular edema, resulting from increased
microvascular permeability, is the most prevalent cause of
vision loss in diabetes. Leukocyte adhesion to the diabetic
retinal vasculature results in early blood-retinal barrier
breakdown, capillary non-perfusion and endothelial cell
death. Previous work has shown that intercellular adhesion
molecule-1 (ICAM-1) and CD18 are required for these
processes. In this context we had demonstrated the effect of
the TNF-alpha inhibitors on retinal leukostasis. TNF-alphainhibitors reduced retinal vascular endothelial cell injury and
retinal cell apoptosis including the activation of caspases
and the formation of a death inducing signaling complex.
Leukocyte-mediated Fas-FasL dependent retinal endothelial
cell apoptosis is a major cause of blood-retinal barrier
breakdown in early diabetes.

Conclusions: The significant increase in outflow facility
induced by Y-27632 in human eyes is associated with a
significant increase in Effective filtration length and areas of
high and low flow of the trabecular meshwork were found to
display different morphologies.
Funding Supported by AHAF, Wing Tat Lee Fund from
Boston University School of Medicine, NIH -EY018712 and
The Massachusetts Lions Eye Research Foundation, Inc.
COI/Financial disclosure: Nothing to disclose

Interestingly, besides neutrophiles and macrophages,
microglial reactions are involved in the pathogenesis of
diabetic macular edema and first studies demonstrate that
glial reactions are an integral part of the pathophysiology of
macular edema. Microglia cells have been associated with
immunologic defense and repair. In order to assess
macrophage and microglial involvement, the course of retinal
disease after lethal irradiation for bone marrow depletion and
substitution was evaluated. Lethal irradiation in C57BL/6
mice was conducted with a low-voltage radiation unit. The
GFP transformation rate was analyzed by flow cytometry.
GFP+ cells in the retina were examined for co-localization
with macrophage and dendritic cell markers at various time
points between 1 and 7 months after irradiation. Flow
cytometry revealed average transformation rates of 78.2% in
unshielded and 64.1% in shielded group. Four weeks after
transplantation, perfused flat mounts were virtually free of
extravasal GFP+ cells in both groups, whereas 4 months
after irradiation, cluster cell infiltrations, preferentially in the
peripheral retina, became apparent exclusively in the
unshielded group. Rethinking of inflammation as a process
in the whole retinal tissue is required in order to understand
diabetic and other retinal alterations.
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MECHANISTIC ASPECTS OF RHO/RHO KINASE
SIGNALING IN REGULATION OF AQUEOUS HUMOR
OUTFLOW AND IOP
P.V. Rao, P.P. Pattabiraman
Department of Ophthalmology, Duke University, Durham,
NC, USA
Primary open-angle glaucoma is one of the leading causes
of blindness worldwide and is commonly associated with
diminished aqueous humor drainage through the trabecular
pathway. Rho GTPase along with its downstream effector
Rho kinase has been shown to modulate aqueous humor
outflow and intraocular pressure (IOP) in various animal
models and in humans. Rho kinase inhibitors have been
found to be especially efficacious in lowering IOP in
glaucoma patients. The molecular basis of the Rho/Rho
kinase signaling-induced changes in aqueous humor
outflow, however, is not completely clear. Our recent ex-vivo
and in vivo studies targeting Rho/Rho kinase signaling in the
outflow pathway revealed reciprocal and contrasting
responses. Activation of Rho/Rho kinase signaling led to a
decrease, while inactivation of Rho/Rho kinase signaling
resulted in an increase in aqueous humor outflow.
Significantly, data from these model systems and from
trabecular meshwork cell cultures, demonstrated that the
Rho/Rho kinase pathway regulates the expression profile of
cytokines, extracellular matrix components and α-smooth
muscle actin in addition to its well-recognized effects on
contractile activity and cell-ECM interactions. Interestingly,
sustained activation of Rho GTPase activity via expression
of
a
constitutively
active
RhoAV14,
TGF-beta2,
autotoxin/LPA (lysophosphatidic acid) axis and CTGF
(connective tissue growth factor) appears to activate
profibrogenic processes leading to extracellular matrix
(ECM) accumulation and changes in cell biomechanical
properties in the outflow pathway. These observations
provide novel insights into the molecular basis for increased
resistance to AH outflow in glaucomatous eyes and could
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INFLAMMATORY PROCESSES WITHIN MARROWDERIVED CELLS CAUSE EARLY STAGES OF DIABETIC
RETINOPATHY
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Accumulating evidence has suggested that white blood cells
play an important role in the development of diabetic
retinopathy. In order to more specifically study the role of
these bone marrow-derived cells in development of the
retinopathy, we have made chimeric mice in which only the
cells derived from bone marrow lacked key proteins related
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to oxidative stress or inflammation. Deletion of single
proteins (such as poly(ADP-ribosyl) polymerase or iNOS)
from marrow-derived cells strongly protected against the
expected diabetes-induced degeneration of retinal
capillaries, and also inhibited the diabetes-induced increase
in retinal oxidative stress and inflammation. In order to
investigate the mechanisms by which white blood cells
contribute to the retinopathy, we measured retinal
leukostasis and oxidative stress in wildtype diabetic mice
and in diabetic chimeras in which enzymes related to
oxidative stress and inflammation were deleted from
marrow-derived cells only. Results indicate that diabetesinduced alterations in metabolic processes within white
blood cells regulate the response of the retina to diabetes via
effects on oxidative stress and inflammation.

O148
LINK BETWEEN INFLAMMATION AND MITOCHONDRIAL
DYSFUNCTION
R.A. Kowluru
Ophthalmology; Anatomy/Cell Biology, Wayne State
University School of Medicine, Detroit, MI, USA
Diabetic retinopathy, the leading cause of blindness among
young adults, is one of the most feared complications of
diabetes. Although sustained hyperglycemia is the main
determinants, the exact mechanism responsible for the
development of diabetic retinopathy remains unclear.
Oxidative stress in the retina and its capillary cells is
increased in diabetes, and the retinal mitochondria become
dysfunctional, their DNA is damaged and the copy numbers
are decreased. In addition, the levels of pro-inflammatory
cytokines, including interleukin-1β (IL-1β), tumor necrosis
factor, are increased in the vitreous of the patients with
proliferative diabetic retinopathy, and also in the retina from
diabetic rodents. Our recent studies have shown that
streptozotocin-induced IL-1β receptor gene knockout
diabetic mice, in addition to being protected from increase in
retinal IL-1β levels, are also protected from damage to their
retinal mitochondria membrane and DNA, capillary cell
apoptosis and the development of diabetic retinopathy. The
results have shown an inter-relationship between increase in
inflammatory mediators and the mitochondrial damage in the
retina, and have suggested that the mitochondrial damage is
one of the key events via which increased inflammation
activates the apoptotic machinery. Thus, the inhibition of
inflammatory mediators could have therapeutic potential in
preventing the fueling of the vicious cycle of mitochondrial
damage, and inhibiting the continued progression of diabetic
retinopathy.
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DIABETIC RETINOPATHY: AN AUTOINFLAMMATORY
DISEASE?
S. Mohr, D. Feenstra
Michigan State University, East Lansing, MI, USA
Background and aims: Recent studies have demonstrated
that inflammation strongly contributes to the development of
diabetic retinopathy. How hyperglycemia causes these
mostly chronic inflammatory responses like the activation of
the caspase-1/interleukin-1β (IL-1β) signaling pathway is not
entirely clear. Recently, the concept of sterile inflammation
or autoinflammation has emerged to begin to explain the
phenomenon of prolonged IL-1 β production in tissues. It has
been suggested that following initial IL-1β production, this
cytokine is able to activate its own producer caspase-1 in an
autocrine fashion amplifying the inflammatory response via a
vicious feedback cycle. Identification of potential
autoinflammatory feedback mechanisms within retinal tissue
that regulate sustained capase-1 activation and IL-1β
production under hyperglycemic condition in vivo and in vitro
is crucial for the understanding of disease progression and
development of new effective therapies.
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SPHINGOLIPID METABOLISM AND VASCULAR
INFLAMMATION IN DIABETIC RETINOPATHY

Methods: Capillary degeneration in diabetic wild type and
caspase-1 knock-out mice was assessed. In vivo patterns of
caspase-1 activation were determined from retinas of normal
and diabetic wild type (C57Bl6) and IL-1β receptor knock-out
(IL1R-/-) mice. For mechanistic studies, retinal Müller cells
were treated with normal or high glucose or interleukin-1β for
up to 96 hours. Caspase-1 activity assays, IL-1b ELISAs and
qPCR assays were performed.
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A number of studies have demonstrated that diabetes
induced pro-inflammatory changes in the retina including
increase in cytokines and growth factors. Inflammatory
cytokines such as IL-1beta activate Acid (ASM) and Neutral
(NSM) Sphingomyelinases that catalyze the hydrolysis of
sphingomyelin to the pro-inflammatory and pro-apoptotic
second messenger ceramide. We have previously
demonstrated that the most abundant fatty acid in the retina
Docosahexaenoic acid (DHA) is a very effective inhibitor of
SMases in retinal endothelial cell culture. This study was
designed to addressed the role of SMases in retinal vascular
inflammation in diabetic retinopathy and ischemiareperfusion (IR) animal models.

Results: Knock-out mice deficient of caspase-1 (cas1-/-) or
the IL-1 receptor (IL-1R1-/-) are protected from diabetesinduced vascular damage. High glucose induced a multiphasic pattern of caspase-1 activation in retinal Müller cells
compared to controls. Blocking IL-1β signaling during using
IL-1 receptor antagonist prevented the later phase of
caspase-1 activation indicating an IL-1β feed-back
mechanism. In vivo studies confirmed that knock-down of
the interleukin-1 receptor prevented late phase activation of
caspase-1 in the diabetic retina.

ASM was upregulated in the retinas of type 1 and type 2
diabetic rats on control diet. DHA rich diet returned ASM in
diabetic retina to the control levels. There was a 2.5 fold
increase in the number of acellular capillaries in the retinas
from 9 months diabetic rats on control diet. DHA rich diet
prevented the development of acellular capillaries in diabetic
retinas. To further prove the critical role of ASM in the
development of retinal vascular pathology, we used ASM-/mice with IR as an accelerated model of diabetic retinopathy.
In the wild type control mice there was a 3.6 fold increase in
the number of acellular capillaries in the retinas on IR eyes.

Conclusions: Diabetes induces an autoinflammatory
response that is mediated by the continuous activation of the
caspase-1/IL-1b, a major contributor to chronic tissue
inflammation and retinal tissue damage.
COI/Financial disclosure: Nothing to disclose
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This pathology was completely prevented in the retinas of
ASM-/- mice.

mediated adaptive UPR in retinal endothelial cells during
EC-/diabetes. Endothelium-specific XBP1 deficient (XBP1 )
mice were generated by using the Cre-loxp system.
EC-/Diabetes was induced by streptozotocin (STZ) in XBP1
EC+/+
) mice. Mouse brain endothelial cells
and wild type (XBP1
EC-/EC+/+
and XBP1
mice for in
were isolated from both XBP1
vitro study. We found that retinal expression of intracellular
adherent molecule-1 (ICAM-1) and vascular adherent
molecule-1 (VCAM-1) was significantly increased, in parallel
with enhanced leukocytes adhesion to retinal vasculature in
EC+/+
EC+/+
mice. When compared with XBP1
diabetic XBP1
EC-/mice showed much higher levels of
mice, diabetic XBP1
adhesion molecules and greater increase in leukostasis in
the retina. In addition, retinal expression of ZO-1, a major
EC-/mice,
tight junction protein, was much lower in XBP1
indicating impaired blood-retinal barrier. Furthermore,
EC-/mice showed more severe retinal vascular leakage
XBP1
EC+/+
mice. In addition, endothelial cells
compared with XBP1
EC-/mice expressed much higher level of
isolated from XBP1
ICAM-1, but lower level of ZO-1 after incubation with proinflammatory cytokine TNF-α. This suggests that loss of
XBP1 sensitizes endothelial cells to inflammation and tight
junction damage. Our results indicate that XBP1 plays a vital
role in regulating endothelial barrier function. Impaired XBP1
signaling may in part contribute to retinal endothelial
inflammation and vascular leakage in diabetic retinopathy.

In conclusion, ASM inhibition by DHA or genetically in ASM/- mice prevented retinal vascular degeneration in diabetic
retinopathy and IR animal models, Normalization of
sphingolipid metabolism through dietary supplementation or
genetic manipulations may be of benefit in preventing
conditions associated with retinal vascular inflammation,
such as diabetic retinopathy.
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CHEMOKINE MCP-1: A NOVEL THERAPEUTIC TARGET
IN DIABETIC RETINOPATHY
A. Das
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Increased leukostasis and many inflammatory mediators
have been implicated in the pathogenesis of diabetic
retinopathy and macular edema. The precise mechanism by
which the CC chemokines and leukocytes initiate the
inflammatory cascade and finally damages the blood-retinal
barrier is not clear. We have shown that the chemokines
(mRNAs and proteins) are upregulated in retinas of diabetic
rats at up to 8 weeks of diabetes. The confocal imaging of
the whole retinas of the CX3CR1-GFP mice counterstained
with TRITC labeled GSA IB4 isolectin shows activated
monocytes in the extravascular space in the retinas of
diabetic animals. Along with increased trafficking of
monocytes into the retina, there is also activation of retinal
microglia in diabetes. The CCL2 knockout mice were made
diabetic by streptozotocin injection and the extent of retinal
vascular permeability was determined 6 weeks later.
-/Compared to wild type animals, the diabetic CCL2 animals
demonstrated significantly less leakage in response to
diabetes indicating an important role for this chemokine in
alteration of the blood-retinal barrier. The effect of anti-VEGF
drugs currently in clinical trials for diabetic macular edema
(DME) seems to be transient. Moreover, the continual
blockade of VEGF-A may not be safe in the long run. Our
results indicate that the inflammatory CC chemokine
pathway in DME can be used as novel target for the
treatment of this blinding condition.
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TNFα is a key mediator of inflammation, regulating the
expression of other pro-inflammatory cytokines including IL-1
and GM-CSF. Beyond this, TNF-α has a seminal role in the
pathogenesis of rheumatoid arthritis and the therapeutic
success when activity is neutralised, has also been shown in
other auto-inflammatory disorders, including uveitis.

COI/Financial disclosure: National Institute of Health
In a murine model of non-infectious posterior uveoretinitis,
termed experimental autoimmune uveitis (EAU), a key role
of TNF-α in both pathogenesis and tissue destruction has
been demonstrated. These preclinical findings have led to
anti-TNF-α biologics use clinically. More specifically, during
EAU TNF-α is required for efficient and optimal myeloid cell
migration into the eye and classical activation of
macrophages. This is mediated by soluble TNF-α (sTNF)
signalling via TNFR1 as demonstrated in chimeric mice; T
cells are able to migrate into the retina in the absence of
TNFR1. Moreover, in the persistent phase of EAU (upto four
months), wild-type mice develop intraretinal angiogenesis
but in the absence of functioning TNFR1 signalling,
angiogenesis is markedly less, alongside reduction in
myeloid cell infiltrate.
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ADAPTIVE UNFOLDED PROTEIN RESPONSE IN
RETINAL ENDOTHELIAL CELLS AND DIABETIC
RETINOPATHY
S.X. Zhang, J. Li, Y. Zhong, M. Daneshfar, C. Chen, J.J.
Wang
Medicine and Endocrinology, Harold Hamm Diabetes
Center, University of Oklahoma Health Sciences Center,
Oklahoma City, OK, USA
Endothelial dysfunction and impairment of tight junctions
between endothelial cells is a key pathological feature of
diabetes-induced vascular damage in the retina.We
previously reported that endoplasmic reticulum (ER) stress is
critically implicated in the development of retinal vascular
leakage and diabetic retinopathy. X-box binding protein 1
(XBP1) is a master regulator of the adaptive unfolded protein
response (UPR) which regulates the ER homeostasis. The
objective of this study is to investigat the role of XBP1-

In vitro studies demonstrate IFNγ-induced nitric oxide
-/production by macrophages requires TNFR1 -dependent
autocrine TNF-α signalling via either sTNF or
transmembrane TNF-α (tmTNF). TNFR1 is also required for
maximal CD40 and CCR2 upregulation and TNFR2 is
required for maximal MHC class II upregulation. These data
together infer that optimal blockade of TNF activity requires
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inhibition of both sTNF and tmTNF at the tissue site to
prevent tissue damage. The implications of such preclinical
data alongside known adverse events with current clinical
therapies, including increased risk of infection, is the
requirement to develop more selective therapy either
systemically, to reduce cell migration to the target tissue yet
maintain ability to respond to infection, or for local delivery,
to prevent tissue damage. These are distinct and require
differing approaches of anti-TNF therapy.

remission, and recent data show that even stop after some
time, when quiet, may result in a high percentage of
recurrence-free patients. The side effect of often flu like
symptoms may be unpleasant for the patient, but it clearly
shows that no ant-interfon alpha antibodies are produced.
Other side effects like depression and liver enzyme elevation
are only found in less than 5%. Interferon-alpha also has
shown to be highly effective in Macular edema, often
associated to severe posterior uveitis in BD. The
presentation will give an overview about the various studies,
compare the outcome and discuss the different treatment
strategies. Finally anti-TNF-alpha treatment for BD will be
compared to the treatment with interferon-alpha.
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TRANSLATION OF TNF BLOCKADE FROM
LABORATORY TO CLINIC: RESULTS OF PROSPECTIVE
CLINICAL TRIALS IN UVEITIS
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RITUXIMAB FOR THE TREATMENT OF INFLAMMATORY
EYE DISEASE
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Experimental and clinical studies showed that TNF alpha
plays a significant role in the process of intraocular
inflammation, so it was a logical step to use TNF blocking
agents in uveitis therapy. Randomized controlled trials (RCT)
so far have only performed in one occasion on etanercept,
but a small number of open studies or prospective case
series has been performed on adalimumab (n=3) and
infliximab (n=16). No studies so far have been published on
golimumab or certolizumab.
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Rituximab is a chimeric monoclonal antibody that acts
against the B cell antigen, CD20. Treatment with rituximab
results in a marked, sustained reduction in the number of
both normal and malignant B cells. Although initially
developed for the treatment of B cell lymphomas, rituximab
has also been used to successfully treat conditions that have
been traditionally considered as predominantly T cell
mediated autoimmune diseases, such as rheumatoid arthritis
(RA), systemic lupus erythematosus (SLE) and Wegeners
granulomatosis.

Pooled data from the literature, as well as data of
investigator initiated clinical trials on adalimumab in uveitis
refractory to conventional treatment, will be presented. One
is a multicenter open label trial conducted in the US, showed
a response in 68% of 31 patients at 10 weeks. The other is a
randomised controlled clinical trial on 25 patients, which is
conducted in 2 centers in Germany. Here a response was
seen in 75% of patients treated with adalimumab versus
29% of controls.

As RA, SLE and Wegeners granulomatosis are conditions
that are commonly associated with scleritis and orbital
inflammatory disease, rituximab is now being used in these
conditions, with promising results.

Side effects of TNF alpha blockage, as susceptibility to
infections and increased risk of malignancies, will be
discussed. Currently TNF alpha blockers are used as 2nd or
3rd line agents. Arguments in favor of using TNF alpha
blockers earlier in the disease history will be presented.

This talk will review the current literature regarding the use of
rituximab in these conditions, with a focus on a recent
prospective PhaseI/II study of its application in scleritis and
orbital inflammatory disease.

Conclusion: Even though RCTs are scarce we have
currently good evidence for the efficacy of TNF alpha
blockage, especially adalimumab and infliximab, in the
treatment of severe non-infectious uveitis. Etanercept is not
sufficiently effective in this disease.

Methods: Open-label Phase I/II, investigator-initiated, study
of rituximab for treatment of refractory scleritis and orbital
inflammatory disease (OID) at the Casey Eye Institute,
Portland, Oregon. Patients were randomised to receive
either 500mg or 1000mg infusions at day 1 and 15.

COI/Financial disclosure: Dr. Mackensen has been
recieving lecture honoraria by Abbott and has served on an
advisory board for Abbott

Primary endpoints of the study, measured at 24 and 48
weeks, were corticosteroid (CS) tapering by ≥50% and
improvement in validated disease activity grading scores.
Secondary endpoints included improved patient or physician
global ocular health assessments and pain reduction.
Retreatment was permitted after 24 weeks for initial
responders.
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INTERFERON THERAPY IN PATIENTS WITH UVEITIS
SECONDARY TO BEHCET´S DISEASE
M. Zierhut, C. Deuter

Results: 20 patients (10 each with scleritis and OID) were
enrolled from 2007-2010. All patients completed 24 weeks of
follow up, and 13 have completed 48 weeks.

Ophthalmology, University of Tuebingen, Tuebingen,
Germany
Behcet´s Disease (BD) oftenleads to retinal vasculitis, what
is
associated
with
a
bad
prognosis
despite
immunosuppresive treatment. Various studies of the last 10
years have shown that interferon alpha is highly effective for
the treatment of the acute severe posterior uveitis in BD. It
shows a very rapid effect, achiving app. 85-95 % complete

At 24 weeks, 3/10 (30%) scleritis and 6/10 (60%) OID
patients achieved 50% CS tapering. Eight of 10 (80%)
scleritis patients and 7 of 10 (70%) OID patients had
improvement in disease activity scores. Patient and
physician global ocular health assessment improved in 9/10

52

(90%) and 8/10 (80%) scleritis patients, respectively, and in
7/10 (70%) and 8/10 (80%) OID patients. Vision was stable
or improved in all patients at week 24, and pain was reduced
in 6/10 (60%) scleritis and 7/10 (70%) OID patients. Thus
far, eleven patients have been reinfused for disease
recurrence (7 scleritis and 4 OID; range 26-48 weeks).

Electrical Engineering and Computer Science,
Massachusetts Institute of Technology, Cambridge, MA,
USA
Optical coherence tomography (OCT) was developed in
1991 and has emerged as a standard diagnostic imaging
tool in ophthalmology. OCT operates analogously to
ultrasound imaging, except that it generates images by
measuring the echo time delay of reflected light. OCT
provides real time, noncontact cross sectional and
volumetric imaging of the retina or the anterior eye at
unprecedented resolution. Recent advances in OCT
technology have dramatic ~50 to 100x increases in imaging
speed. These novel detection techniques are known as
Fourier domain or spectral detection because echo time
delays of light are measured by Fourier transforming the
interference spectrum of the light signal. Using OCT with
spectral/Fourier domain detection acquisition speeds of
20,000 to 50,000 axial scans per second have been
achieved in commercial instruments, 50x faster than the
previous generation technology. A new generation of Fourier
domain detection based on frequency swept lasers, can
achieve even faster imaging speeds. State of the art,
research OCT instruments operate at even higher imaging
speeds of 200,000 to 500,000 axial scans per second,
factors of 10x faster than current commercial instruments.

Conclusion: Rituximab appears to be effective in the
treatment of refractory scleral and orbital inflammation.
Further follow-up and study are required to clarify optimal
dosing and to determine the patient subsets that will benefit
most from this treatment.
COI/Financial disclosure: The authors have received some
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OCT enables visualization of the structural features of the
retina including the architectural morphology of the fovea
and optic disc. OCT imaging in the anterior eye enables
visualization of the cornea, iris, and lens. OCT imaging can
also be used to perform quantitative measurements or
morphometry. OCT is especially powerful for the diagnosis
and monitoring of diseases such as glaucoma or macular
edema associated with diabetic retinopathy because it can
provide quantitative information which is a measure of
disease progression. Mapping and display techniques have
been developed to represent the tomographic data in
alternate forms, such as thickness maps or project views in
order to aid interpretation. Motion correction and registration
techniques enable eye motion to be suppressed in order to
remove distortion effects and improve reproducibility. Finally
there are a wide range of functional imaging methods that
have been developed that enable visualization and
measurement of retinal blood flow. Together these methods
provide powerful tools for clinical assessment as well as
fundamental research. This presentation reviews the
development of OCT as well as recent advances in
technology.

Microglial activation is a common phenomenon co-inciding
retinal degeneration. Apoptotic cells in the degenerating
retina release damage-associated factors, which can lead to
stepwise microglial activation. These events are
accompanied by the expression of pro-inflammatory
cytokines and neurotoxic factors, which critically contribute
to the progression of retinal disease. Thus, therapeutic
intervention with immunomodulatory proteins presents a
reasonable approach to slow down the progression of retinal
degeneration. We have previously shown that the WAP
domain protein AMWAP serves as a counter-regulator of
microglial activation in vitro , by the downregulation of proinflammatory marker transcripts IL-6, Il-1beta and Ccl2 .
Moreover, AMWAP increased transcript levels of Arginase1
and Cd206, suggesting the induction of a neuroprotective
M2-like microglial phenotype (Karlstetter et al. 2010). Based
on these findings, we hypothesized that AMWAP may be an
immunomodulating peptide in the degenerating retina. To
test this hypothesis, we aimed to study the effect of AMWAP
on microglial activation in the laser-damaged retina. AMWAP
was over-expressed in the murine retina by an AAV2/8
lentiviral approach to allow the transduction of RPE- and
photoreceptor cells as specific source of paracrine AMWAP
production. Increased AMWAP expression was assessed by
quantitative real-time PCR and western blot. The
consequences of AMWAP production on choroidal
neovascularisation (CNV) were determined in the laserdamaged retina, which is critically mediated by proinflammatory activated microglia. Furthermore, the
inflammatory status of microglia in the retina was
investigated by retinal cross-sections and gene expression
analysis. Data will be presented that clarify the role of
AMWAP on retinal microglial activation and its role as a
potential immunomodulatory agent.

COI/Financial disclosure: Royalties from intellectual
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NON-INVASIVE MICROANGIOGRAPHY AND
QUANTITATIVE ASSESSMENT OF RETINAL
BLOODFLOW
R.A. Leitgeb
Center of Medical Physics and Biomedical Engineering,
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The trend in biomedical imaging is towards high resolution
imaging of dynamic physiologic or metabolic processes.
Modern Optical Coherence Tomography (OCT) Systems
gained continuously in speed and resolution performance
and during the last years especially the functional
capabilities of OCT came into the focus of research. In
particular Doppler OCT allows not only for comprehensive
angiography in 3D, but also yields quantitative perfusion
parameters. Compared to other perfusion imaging
techniques Doppler OCT is completely non-invasive and
provides reliable and depth resolved quantitative flow. The
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latter is of particular importance for distinguishing the inner
retinal blood support from the dense choroidal perfusion bed.
Upcoming OCT systems operating at 1060nm center
wavelength show increased penetration beyond the retinal
pigment layer, which important for assessing choroidal blood
flow. As such, Doppler OCT holds promising potential to
improve early diagnosis of major retinal diseases such as
glaucoma, diabetic retinopathy or AMD. The presentation
gives an overview over existing Doppler OCT techniques
and recent developments in ultrahigh speed imaging. Swept
source OCT systems reach already several MHz A-scan
rates and allow for unprecedented imaging capabilities such
as wide field single shot 3D angiography within a few
seconds, or angle independent quantification of blood flow.
Gating full volume series with the heart beat yields pulse
coherent volumes, representing the perfusion state in 4D for
a given pulse cycle. Also new scanning protocols are
introduced that show increased sensitivity to visualize
smallest capillaries in the parafoveal region. Hence, Doppler
OCT, as simple as it sounds, comprises nowadays an
exciting colorful spectrum of applications and technical
possibilities that will hopefully soon find their way into clinical
practice.

Bioscience, New England College of Optometry, Boston,
2
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Background: We have previously reported that double
parasympathectomy had no effects on compensatory ocular
growth, responding to myopic defocus (positive lens) with
growth inhibition and hyperopic defocus (negative lens) with
growth stimulation (Nickla & Schroedl, ARVO 2011). In this
study we examined its effects on eyes with form-deprivation.
Methods: Five 2-week old chickens had the right
pterygopalatine ganglia (PPG) de-afferented by sectioning
facial nerve VII (Schroedl et al., IOVS; 2006), together with
lesions of the ciliary ganglion (PPG/CGX). 12 days later,
translucent diffusers were affixed to the feathers around the
eye for 4 days. Diffusers were removed, and eyes were
allowed 5 days of “recovery”. Ocular dimensions were
measured by A-scan ultrasonography immediately prior to
diffuser placement, after they were removed, and after the
recovery period. Form deprived, age-matched birds were
controls.
Results: PPG/CGX completely inhibited the development of
myopia (PPG/CGX vs Intact: 0.2 D vs -4.1 D; p=0.0034) by
preventing the growth stimulation normally caused by
deprivation (246 vs 630 µm; p=0.003). In fact, experimental
eyes grew significantly slower than fellow eyes (246 vs 489
µm; paired t-test, p=0.0019), while remaining emmetropic.
There was no effect on choroidal thinning. After the diffusers
were removed, ocular growth rate became faster than in
intact controls (602 vs 391; p=0.009), “catching up” to the
fellow eye size by 5 days (11.162 µm vs 11.164 µm).
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CALCULATION ?
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Conclusions: We show that double parasympathectomy
alters the “default” growth mode in form deprivation, causing
slower, rather that faster, growth. This supports different
mechanisms in the development of form deprivation vs lensinduced-myopia. The change to growth stimulation during
“recovery” supports a “size-mediated” mechanism. The
dissociation between choroidal thinning and ocular growth
stimulation implies separate pathways for these two
responses.

Department of Ophthalmology, University of Wuerzburg,
Wuerzburg, Germany
Several authors are promoting ray-tracing as a method to
obtain better refractive outcomes than can be achieved by
classical power formulas for intraocular lenses (IOL) in
Gaussian optics. To check this hypothesis the refractive
results after IOL implantation were retrospectively compared
to predictions from ray-tracing as well as standard Gaussian
optics. For ray-tracing, a commerical software package
(Okulix) especially designed for ocular optics was used; the
Haigis formula was applied as a typical representative of
Gaussian optics.

Supported by NIH-NEI-013636
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For 89 pseudophakic eyes of 89 routine cataract patients,
who were supplied with 6 different IOL types by 3 surgeons
at our Department, the arithmetic and absolute prediction
errors (achieved postoperative spherical equivalent predicted refraction) were determined. The differences
between ray-tracing and classical results were statistically
significant (p< 0.001) with ray-tracing producing bigger
prediction errors.
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Ray-tracing, thus, yielded no advantages in refractive
outcomes over the Haigis formula. On the contrary,
significantly better results could be obtained by classical
Gaussian optics.

Refractive development of vertebrate eyes depends on an
optically guided process in which local areas of the retina
detect the sign of defocus and control local scleral expansion
accordingly. Squid (invertebrates) also possess a cameratype eye which has a photoreceptor-only retina, expressing
one opsin. We investigated whether an optically guided
process might also control refractive development in the
squid Sepioteuthis australis, by raising squid under different
wavelengths to create image planes at different axial
positions in the eye. Squid were raised from eggs in a salt
water aquarium consisting of two 400 litre translucent
cylindrical tanks. One tank was wrapped with an orange
filter, the other with a blue filter, selected so as to produce
approximately equal effective light intensity at opposite ends
of the squid opsin sensitivity curve. The main outcome
measure, consisting of the Matthiessen's Ratio (MR), the
ratio of eye:lens diameters, was derived from high-resolution
photographs
made
in
the
dark
using
infrared
transillumination of un-anesthetised animals. Cohorts of

Preconditions and requirements for both methods as well as
error influences will be discussed in detail.
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squid were raised in each tank. Outcome measures were
made at day 60, after which animals were crossed-over to
the other tank. Measures were then made daily for 5 days
(Figure 1). Before crossover, animals raised in the orange
tank had significantly higher MRs than those raised in the
blue tank (p=0.037). After cross-over, this difference
disappeared within 48 hours. Five days after cross-over, the
animals transferred to the orange tank had developed
significantly higher MRs than those transferred to the blue
tank (p=0.039). These preliminary results suggest that
refractive development of the squid eye is optically guided,
as in vertebrates.

Methods: 20 image sequences of 10 subjects (left and right
eye) were recorded with the help of the sensor. Customized
analysis software - developed for the above mentioned
specific purpose - automatically detects changes within the
image sequences whereas severe changes correlate to high
gray scale values (0-255). To avoid accidental break-up
recognition the software eliminates motion artifacts
(saccades) eye lashes and distortions of the reflected
Placido pattern due to eye movement.
Results: The raw data image sequences were evaluated by
three independent observers and the mean OBUT was
determined for each sequence. The software calculates the
total gray scale value for each image within the image
sequence. In the time-course the value increases and the
ABUT is determined by means of the gradient.
Conclusions: Comparison of the evaluation methods observer and automatic BUT analysis - shows that both
BUTs are approximately in the same range for each image
sequence. Therefore, the sensor setup and the automatic
analysis software are considered to be suitable for clinical
practice and objective, non-invasive diagnosis of Dry-EyeSyndrome.
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Background and aims: Arnold et al. established in 2010 a
tear film focused video recording setup, which provides
Placido grid datasets for tear film pathology screening. The
associated video image pattern analysis offers high potential
to detect prematurely tear film breakup areas non-invasively.
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THE TEAR-FILM BREAK-UP TIME WITHIN PLACIDO
PATTERN IMAGE SEQUENCES
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Within the setup, the contrast level of the image sequences
depends on the illumination color (ILC). The aim of the study
was to systematically investigate the effect of ILC on the
image contrast within the video sequence.
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Methods: As quality criteria, Michelson contrast (CM) of the
alternating black and white ring structure in radial direction
within the images was used. The video data quality analysis
was performed using Matlab R2010b (The MathWorks, Inc.,
Natick, Massachusetts, USA) for five subject video datasets
each with six colors (blue, red, white, green and two different
infrared).
Results: A graphical user interface (see Figure 1) was
developed and implemented to control the MATLAB software
package. The algorithm first detects the centre of the Placido
pattern in each image and assesses the CM in radial
direction in hemimeridians in azimuthal steps of 0.5 degree
in the lower hemisphere of the image to avoid artifacts from
the upper eye lid. The CM is almost the same for all ILCs
(except IR) whereas white ILC shows the highest CM and the
lowest standard deviation.

Background and aims: The tear-film break-up time (BUT)
is a reliable parameter for diagnosis of Dry-Eye-Syndrome in
clinical practice. Arnold et al. developed a non-invasive
sensor setup for determination of the BUT with the help of a
Placido grid pattern reflected off the tear-film. During lid
opening phase distortions in the pattern arise and indicate
tear-film break-up. The distortions are clearly visible in the
image sequences of the sensor and the BUT can be
determined by an observer (OBUT) or by using an automatic
image analysis software (ABUT).
The purpose of this study was to determine the tear-film
break-up within the video sequences and to compare OBUT
and ABUT.
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The coding regions of genes are interrupted by non-coding
parts. In order to generate a mature RNA transcript for
protein translation, the non-coding parts have to be removed
from the transcript, a process called splicing. Families
segregating monogenetic diseases frequently suffer from
splice site mutations as the cause of the disorder. These
mutations lead to incorrect splicing of the affected gene
transcript and result in altered protein expression,
localization or function. We tested a gene therapeutic
approach to correct mutation-induced splice defects.

[Figure 1: Grafical User Interface Screenshoot]
Conclusions: The software works properly for different
subjects and ILCs. Using the CM as quality criteria, white ILC
is most suitable. For reliable computer assisted tear-film
break-up detection crosslight and iris color impact on the
image quality should be further investigated.
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Two novel splice donor site (SD) mutations were identified:
c.1245+3A>T and c.479G>A in the RPGR and BBS1 genes.
Both mutations cause aberrant splicing and clinically lead to
retinitis pigmentosa, a blinding disease that is caused by
dysfunction and apoptosis of rod photoreceptors in the
retina.
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The U1 snRNP (U1) recognizes SD during the first steps of
splicing. Due to the two identified mutations the interaction
between the SD and U1 is weakened. As a therapeutic
approach, we engineered U1 variants that were designed to
efficiently bind to the mutated SD. Lentiviral shuttles were
used to treat patient-derived fibroblasts with these U1
variants. Increasing the binding affinity of U1 corrects the
mutation-induced splice defect in both cases. The
therapeutic efficacy is dose dependent.

1

School of Genetics & Microbiology, Trinity College Dublin,
2
Dublin, Ireland, Institute of Zoology, Johannes Gutenberg
University Mainz, Mainz, Germany
In the past decade recombinant adeno associated virus
(AAV) has become the vector of choice for many gene
therapy applications. The success of AAV as a vector for
gene therapy is related to its good safety profile, low
immunogenicity and high transduction efficiency in dividing
and non-dividing cells and its ability to target a broad range
of cell types employing naturally occurring and engineered
serotypes. Recent clinical trials with AAV2/2 have provided
evidence that AAV2/2 is well tolerated in the human eye
subsequent to subretinal administration of virus. Recent
findings from our team exploring novel AAV-delivered gene
therapies for two inherited ocular disorders, that is,
mitochondrially inherited Leber Hereditary Optic Neuropathy
(LHON) and autosomal dominantly inherited Rhodopsinlinked Retinitis Pigmentosa (RHO-adRP) will be presented.
The different AAV serotypes used for gene therapies for
these ocular disorders, the routes of administration
employed and the murine models adopted to explore
potential therapeutic benefit will be discussed. Recent
findings in relation to the benefit provided by subretinal
delivery of a dual component AAV2/5-based therapy for
RHO-adRP encompassing RNA interference (RNAi)mediated suppression of rhodopsin in conjunction with
rhodopsin gene replacement in a mouse model of RHOadRP will be presented. In addition preliminary results
demonstrating
benefit
associated
with
intravitreal
administration of an AAV2/2 vector incorporating a complex I
substitute to compensate for the complex I deficiency in
LHON will also be outlined.

The U1-based gene therapy constitutes a promising
technology to treat different SD mutations independent of the
causative gene.
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DEVELOPING CONE AND ROD PHOTORECEPTOR
TRANSPLANTATION FOR RETINAL REPAIR
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The scale of untreatable blindness involving the death of
photoreceptors provides a strong impetus for the
development of new stem cell therapies. Our goal is to
develop photoreceptor replacement therapy via the
transplantation of donor cells generated in vitro from
pluripotent stem cell lines. To this end, we first identified
optimal donor cell populations from the developing retina
that generate large numbers of newly integrated rod
photoreceptors after transplantation into adult mouse
retinae. We showed that when transplanted subretinally,
immature post-mitotic NrlGFP photoreceptor precursor cells
migrate into the host outer nuclear layer and differentiate to
form new functional rod photoreceptors. Using a CrxGFP
transgene to isolate donor precursor cells we also
demonstrated the feasibility of cone transplantation, although
the adult retina limits the number of new integrating and

COI/Financial disclosure: GJF & PFK are directors of
Genable Technologies; NC, SM-W, AP & MOR are
consultants for Genable Technologies.
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differentiating cones and favours rod integration. In order to
develop cell selection strategies that can be used to isolate
pure populations of optimal-stage donor precursor cells
without genetic labelling from stem cell cultures, we
analysed the transcriptomes of NrlGFP- and CrxGFPexpressing precursors to define panels of cell surface
markers. We showed that transplantation-competent
precursor cells can be efficiently isolated by flow sorting from
a heterogeneous mix of cells using antibodies recognising
cell surface antigens without loss of viability and with
increased integration efficiencies. A panel of cell surface
markers was identified that in combination facilitates the
isolation of post-mitotic rod precursors from differentiated
embryonic stem cells and the removal of undesirable or
mitotically active retinal cells that present a tumorigenic risk.
Refinement of strategies to select transplantation-competent
precursor cells from renewable sources is a prerequisite for
the development of a future photoreceptor replacement
therapy for retinal disease.

downregulation in Rd10 retina equally regulates Müller cell
activation and photoreceptor degeneration. In a therapeutic
point of view, combination of neuroprotective approach by
inhibiting Bmi1 with a gene replacement strategy sounds
pertinent: AAV2/8 vector expressing the Pde6ß gene is only
effective when administrated at an early age in the Rd10
mouse.
In conclusion, our results show a dual role of Bmi1 deletion
-/in the rescue of Rd1;Bmi1 photoreceptors. Indeed, the loss
of Bmi1 reduces Rd1 retinal degeneration, and enhances the
activation of Müller glia. In addition, the emergence of cells
expressing a retinal progenitor marker in the ONL suggests
Bmi1 as a blockade to the regeneration of retinal cells in
mammals. Manipulating these pathways by gene transfer
may delay the degenerative process.
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TARGETING POLYCOMB GROUP PROTEINS TO
REGULATE RETINAL DEGENERATION AND
REGENERATION
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Background: Cyclic nucleotide-gated (CNG) channels are
indispensable for vision as they mediate the final step of
phototransduction, the conversion from chemical to electrical
signaling. In case of genetic deficiency, the disease
phenotype follows the molecular composition of CNG
channels, which differs between rods (A1/B1 subunits) and
cones (A3/B3 subunits). Congenital absence of cone
photoreceptor function is associated with strongly impaired
daylight vision and loss of color discrimination in human
achromatopsia, whereas the corresponding rod disease
leads to the potentially blinding retinitis pigmentosa (RP).
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In Rd1 and Rd10 mouse models of retinitis pigmentosa, a
mutation in the Pde6ß gene results in the accumulation of
cGMP in photoreceptors leading to their rapid loss. We
observed re-expression of cell cycle proteins in
photoreceptors prior to death, a feature that is common to
neurodegenerative diseases. Among regulators of cell cycle
progression, the polycomb group protein Bmi1 inhibits CDK
inhibitors and, in our hands, its deletion markedly rescues
the Rd1 retinal degeneration. We thus evaluated the effects
of Bmi1 loss in photoreceptors and Müller glia, since in lower
vertebrates, these cells respond to retinal injury through
dedifferentiation and regeneration of retinal cells. We further
addressed the possibilities to regulate retinal degeneration
and regeneration through genetic and virus-mediated gene
transfer approaches.

Methods: Adeno-associated virus (AAV)-mediated gene
replacement therapy was applied in CNGA3- and CNGB1deficient mouse lines to treat the loss of cone or rod function
and the subsequent degeneration. The rAAVs designed to
express mouse CNGA3 or CNGB1 under control of
respective photoreceptor-specific promoters (mouse S opsin
or rhodopsin) were injected into the subretinal space of 2
week-old knockout mice. Treatment success was monitored
using immunohistochemistry, in vivo electrophysiology and
imaging, and behavioral assays.

-/-

In Rd1;Bmi1 photoreceptors, Bmi1 loss reduces CDK4
expression and cell death at P15, although cGMP
accumulation and TUNEL staining are detected at the onset
of retinal degeneration at P12, suggesting that the initial loss
-/of Rd1;Bmi1 photoreceptors may be compensated. We
demonstrated that Bmi1 loss in the Rd1 retina enhances
Kip1
Müller glia activation by downregulation of p27 , that these
cells migrate toward the ONL, and that some cells express
the retinal progenitor marker Pax6 at the inner border of the
ONL. These events are also initiated, but to a lesser extent,
in Rd1 and Rd10 retinas. Using the GFAP-Cre mouse (JAX),
we are currently establishing lineage tracing experiments
targeting Müller cells to determine their implication in the
regeneration of photoreceptors and the maintenance of the
-/Rd1;Bmi1 ONL thickness. As an alternative to genetic
crosses, we are exploring the efficiency of virus-mediated
siRNA transfer in Müller glia (LV-Mokola) or photoreceptors
(AAV2/8), in order to determine whether Bmi1

Results: Our key finding is that viral gene replacement
therapy is successful in the treatment of both rod and cone
CNG channelopathies of the retina. In the treated CNGA3−/−
achromatopsia model, cones originally nonfunctional from
birth acquired the ability to generate and pass on responses
in a regular manner. Downstream, we found that ganglion
cells from treated, but not from untreated, CNGA3−/− mice
displayed cone-driven, light-evoked, spiking activity. Finally,
our data show that the newly acquired sensory information
was translated into cone-mediated, vision-guided behavior.
In the morphological analysis of the retina, we found that
expression of CNGA3 normalized cyclic guanosine
monophosphate (cGMP) levels in cones, delayed cone cell
death, and reduced the inflammatory response of Müller glia
cells that is typical of retinal degenerations. Together with
further long-term and late-onset of therapy data, our results
strongly suggest that achromatopsia patients may as well
benefit from such gene replacement therapy. Although work
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has not yet progressed that far in the CNGB1−/− mouse
model of RP, the current results are similarly encouraging.
Rod photoreceptor viability and outer segment morphology
were greatly improved and their function restored.

(ONH) to OPP challenges induced by reducing BP or
increasing IOP in normal nonhuman primates.
Methods: Under general anesthesia (pentobarbital, 8-12
mg/kg/h, intravenous infusion), IOP in the tested eye was
manometrically controlled; BP was registered via a
cannulated artery. A laser speckle flowgraph device (LSFG,
Softcare, Japan) was used to measure BF in ONH. In Exp 1
(n=8), BP was maintained either in a high (102±12 mmHg),
medium (70±4.7 mmHg) or low (56±4 mmHg) range. IOP
was then rapidly altered from 10 to 30 mmHg. BF during the
IOP change were recorded and compared among the three
groups. In Exp 2, IOP in one eye each of 10 animals (IOP
group) was increased slowly from 10 to 50 mmHg within ~1
min. In 6 animals (BP group), BP was reduced by slow bolus
injection of pentobarbital while IOP was controlled at 10
mmHg. In both groups, BF was recorded continuously until
OPP was ≤25 mmHg. Average BF changes during every 5
mmHg OPP decrease relative to baseline values was
averaged for each group and compared within and between
groups.

Conclusions: Our data provide clear evidence that the
functional restoration in channelopathies of the central
nervous system with AAV-mediated gene therapy is possible
and effective. In models of Achromatopsia as well as RP,
function in treated areas was restored and photoreceptor
viability greatly improved. These results form an excellent
basis for the translation to human patients.
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A NEW METHOD FOR RETINAL VESSEL ANALYSIS IN
RODENTS
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Exp 1: In high-BP group, BF had only transient decrease (14%) during IOP alterations. The same IOP alterations
caused significantly larger BF decrease in medium and low
BP groups (-39% and -49%, respectively, P< 0.01 for both).

Due to a lack of appropriate instruments, real time and
continuous measurements of retinal vessel diameters yould
not be performed in untol recently. In the present study, a
novel, non-contact instrument (RCR 01) for retinal vessel
analysis is evaluated and well known vasoactive agents are
used for functional testing. Anesthetized Brown-Norway rats
(n= 12) were tracheotomized and respired with room air. The
femoral artery and vein were cannulated for blood pressure
measurement and drug administration. Sodium hyaluronate
eye drops were used to keep a stable tear film and the
cornea moisture. The retinal vessel diameters were
measured with a non-contact fundus camera and the Imedos
RVA Research software tool. After a 1 minute baseline
measurement, 100% oxygen or L-NAME i.v. (5 mg/kg) were
given and the vessel diameters were recorded over a period
of 6 minutes. Hyperoxia increased the blood pressure by
12,4 ± 4,37 % after 6 minutes, it decreased the arterial
vessel diameter by 12,39 ± 4,37 % and the venous diameter
by 4,89 ± 0,7 %. L-NAME application increased the blood
pressure by 45,14 ± 12,24 %, it decreased the arterial vessel
diameter by 6,52 ± 1,59 % and the venous diameter by 1,86
± 0,75 %. The RCR 01 non-contact fundus camera provides
stable and accurate diameter measurements of retinal
vessels in rats. It enables the use of rat models for
investigations of the role of retinal vessel diameters in ocular
and cardiovascular diseases. The effects of hyperoxia and LNitro-Arginine Methyl Esther (L-NAME) are comparable to
the effects published for other species.

Exp 2: The average OPP at baseline was 57.0 ±0.7 mmHg
in IOP group and 53.0 ±1.9 mmHg in BP group. The BF in
IOP group did not decrease significantly until OPP was
reduced to ≤30 mmHg; while in BP group, BF decreased
significantly when OPP was reduced to 35 mmHg.
Comparing with BF changes between the two groups at
same OPP levels, BF in BP group was decreased
significantly more than that in IOP group as long as OPP
was ≤35 mmHg.
Conclusions: The results show that ONH BF is better
regulated against declining OPP when the latter is induced
by changing IOP than by BP. It suggests that BP-related
OPP changes may be even more important than IOP in
contributing to glaucomatous optic neuropathy.
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CENTRAL SEROTONERGIC INFLUENCES ON THE
PARASYMPATHETIC CONTROL OF CHOROIDAL
BLOOD FLOW IN RATS
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The parasympathetic preganglionic component of the facial
nucleus, the superior salivatory nucleus (SSN), increases
choroidal blood flow (ChBF) via the pterygopalatine ganglion
(PPG). As part of an effort to understand the role of SSNmediated ChBF control, we have used a variety of
anatomical techniques to identify several CNS cell groups
that project to the SSN. This presentation will summarize our
anatomical and physiological data in rats that support a role
for a serotonin (5HT)-containing projection to the SSN from
the pontine raphe (PPR) that is involved in the regulation of
ChBF. In one set of studies, intrachoroidal injections of the
trans-neuronal retrograde tracer pseudorabies virus (PRV)
showed that both the hypothalamic paraventricular nucleus
(PVN) and the PPR project to the choroidal SSN. Injections
of the anterograde tracer, biotinylated dextran amine 10K

OPTIC NERVE HEAD BLOOD FLOW RESPONSE TO
BLOOD PRESSURE AND INTRAOCULAR PRESSURE
CHANGES
L. Wang, G.A. Cull, C. Piper, Y. Liang, B. Fortune
Devers Eye Institute, Legacy Research Institute, Portland,
OR, USA
Background and aims: Ocular perfusion pressure (OPP),
defined as the difference between arterial blood pressure
(BP) and intraoclar pressure (IOP), is the driving force of
ocular blood flow. However, BP and IOP may interact and
affect blood flow (BF) differently. The aim of the study was to
investigate the BF response within the optic nerve head
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(BDA), into the PVN confirmed that it projects to choroidal
SSN, as well as to the PPR, and injection of the retrograde
tracer BDA3K into SSN confirmed that PPR projected
directly to SSN. Single and multiple immunolabeling
confirmed that PPR neurons projecting to choroidal SSN are
serotonergic and that choroidal SSN neurons possess
5HT2A receptors. Laser Doppler flowmetry showed that iv
administration of 0.1mg of the 5HT antagonist, ritanserin
reduced the increase in ChBF observed with PPR electrical
stimulation to 30% of pre-ritanserin levels. Immunolabeling
for c-fos confirmed PPR stimulation sites, and further
revealed that PPR stimulation yielding ChBF increase also
induced c-fos in neuronal nuclei of the nucleus of the tractus
solitarius (NTS), rostral ventral lateral medulla (RVLM), as
well as SSN. The interconnectedness of the PVN, PPR,
NTS, and RVLM indicated by the present data reflect their
well documented roles in sympathetic regulation of
peripheral vasculature. The present data indicate that
serotonergic PPR neurons are also part of the central
parasympathetic circuit regulating choroidal vasodilation via
SSN.
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TRANSLATION OF ANIMAL STUDIES TO CLINICAL
TREATMENT OF RETINAL VASCULAR DISEASE
T. Bek
Department of Ophthalmology, Aarhus University Hospital,
Aarhus C, Denmark
Disturbances in retinal blood flow are involved in the major
vision threatening retinal diseases including diabetic
retinopathy. An improvement of the vision prognosis in these
diseases is hampered by the lack of suitable methods for
studying the basic mechanisms involved in the regulation of
retinal blood flow in vivo.
The presentation will show an approach for studying the tone
regulation of retinal vessels on animal tissue using newly
developed in vitro techniques. The results from these in vitro
studies have subsequently be transferred to clinical
intervention studies aimed at normalizing the diameter of
retinal vessels in patients with diabetic retinopathy.
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CHARACTERIZATION OF PERICYTES IN RETINAL AND
UVEAL VASCULATURE
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IN VIVO MOLECULAR IMAGING OF RNA BIOMARKERS
IN RETINAL VASCULAR DISEASE

Purpose: Pericytes adjoin blood vessels and are important
for vascular development, stabilization and remodelling.
Since they show the ability for contraction in cell culture as
well as in experiments on isolated microvessels, they might
play a role in blood flow regulation. However, due to the lack
of appropriate models and technical limitations, this has not
been proven in vivo. The aim of the study was to
characterize pericytes in the retinal and uveal vasculature
and to analyse whether our existing transgenic rat model
(DCX-dsRed) will be suitable to study pericyte function in
vivo.
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Molecular imaging strategies for early detection of retinal
vascular diseases are needed for improving clinical
diagnosis, timeliness of therapeutic intervention, and
assessment of therapeutic response. Approaches for
molecular imaging of the retina have been limited by a lack
of molecularly-targeted imaging agents capable of targeting
disease biomarkers in vivo with sufficient sensitivity and
safety. To address the need for clinically-relevant retinal
molecular imaging agents, hairpin DNA functionalized gold
nanoparticles (hAuNP) featuring optical contrast agents and
RNA-specific nucleic acid targeting sequences were
developed to noninvasively imaging any messenger RNA or
microRNA biomarker in the retina. The goal of this study was
to evaluate the utility of hAuNP for longitudinal imaging of
mRNA and microRNA biomarkers in an animal model of
laser-induced choroidal neovascularization (LCNV), with the
long-term goal of developing imaging agents for clinical
detection of subclinical and advanced CNV. hAuNP
designed to specifically target the CNV-relevant mRNA
biomarkers HIF1α and VEGFR2, as well as the microRNA
23-24-27 family members, were evaluated using in vitro
endothelial cell cultures and mouse models of LCNV.
Nonspecific control hAuNP and hAuNP targeting
housekeeping mRNA transcripts were utilized in parallel as
negative controls and normalization of emission signal,
respectively. hAuNP were specific for their targets in cell
cultures and tissue as evaluated by confocal imaging, in situ
FISH analysis, flow cytometry, and spectrophotometry.
Specific imaging of RNA biomarkers was achieved in retinal
tissue using in vivo retinal fluorescence imaging of LCNV
animal models. Intravenous or subretinal administration of
hAuNP was not associated with adverse effects on retinal
tissue as evaluated by cell proliferation, ERG and TUNEL
analysis. hAuNP are promising clinically translatable
nanoscale imaging agents which can be utilized in

Method: Eyes from wild-type and DCX-dsRed rats were
analyzed for pericyte, endothelial and neuronal markers
using immunohistochemistry. Single and double staining
experiments in whole mounts and sections against NG2,
PDGFRb, CD146, CD31 and α-smooth muscle actin were
performed and compared with cells positive for DCX-dsRed.
Confocal laser scanning microscopy was used for
documentation.
Results: In the retina, pericytes can be identified reliable
with NG2 on capillaries, while on larger vessels it is difficult
to differentiate between smooth muscle cells and pericytes.
DsRed-positive perivascular retinal cells did not co-localize
with NG2, PDGFRb, CD146, and CD31, while in the choroid
their processes protrude around vessels and co-localize with
the aforementioned pericyte markers.
Conclusion: We were able to identify perivascular cells in
the retina and choroid. DsRed-positive perivascular cells in
our transgenic rat model did not represent pericytes in the
retina, however a subpopulation of choroidal dsRed positive
cells co-localize with the pericyte markers NG2, PDGFRb
and CD146. Although these choroidal dsRed positive cells
do not represent the overall population of choroidal
pericytes, they might be usefull for further studies on pericyte
function in vivo.
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Background and aims: The administration of bevacizumab
following Glaucoma Filtration Surgery (GFS) inhibits scarring
resulting in bleb survival in experimental models and in the
clinic. The mechanism of action however remains unclear.
Our aims were (i) to develop high-resolution FA and ICG
angiography of the conjunctiva to study blood vessel
properties during the healing process and (ii) to examine the
effect of anti-VEGF drug on the blood vessels following GFS.

conjunction with clinically-available ophthalmic imaging
instrumentation for noninvasive, high sensitivity, and high
specificity imaging of RNA disease biomarkers in retinal
vascular disease.
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Methods: A rabbit scarring model of GFS was used with 5
arms (n=5) as follows: (A) bevacizumab injection (1.25 mg);
(B) water sponge; (C) MMC (0.2 mg for 2 min); (D) IgG
ocular tablet (prolong release formulation,1.25mg); (E)
bevacizumab ocular tablet (prolong release formulation,1.25
mg). High-resolution FA and ICG angiography with HRAII
using adaptive lens was used at various time points postoperatively. Osirix and Matlab software was used for 3-D
image reconstruction and FA angiography respectively. The
coefficient factor (k) of the averaged signal in designated
areas (10x10 pixels) to the linear trend line was used as an
indicator of leakage in FA angiography with a higher
coefficient factor indicating increased leakage.

ANTILYMPHANGIOGENIC THERAPY IN CORNEAL
TRANSPLANTATION
C. Cursiefen
Dept. of Ophthalmology, University of Cologne, Cologne,
Germany
Current concepts on how to improve corneal graft survival by
targeting pathologic corneal blood and lymphatic vessels are
discussed. The safety and efficacy of different novel
anti(lymph)angiogenic treatment approaches are evaluated.
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Results: Comparing preoperative and terminal time points,
there was no significant difference in the blood vessel
surface area measurement for the water sponge group.
There was also no significant difference in the blood volume
and surface area of vessels for the MMC, bevacizumab
injection and water sponge groups. The group treated with
the prolonged release formulation of bevacizumab displayed
less leakage compared to the water sponge group at day 3.
Quantitative measurement showed that for the area around
the tube at day 3, the water sponge group had significantly
higher leakage (k=10) compared to the groups treated with
bevacizumab and IgG (K≈4). The MMC treated group also
displayed high leakage (k≈9). Low leakage was observed in
all groups at day 10, 17, 24 and 30, suggesting the absence
of significant neovascularization.
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ANTILYMPHANGIOGENIC THERAPY IN DRY EYE
DISEASE
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Recent data from our research group, using an experimental
model of dry eye disease (DED), has shown that DED is
associated with a relatively selective ingrowth of corneal
lymphatics, without significant hemangiogenesis (blood
vessel growth). This neo-lymphangiogenesis is associated
with significant increase in pro-lymphangiogenic molecules
VEGF-C and VEGF-D. Interestingly, we have shown that this
ligand overexpression is driven by IL-17A, a product of Th17
cells that have been implicated in several studies to be the
principal T cell population that mediates the ocular surface
damage in DED. In a series of experiments we
demonstrated that anti-VEGF-C treatment can abrogate the
lymphangiogenic response in DED, thereby suppressing the
trafficking of antigen-presenting cells to the lymphoid
compartment where T cells are primed. Anti-VEGF-C
treatment is also associated with a significant amelioration of
the corneal surface damage seen in DED. These data link
the TH17/IL17 response to lymphatic development and the
amplification of autoimmunity in DED and suggest that
strategies targeting IL-17A and/or pro-lymphangiogenic
molecules, such as VEGF-C, can be effective and novel
modalities in the treatment of DED.

Conclusions: The prolonged release formulation of
bevacizumab showed substantially prolonged bleb survival
compared to MMC. Using an adaptive lens, HRAII can
capture high-resolution 3-D images to quantitatively examine
the length, volume and leakiness of the conjunctival blood
vessels. The MMC and water sponge groups displayed
relatively high leakage in their conjunctival blood vessels
during the early phase of wound healing following GFS. At
the resolution of HRAII, it does not appear that
neovascularization plays a major role in conjunctival wound
healing.
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NEUROTOXIC EFFECTS OF VEGF DEPLETION AT THE
OCULAR SURFACE
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Background: In addition to its potent effects as a proangiogenic molecule, vascular endothelial growth factor
(VEGF) has been shown to be a potent stimulator of nerve
survival and growth. Anti-angiogenic therapy using antiVEGF antibodies is a promising treatment modality for the
treatment of corneal neovascularization, but could
conceivable cause diminished corneal innervation.

ANTIANGIOGENIC THERAPY IN FILTERING GLAUCOMA
SURGERY
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Methods: We examined the role of VEGF inhibition in
regulating corneal innervation in vitro and as well as in intact
and injured cornea.
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antiangiogenic properties. The purpose of this investigation
was to analyse the role of VEGF, bFGF, LYVE-1 and P2X2
in the antiangiogenic mechanism of suramab in a rabbit
model of corneal neovascularization.

Results: Neutralization of VEGF ligands through the
addition of anti-VEGF monoclonal antibodies or soluble
VEGF receptors abrogated the response of cultured
trigeminal neurons to VEGF. When VEGF signaling was
disrupted at the receptor level by neutralizing antibodies
against VEGF receptors 1 and 2, and Neuropilin-1, as well
as specific VEGF receptor kinase inhibitors, the in vitro
neuronal growth was again significantly decreased and
indicated that multiple receptor types may be responsible for
the neurogenic aspects of VEGF-mediated nerve growth. In
vivo studies demonstrated that VEGF has no significant
effect on existing nerves, but does cause substantial
increases in nerves undergoing repair. Addition of anti-VEGF
antibodies delayed corneal re-innervation following injury.

Methods: Corneal neovascularization was induced in three
groups of twelve White New Zealand rabbits, applying a filter
paper disc soaked in 1M Na (OH) on the central cornea.
Group 1 was treated after injury with intravenous Suramab
(S) at a doses equivalent to 3mg/kg of Bevacizumab and
10mg/kg of Suramin; Group 2 was treated with intravenous
Bevacizumab (B) at a dosis of 3mg./kg, and Group 3 did not
receive any treatment. Three and nine animals of each
group were sacrificed at 4 and 35 days post-injury. Western
blot was used to analyze VEGF, bFGF, LYVE-1 and P2X2
protein expression.

Conclusions: VEGF has a role in mediating corneal nerve
repair. Anti-VEGF therapy may decrease re-innervation, but
has little effect on baseline innervation. The use of antiVEGF therapy may require close monitoring in the setting of
neuropathic corneas.

Results: The presence of VEGF, bFGF, LYVE-1 and P2X2
proteins was significantly reduced in animals treated with
Suramab at 35 days postinjury. This group of animals had
much less corneal neovascularization than that found in the
other groups.
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Conclusions: Suramab inhibits corneal angiogenesis
through downregulation of VEGF, bFGF, LYVE-1 and P2X2
proteins expression. This pharmaceutical agent might be
useful to treat neovascularization and to prevent the
development of corneal blindness.
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NOVEL ANTI(LYMPH)ANGIOGENIC TREATMENT
OPTIONS FOR OCULAR SURFACE TUMORS
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Conjunctival carcinomas, conjunctival melanomas and
ciliochoroidal melanomas with extraocular extension are the
most common malignancies of the ocular surface showing a
propensity for lymphatic spread into the regional lymph
nodes. Tumor-associated lymphangiogenesis (i. e.,
outgrowth of new from preexisting lymphatic vessels) is
regarded as the initial step in lymphogenic metastasis of
several extraocular tumors. Recently, we could show that
tumor-associated lymphangiogenesis is also detectable in
malignant tumors affecting the ocular surface and seems to
be of prognostic significance for the risk of local recurrence,
lymphatic spread, distant metastasis and tumor-related
death in these entities. These findings may establish the
immunohistochemical
detection
of
tumor-associated
lymphangiogenesis as a useful tool in the ophthalmic
pathologic workup of malignant tumors of the ocular surface.
In the future, novel combined antihemangiogenic and
antilymphangiogenic therapies, such as bevacizumab
(Avastin; Roche, Welwyn Garden City, England), or specific
antilymphangiogenic therapies, such as anti-VEGF receptor
3 antibodies or integrin α5 blocking peptides, might help to
minimize the risk of local recurrence and lymphatic spread in
these patients.

IDENTIFICATION OF AFFERENT AND EFFERENT
COMPONENTS OF HUMAN CORNEAL NEOVASCULAR
COMPLEXES USING FLUORESCENT ANGIOGRAPHY
1,2

1,2

Background: Corneal clarity is vital for normal visual
perception. The normal cornea is therefore an avascular
structure. However in diseases ranging from injuries to
infection and inflammation, the cornea can become
vascularised. Due to new therapeutic agents and treatments
emerging for corneal new vessels, it is essential to better
understand and characterise these neovascular complexes
in order to target treatment effectively.
Aim of study: To characterise corneal neovascular
complexes using fluorescent angiography.
Methods: 20 patients with corneal neovascularisation from a
variety of causes were identified for the study, which was
conducted as per the tenets of Helsinki. Ten times
magnification colour imaging of the cornea was conducted
using a slit lamp biomicroscope camera. Indocyanine green
was injected intravenously and corneal angiography images
were acquired using an HRA2 Scanning Laser
Ophthalmoscope (Heidelberg Engineering, Germany). Two
independent observers analysed the images to determine
afferent and efferent arches of the neovascular complexes.

SURAMAB INHIBITS CORNEAL NEOVASCULARIZATION
BY DOWNREGULATING VEGF, FGF, LYVE-1 AND P2X2
EXPRESSIONS.
3

J.E. Gallo , E.S. Lopez , J.O. Croxatto
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S. Ahmad , A. Tey , Y. Zheng , M. Hodson , S. Kaye

Results: Comparison of colour images of the corneal
neovascular complexes and the fluorescent angiographic
images revealed that some small vessels could not be
identified on direct visualisation of the cornea but could by
angiography. The neovascular complexes varied from simple
few vessel to more complicated many vessel complexes. In
approximately half of the patients, fluorescent angiography

2

Ophthalmology, Hospital Universitario Austral, Facultad de
3
Ciencias Biomedicas, Universidad Austral, Pilar, Patologia
Ocular, Fundacion Oftalmologica Argentina 'Jorge Malbran',
Buenos Aires, Argentina
Background and aims: We have previously shown that
Suramab, a novel pharmaceutical compound, has
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could identify clear afferent and efferent vessels within the
vascular complex.

Ophthalmology, University of Occupational and
Environmental Health, Fukuoka, Japan

Conclusions: This study firstly shows that fluorescent
angiography is able to identify vessels within the
neovascular complexes that cannot be identified by direct
visualisation. This study also shows for the first time that
corneal neovascular complexes have afferent and efferent
vessels and that these can be identified by fluorescent
angiography. This will enable the identification of afferent
vessels in the complex which can subsequently be targeted
for therapy.

Purpose: It has been reported that toxic anterior segment
syndrome (TASS) or corneal endotheliitis as the adverse
effects of intravitreal anti-vascular endothelial growth factor
#1,2
(VEGF) drugs . However, it has not yet been revealed the
mechanisms of their toxic effects on corneal endothelial cell.
Then, we examine the corneal biocompatibility of three antiVEGF drugs (ranibizumab, pegaptanib and bevacizumab) on
cultured corneal endothelial cells.
Methods: We used cell cultures of corneal endothelial cells
(CECs) which were purchased from the American Type
Culture Collection as ATCC CRL 2048. The CECs were
exposed to various concentrations of ranibizumab (0.125-3.0
mg/mL), pegaptanib (0.075-1.8 mg/mL) and bevacizumab
(0.25-6.0 mg/mL). The cell viability was evaluated by
measuring the WST-8 [2-(2-methoxy-4-nitrophenyl)-3-(4nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium,
monosodium salt] assay, which based the mitochondrial
dehydrogenase, at days 1 and 4 after exposure. For
cytotoxicity testing, confluent cells were cultured in serumdepleted medium, and the WST-8 assay was performed
after 24 hours of incubation. Cell morphology was assessed
with a phase-contrast microscope after 7 days of exposure
with different concentrations of each anti-VEGF drug, and
signs of cellular damage were also assessed. Moreover, we
investigated the cytoadherence of these cells by
immunostaining with E- and N-cadherin.

COI/Financial disclosure: Nothing to disclose
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A NEW METHOD TO EVALUATE THE CONJUNCTIVAL
HYPERAEMIA BY CALCULATING THE VASCULAR
PARAMETERS ON OCULAR SURFACE IMAGES
K. Wu, Z. Li, Q. Huang
Zhongshan Ophthalmic Center, State Key Laboratory of
Ophthalmology, Sun Yat-sen University, Guangzhou, China
Objective: This study aims to develop an objective
approach to assess the conjunctival hyperaemia according
to the ocular surface photographs.
Methods: Six healthy adult volunteers (age 22-30, 4 males
and 2 females) were photographed with the TOPCON SL-D7
slit lamp (Nikon D200 camera) at four directions (up, down,
nasal and temporal sides) with or without applying
stimulating eye drops at 0, 10 and 20 minutes. Using ImageJ
software, on the image of RGB green component, an arc line
o
(30 ) 4 mm away from limbus was drawn. We got a graph
under the line, which is corresponding to the profiles of the
vessels. The graph peaks were analyzed to obtain its
height(PH), width(PW) and PH/PW as well as peak
numbers. For comparison, an area with 300×300 pixels was
used to calculate the pixels, which was reported to evaluate
the hyperaemia in literature. Also the different vascular
parameters of conjunctival and superficial sclera vessels
were analyzed. The statistical analysis was performed to
determine the stability and to compare the differences.

Results: There was no significant change in each
absorbance at 450 nm with WST-8 assay on CECs of each
drug. That is, no cytotoxic effect of ranibizumab, pegaptanib
and bevacizumab on CECs could be observed when used at
concentrations of 3.0, 1.8, 6.0 mg/mL or lower, respectively.
In the morphologic study, the cells treated anti-VEGF drugs
showed no signs of cellular damage and no changes of the
cytoadherence compared with the control.
Conclusions: Anti-VEGF drugs (ranibizumab, pegaptanib
and bevacizumab) are not toxic to corneal cells in vitro until
24-fold higher dose of usual intravitreal application.
#1 Ophthalmology. 2010;117(3):512-6, #2 Ophthalmology.
2008;115(11):1911-5
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Results: The hyperaemia shown by PH, PW, PH/PW and
perk numbers revealed that there were no statistically
significant differences in the same orientation between both
eyes of an individual. Compared with previous methods of
calculating the pixels in an interesting region, the current
method reveals outcome data with smaller coefficient of
variation, especially for PH/PW (< 0.2 vs >0.3). After
stimulating with eye drops, the hyperaemia peaked at 10 min
and lowered at 20 min, with a weaker change in the up
orientation. 95% of PH/PW was less than 0.87 in
conjunctival vessels and more than 1.00 in superficial sclera
vessels.

O184
SNAPSHOTS OF ALPHA-CRYSTALLIN DOMAINS
A. Clark
Birkbeck College, London, UK
Αlpha-crystallin, a major component of the eye lens
cytoplasm, is a member of the small heat shock protein
(sHsp) family. The sequences of alphaA (HSPB4) and
alphaB (HSPB5) contain an “alpha-crystallin domain” (ACD),
flanked by sequence extensions. X-ray and NMR 3D
structures of ACDs from various vertebrate sHsps have been
resolved and shown to form dimers that are different from
those seen in sHsps from prokaryotes and plants. The dimer
interface can form a shared groove that may be a binding
site for peptides or regulatory metabolites. Support for the
importance of this groove for function comes from inherited
point mutations in the ACD of alphaA and alphaB that cause
cataract and/or adult-onset myopathy. The crystal structure
of the ACD dimer of one of these mutants, alphaB R120G,
shows that the mutation results in the groove being blocked.
Sequence analyses of human sHsp family members show
that HSB7 and HSPB8 dimers have interfaces that are
distinct from HSPB1-B6. Alpha-crystallin may have been
recruited to the lens because it can act as a “holdase”

Conclusion: A new method, by calculating the vascular
parameters on ocular surface images, was introduced to
quantitatively evaluate ocular hyperaemia and to distinguish
the superficial sclera and conjunctival hyperaemia.
COI/Financial disclosure: Nothing to disclose
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THE SAFETY EVALUATION OF INTRAVITREAL ANTIVEGF DRUGS ON CULTURED CORNEAL ENDOTHELIAL
CELLS
T. Nagata, N. Miyamoto, R. Sohma, H. Kondo, A. Tawara

62

chaperone, or because small heat shock protein assemblies
make good packing proteins that resist light scattering phase
separation. The changes in sequence, conformation and
registration at this interface can be envisaged as contributing
to a dynamic chaperone mechanism. Equally, features that
increase polydispersity are likely to make good packing
proteins that resist light scattering phase separations.
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Γ-CRYSTALLIN MUTANTS LINKED TO HEREDITARY
CATARACT: WHERE DID ALL THE GOOD
CHAPERONES GO?
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H. Mchaourab
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Vanderbilt University School of Medicine, Nashville, TN,
USA

THE CRYO-EM STRUCTURE OF ΑB-CRYSTALLIN

The chaperone activity of the lens chaperone, α-crystallin, is
hypothesized to maintain lens transparency by suppressing
the aggregation of damaged or modified proteins prone to
unfolding. However, despite a wealth of studies describing
its interactions with model substrates, the understanding of
α-crystallin binding to lens β- and γ-crystallin is limited. The
discovery of γ-crystallin mutants that cause congenital
cataract in human and mouse models provides a unique
opportunity to explore their recognition by α-crystallin and
ensuing chaperone interactions. For this purpose, we
characterized the unfolding equilibrium of two cataract-linked
γ-crystallin mutants, I4F and V76D, and

N. Braun, J. Peschek, J. Buchner, S. Weinkauf
Chemistry Department, Technische Universität München,
Garching bei München, Germany
The molecular chaperone αB-crystallin, the major player in
maintaining the transparency of the eye lens, prevents
stress-damaged and aging lens proteins from aggregation.
In non-lenticular tissues, it is involved in the development
and progression of aging-associated diseases. αB-crystallin
assembles into large, dynamic and “heterogeneous”
oligomers. These properties hampered high-resolution
structure analysis on the functionally assembled, full-length
protein for many decades. Earlier crystallographic and NMR
studies on truncated forms of αB-crystallin shed light on the
structural organisation of only one region of the protein and
thus, failed to provide a “full picture”. Here we present a
pseudoatomic model of αB-crystallin 24mer obtained by a
triple hybrid approach combining data from cryo-EM, NMR
and structural modeling/MD simulations and validated by
cross-linking/mass spectrometry. We further present the
structures of a large number of other assemblies co-existing
in equilibrium, and provide the structural basis for the
formation of different oligomers and how heterogeneity is
achieved by a small set of defined structural variations.
Moreover, we analyse and define the factors modulating the
oligomer equilibrium of αB-crystallin and thus, its chaperone
activity. Taken together, our data fill a critical, yet missing
link between the static picture of αB-crystallin and its
dynamics, and hence, provide mechanistic insight into its
action.

investigated their interaction with αA- and αB-crystallin
subunits. Binding was detected by changes in the
fluorescence intensity and anisotropy of a bimane probe site
specifically attached to γD-crystallin.Our results suggest that
a subclass of γ-crystallin destabilized mutants escape quality
control by the resident lens chaperones, a result which
rationalizes the observation that these mutants form large
aggregates in the lens. A corollary of our findings is that agerelated modifications in γ-crystallins N-terminal domain may
not interact with α-crystallin allowing them to nucleate
aggregation and scatter light. Because these interactions
were probed in dilute solutions, they understate the effects of
crowding on the kinetics and thermodynamics of crystallin
association. Therefore, we have initiated a program to create
transgenic zebrafish (Danio Rerio) models of cataract-linked
mutants of crystallins. Preliminary data shows that these
mutants confer a cataract phenotype on zebrafish setting the
stage for testing the chaperone hypothesis of α-crystallin in
the intact lens of a living organism.
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DEVELOPMENT OF HIGH HYDROSTATIC PRESSURE
CIRCULAR DICHROISM SPECTROSCOPY FOR
STUDYING LENS PROTEINS STRUCTURE
1

POSTTRANSLATIONAL MODIFICATIONS AND
SUBSTRATE INTERACTIONS OF ALPHA-CRYSTALLIN

2

J. Horwitz , J. Mccoy
1

J. Peschek, J. Buchner
2

Ophthalmology, Jules Stein Eye Institute, Ophthalmology,
Jules Stein Eye Institute, UCLA, Los Angeles, CA, USA

Technische Universität München, München, Germany
The molecular chaperone alphaB-crystallin protects eye lens
proteins from stress-induced aggregation. In non-lenticular
cells, it is involved in various neurodegenerative diseases,
multiple sclerosis and cancer. Its cellular function is to bind
partially unfolded polypeptides in order to prevent the
formation of detrimental protein aggregates. In complex with
alphaB-crystallin, the clients are kept in a refoldingcompetent state. This holdase function allows separating the
binding of unfolded polypeptides from the refolding by ATPdependent chaperones. Thus, alphaB-crystallin assists in
sustaining cellular proteostasis. The activity of alphaBcrystallin is regulated by posttranslational modifications.
Upon various kinds of stress it is phosphorylated at distinct
serine
residues.
We
elucidated
the
effects
of
phosphorylation on the quaternary structure and chaperone
activity of alphaB-crystallin by studying phosphorylationmimicking mutants. We show that phosphorylation-induced

Protein function is often linked to conformational
intermediates that exist in equilibrium with the ground state.
In many examples, these intermediate states exist as only a
small fraction of the total protein conformational ensemble.
High hydrostatic pressure has been proven to be is an
invaluable tool for populating low-lying, excited states to
levels amenable to spectroscopic detection. Here we
demonstrate the usefulness of high pressure for populating
such states as monitored by the novel technique of high
pressure circular dichroism (CD), that we have developed.
High pressure CD was employed to detect global changes in
secondary structure at elevated pressure (up to 200 MPa).
Specifically, we will show data on the effect of pressure on
the structure of wild-type alpha crystallins as well as alpha
crystallin mutations, alpha B-R120G and alpha A-Y118D.
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partial dissociation reduces the mean oligomer size and
increases accessibility to certain surfaces thereby altering
client binding. Furthermore, the interplay with the Hsp70
chaperone system in client protein remodeling is modulated
by phosphorylation.

O190
ABERRANT ACCUMULATION OF GLAUCOMAASSOCIATED OPTN E50K MUTANT PROTEIN
POTENTIATES THE GLAUCOMATOUS RETINAL
VULNERABILITY
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CELL TRANSDUCTION DOMAINS EFFECTS ON
CHAPERONE LIKE ACTIVITY AND CELLULAR UPTAKE
OF Α-CRYSTALLIN INTO MAMMALIAN CELLS
1

1

2

N. Mueller , D. Ammar , U. Kompella , J.M. Petrash
1

It has been reported some optineurin (OPTN) mutations are
relevant to neurodegenerative diseases such as primary
open angle glaucoma (POAG) and amyotrophic lateral
sclerosis. One of the POAG associated OPTN mutation
E50K has been strongly associated with onset of normal
tension glaucoma (NTG). We have generated number of
OPTN-mutant transgenic mice and previously reported that
the retinal phenotype of E50K transgenic mouse (E50K-tg)
exhibits thinner peripheral retina and increased cell death
without elevation of intraocular pressure (IOP). In
consideration of these backgrounds, the E50K mutation has
an impact on retinal homeostasis, while its precise molecular
functions and the mechanisms of NTG onset are still
remained to be clarified. To elucidate the underlying
pathogenesis of E50K-associated phenotype in retina,
further histological analyses of E50K-tg retinas were carried
out to assess the pre-glaucomatous retinal vulnerability. We
further conducted the LC-MS/MS proteomics to analyze the
functional differences between wild type OPTN and E50K
mutant and identified their dominant and distinct binding
partners. From the biochemical analyses, E50K mutant
protein exhibited the aberrant accumulation both under the
over expression and endogenous expression status. The
intracellular disparity between the wild type OPTN and the
E50K mutant protein is attributed to their distinct binding
partners, i.e., cancellation of the abnormal interaction of
E50K mutant and its binding partner eluded the aberrant
accumulation of E50K mutant protein. Thus, the E50K
mutation in OPTN alters the binding partners that evokes the
aberrant E50K-mutant protein accumulation, as well as the
possible deficiency of normal OPTN function in retina and
potentiates the retinal vulnerability, further leading to the
glaucomatous retinal insults without elevation of IOP.

1

2

Dept of Ophthalmology, Departments of Pharmaceutical
Sciences, Ophthalmology and Bioengineering, University of
Colorado Anschutz Medical Campus, Aurora, CO, USA
Purpose: Age-related decreased levels of native αcrystallins are thought to be associated with formation of
protein aggregates, loss of lens transparency, and onset of
nuclear cataract. In vitro assays show that α-crystallins
prevent aggregation of multiple substrates. We hypothesize
that reloading lens cells with therapeutic levels of
recombinant α-crystallin may delay or prevent cataract
formation. We conducted the current study to investigate the
effects of various cell penetration peptides on transduction of
crystallins into lens cells.
Methods: Recombinant human αB-crystallin was modified
by addition of either a TAT peptide or a novel protein
transduction peptide designed with reference to the herpes
simplex virus gC gene product (HSV-1 gC peptide). Fusion
proteins with TAT or HSV-1 gC peptide at the N-terminus
were over-expressed in E. coli and were purified to apparent
homogeneity. These proteins were characterized by size
exclusion chromatography to confirm the formation of high
molecular weight complexes (HMWC). Chaperone-like
activity (CLA) of αB-crystallins was evaluated by measuring
the suppression of chemically-induced aggregation of
substrate proteins. αB-crystallins were fluorescently-labeled
using the Alexa488 dye and were incubated with human lens
epithelial cells (HLE B3). Uptake of α-crystallins was
monitored by fluorescent microscopy for up to 72 hrs.
Stability of αB-crystallins was assessed by SDS-PAGE and
fluorescence analysis.
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Results: We examined the effects of fusing either of two
putative cell transduction peptides on the structure, CLA,
and cell transduction properties of human αB-crystallin. Only
after optimizing for codon efficiency, α-crystallin subunits
containing transduction peptides were abundantly expressed
and recovered from the soluble fraction from E. coli cell
lysates. These modified a-crystallin subunits formed HMWC
(≥650 kDa) and participated in exchange with subunits from
native a-crystallin. Fusion of the gC peptide had little or no
effect on the CLA of its cognate protein; however, fusion of
the TAT peptide resulted in diminished CLA under some
assay conditions. When wild-type α-crystallin proteins were
incubated with cultured cells, only limited protein uptake
occurred. In contrast, uptake of peptide tagged α-crystallins
was dramatically increased.

O191
MULTIPLE ROLES OF MYOCILIN ON OCULAR AND
NON-OCULAR TISSUES
H.S. Kwon, M.K. Joe, S.I. Tomarev
National Eye Institute, National Institutes of Health,
Bethesda, MD, USA
It is now well established that mutation in the MYOCILIN
(MYOC) gene may lead to juvenile-onset and adult-onset
primary open glaucoma. No myocilin-associated extraocular
phenotypes have been reported. Our previous results
suggested that expression of mutant myocilin makes cells
more sensitive to oxidative stress. We produced double
mutant mice expressing mutated human Y437H myocilin
mutant in the drainage structures and carrying only a single
copy of superoxide dismutase 2 (SOD2 (+/-)). Compared
with wild-type littermates or littermates carrying only SOD2
Y437H
, eight month-old double mutant mice
(+/-) or Tg-MYOC
showed 50% higher intraocular pressure, greatly reduced
the number of retinal ganglion cells, and severe depletion of
the retinal nerve fiber layer. These data suggest that a
treatment with antioxidative agents alone or in a combination
with small chemical chaperones to reduce endoplasmic

Conclusions: gC tagged αB-crystallin protein, like wild-type
αB-crystallin, formed HMWC, and inhibited protein
aggregation in vitro. Addition of the gC fusion peptide
conferred increased cellular uptake by mammalian cells
similar to a TAT tagged protein.
COI/Financial disclosure: Patent application for novel
cellular transduction domain
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reticulum stress may be considered as a viable therapy for
myocilin-induced glaucoma. Although Myoc null mice did not
show a glaucoma phenotype, we demonstrated that the
levels of myelin binding protein and myelin associated
glycoprotein were dramatically reduced in the optic nerve of
Myoc null mice. These led to defects in the myelination of
the optic nerve. Similarly, sciatic nerve of Myoc null mice
contained reduced levels of myelin basic protein and myelin
associated glycoprotein that led to deficiencies in its
myelination. Moreover, the organization of the nodes of
Ranvier was also abnormal in the sciatic nerve. We
demonstrated that myocilin signaling through the ErbB
receptors may contribute to the observed effects. Myocilin
binds to ErbB2/ErbB3 and ErbB1 and activated these
receptors. Phosphorylation of ErbB2 at Tyr1221 was
reduced in the sciatic nerve of Myoc null mice and increased
in transgenic mice expressing elevated myocilin levels
compared with wild-type littermates. Our data suggest that
myocilin is a multifunctional protein that may have diverse
functions in ocular and non-ocular tissues.

O193
THE ROLE OF THE FOXC1 REGULATORY NETWORK IN
GLAUCOMA PATHOGENESIS AND TREATMENT
RESPONSE
M. Walter
Medical Genetics, Faculty of Medicine and Dentistry,
University of Alberta, Edmonton, AB, Canada
Glaucoma is a leading cause of vision loss, with a
prevalence that increases with age. Since the average age
in western countries is increasing, blindness due to
glaucoma is of great clinical importance. We have shown
that mutation of the forkhead domain C1 (FOXC1)
transcription factor causes Axenfeld-Rieger Syndrome (ARS)
and glaucoma. The mechanisms that we uncovered from our
analyses of FOXC1 have revealed key steps in glaucoma
pathogenesis. Our analyses indicate that FOXC1 mutations,
acting though a variety of mechanisms, all have the net
effect of reducing FOXC1 transactivation capacity. Chronic
exposure to stresses (mechanical and oxidative) is a key
factor in glaucoma pathology. We found that FOXC1
regulates key aspects of ocular stress response, a critical
pathway in glaucoma pathogenesis. Reduced FOXC1
activity, as from FOXC1 mutations, alters the ability to
respond to stress and likely contributes to the early age of
onset of the recalcitrant glaucoma suffered by ARS patients.
We thus first studied FOXC1 to determine how FOXC1
functions, and now are using FOXC1 to understand how
disruptions in a complex regulatory network lead to
glaucoma. The 'FOXC1 regulatory network' consists of the
genes controlled by FOXC1, plus the proteins that interact
with, and regulate FOXC1 activity. Our goal is to use
knowledge of this FOXC1 regulatory network to improve
glaucoma treatment. FOXC1 itself, however, is not itself a
good therapeutic choice for glaucoma treatment. Subtle
increases or decreases of FOXC1 levels cause ocular
disease. Dramatic increases in FOXC1 levels are strongly
correlated with proliferative, migratory and invasive cellular
phenotypes in basal-like breast cancer. Therefore, we are
investigating the genes regulated by FOXC1, and the
proteins that interact with FOXC1 to regulate its function, as
points of entry to modify the FOXC1 regulatory network's
role in glaucoma. Our central hypothesis is that FOXC1
mutations result in the incorrect regulation of the genetic
network controlled by FOXC1, which in turn underlies the
early-onset glaucoma susceptibility of ARS patients. We
predict that the same stress response pathways that cause
early-onset glaucoma in ARS patients with FOXC1
mutations are involved in later-onset glaucoma in general
glaucoma patients who do not have FOXC1 mutations.
Thus, the study of the FOXC1 regulatory network is critical to
understand the mechanisms of both the rare inherited (e.g.,
ARS) and the common forms of glaucoma.
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CTGF IS A KEY MODULATOR IN THE PATHOGENESIS
OF PRIMARY OPEN ANGLE GLAUCOMA (POAG)
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The critical risk factor for optic nerve damage in primary
open-angle glaucoma (POAG), is an increased intraocular
pressure (IOP) caused by resistance to aqueous humor (AH)
outflow in the trabecular meshwork (TM). The molecular
pathogenesis of the increase in outflow resistance in POAG
has not been identified, but TGF-β2 may be involved, which
is found in higher amounts in POAG AH. Connective tissue
growth factor (CTGF) is a TGF-β2 target gene with high
constitutive TM expression. Herein, we investigated the
influence of CTGF on TM structure and the expression of
growth factors, ECM molecules and the actin cytoskeleton
both in vitro and in vivo. In vivo experiments involved IOP
measurements and quantitative analysis of optic nerve
axons. Transgenic mice were generated which overexpress
CTGF in the lens to secrete it into the AH. The effects of
higher amounts of CTGF were analyzed by RT-PCR,
immunoblotting, immunohistochemistry, light and electron
microscopy. IOP was measured by tonometry. Higher
amounts of CTGF in mouse AH increased IOP and caused
optic nerve damage. The changes were associated with an
induction of TM fibronectin and α-smooth muscle actin. In
cultured TM cells, actin stress fibers and contractility were
induced by CTGF. In addition, we observed that CTGF
overexpression lead to a decrease in the expression of
BMP4 and 7 and overall reduced BMP signaling in the TM in
vitro and in vivo. Our results strongly indicate that CTGF is a
key modulator in the pathogenesis of POAG, leading to
changes in the homeostatic balance of TM growth factors,
ECM compounds and actin cytoskeleton. Modification of
CTGF signaling seems to be a promising strategy to treat
POAG.

COI/Financial disclosure: Nothing to disclose
O194
ENDOTHELIN B RECEPTOR ACTIVATION PROMOTES
RETINAL GANGLION CELL LOSS BOTH IN VITRO AND
IN VIVO IN A RODENT MODEL OF GLAUCOMA
R.R. Krishnamoorthy, A.Z. Minton
Cell Biology and Anatomy, North Texas Eye Research
Institute, UNT Health Science Center, Fort Worth, TX, USA
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Purpose: To study the involvement of endothelin B (ETB)
receptors in retinal ganglion cell death both in cultured
primary retinal ganglion cells and in vivo in the Morrison's
rodent model of glaucoma.
Methods: Primary RGCs isolated from post natal day 3-7 rat
65

pups were either untreated or treated for 24 hr with two
different concentrations of endothelin-1 (ET-1) (10 and 100
nM). Another batch of cultured primary RGCs were treated
with the ETB receptor agonist, endothelin-3 (ET-3). Cell
survival was assessed by the Live-Dead assay using a
combination of Calcein-AM and ethidium homodimer. In a
separate study, IOP was elevated in one eye of male retired
breeder Brown Norway rats using the Morrison's method,
while the corresponding contralateral eye served as control.
After 2 and 4 weeks of IOP elevation, animals were
sacrificed, and immunostaining for ETB receptors was carried
out in retina sections. In another set of experiments, RGCs
of wild type and ETB receptor-deficient transgenic rats were
first retrogradely labeled with Fluoro-Gold, following which
IOP was elevated in one eye using the Morrison's method,
while the contralateral eye served as control. The rats were
sacrificed after 4 weeks of IOP elevation, and surviving
RGCs were quantitated from retinal flatmounts.

hypothesis would be consistent with several long-standing
observations in glaucoma research, such as accumulation of
sheath-derived plaques in glaucomatous TM, reduced TM
compliance and reduced pulsatile AH outflow in glaucoma,
and the elevated concentration of TGFb in the AH of
glaucoma patients.

Results: Primary RGCs treated with 10 nM and 100 nM ET1 as well as 100 nM ET-3 showed a statistically significant
increase in cell death, compared to untreated control cells.
Immunohistochemical analysis of retinal sections showed
that IOP elevation for both 2 and 4 weeks produced
increased expression of ETB receptors in retinal ganglion
cells. RGC loss in wild type following IOP elevation for 4
weeks was significantly attenuated in ETB-deficient
transgenic rats.

K. Kaarniranta
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MOLECULAR MECHANISM OF PROTEIN
AGGREGATION IN AGED RPE CELLS - IMPLICATIONS
TO AMD

University of Eastern Finland, Kuopio University Hospital,
Kuopio, Finland

IDENTIFICATION OF ADAMTS10 AS A PLAYER IN
GLAUCOMA

The pathogenesis of age-related macular degeneration
(AMD) essentially involves chronic oxidative stress,
increased accumulation of lipofuscin in retinal pigment
epithelial (RPE) cells and extracellular drusen formation, as
well as the presence of chronic inflammation. The capacity
to prevent the accumulation of cellular cytotoxic protein
aggregates is decreased in aged RPE cells which may
evoke lipofuscin accumulation into lysosomes in postmitotic
RPE cells. This presence of lipofuscin decreases lysosomal
enzyme activity and impairs autophagic clearance of
damaged proteins which should be removed from cells.
Proteasomes are another crucial proteolytic machine which
degrade especially cellular proteins damaged by oxidative
stress, but theirs capacity to clean proteins is decreased in
aged RPE cells as well. Inceased oxidative stress and
impaired protein clearance lead to apoptosis of RPE cells
and advancing of AMD.

R. Kuchtey
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Ophthalmology and Visual Sciences, Vanderbilt Eye
Institute, Vanderbilt University, Nashville, TN, USA
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Conclusions: ETB receptors appear to play a causative role
in retinal ganglion cell death in the Morrison's rodent model
of glaucoma.
COI/Financial disclosure: Nothing to disclose
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We previously identified ADAMTS10 as the candidate
disease gene in a colony of Beagles with naturally occurring
hereditary Primary Open Angle Glaucoma (POAG). A rare
genetic variant (Gly661Arg) in a highly conserved region
segregates with disease In the Beagle POAG colony.
Sequencing ADAMTS10 in POAG-affected Beagles not
related to the colony confirmed association of this variant
with POAG in Beagles. A role for ADAMTS10 in increased
resistance of aqueous humor (AH) outflow is suggested by
its abundant expression in the trabecular meshwork (TM)
and is consistent with the early-onset elevation of intraocular
pressure observed in Beagles with POAG. Possible
involvement of ADAMTS10 in human POAG is supported by
our recent study in which ADAMTS10 was sequenced in 162
POAG cases and 111 controls from Ghana, West Africa.
ADAMTS10 is a secreted matrix metalloproteinase which
has been proposed to be involved in the structure and
function of microfibrils. Recent reports support this
hypothesis, showing that ADAMTS10 is physically
associated with microfibrils and facilitates their formation.
Microfibrils exist in two main forms: as polymeric strands of
fibrillin-1 and as elastin cores surrounded by a sheath of
fibrillin-1 polymers. In addition to providing stretchable
support in tissues such as blood vessels and skin,
microfibrils also play a central coordinating role in signaling
through transforming growth factor beta (TGFb). Discovery
of the Gly661Arg variant of ADAMTS10 in Beagle POAG led
us to form the hypothesis that disruption of microfibril
structure or function may be an underlying mechanism of
increased resistance to AH outflow in POAG. This microfibril

REGULATION OF APOPTOSIS IN OCULAR PIGMENTED
CELLS: P53-PERP PATHWAY
L. Paraoan
Eye and Vision Science, Institute of Ageing and Chronic
Disease, University of Liverpool, Liverpool, UK
PERP (p53 apoptosis effector related to PMP-22) was
initially identified as a p53 target gene, specifically induced
during apoptosis and not during cell cycle arrest, thus
emerging as a prime candidate effector in the p53dependent apoptotic pathway. PERP is a novel type of p53
effector that is likely to mediate apoptosis through a
mechanism distinct from that of Bcl-2-related mitochondrial
effectors. The studies of PERP-mediated apoptosis in ocular
cells were triggered by the discovery that down-regulation of
PERP, both at transcriptional and protein level, correlates
with the aggressive (monosomy 3) type as opposed to the
less aggressive (disomy 3) type of uveal melanoma (UM);
this most common primary intraocular tumour in adults
presents resistance to apoptosis despite rare p53 mutations
and reportedly undamaged upstream signalling to p53.
Using a variety of experimental approaches, including use of
fluorescent protein fusion constructs of PERP, p53 and p53interacting proteins, we studied the intracellular targeting,
fate, functional effects and regulation of PERP-induced
cellular processes in UM, retinal pigment epithelial and
different control cells. Increased PERP expression triggers
caspase-dependent apoptosis in UM cells, but not RPE
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cells; processing of caspase-8 and Bid suggests activation of
the extrinsic apoptotic pathway with possible subsequent
engagement of the intrinsic pathway. Moreover, we also
identified a novel positive feedback loop in which PERP
protein level influences the protein level as well as nuclear
localization of its own transcriptional regulator, p53 and of
one of p53 negative regulators, MDM2. The findings are
relevant both for increasing the understanding of p53mediated apoptosis in ocular pigmented cells of different
embryological origins and for revealing new targets for
exploitation in the development of new therapeutic agents
aimed at increasing the endogenous p53 protein pool in
these cells.
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CHANGES IN THE ACTIN DISTRIBUTION WITHIN
OCULAR CELLS INCLUDING RPE THAT MAY BE
ASSOCIATED WITH APOPTOSIS OR SENESCENCE
1
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Eye and Vision Science, University of Liverpool, Liverpool,
2
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Cuboidal RPE in a mosaic are associated with a compact
actin arrangement around the periphery of the cells and in
disease when RPE can be elongated and bipolar, a stress
fibre arrangement dominates that can be seen with either
anti-actin or phalloidin staining. It is very much work in hand
but we have identified a third actin pattern in RPE which we
call a CLAN arrangement (Cross Linked Actin Network) .
CLANs were first noted and named in the cells of the
trabecular meshwork where they were induced by
corticosteroids like dexamethasone. In addition a range of
other inducers were found but most importantly they were
found to be abundant in the normal but elderly outflow
system in situ and also in the glaucomatous outflow system.
Subsequently they were found in a number of ocular cells in
culture but only in cells with an epitheliod shape such as
lamina cribrosa cells of the optic nerve, lens epithelium, iris
epithelium and RPE. Based on initial work on ageing
trabecular meshwork cells and that CLANs form in primary
cultures but are mostly absent from cell lines we hypothesise
that CLANs are an early fingerprint for cells prone to
apoptosis or senescence. As yet we have not been able to
induce a CLAN frequency of more than 75% of cells in RPE
primary cultures. Current work in RPE and other ocular cells
using Propidium Iodide staining for nuclei, phalloidin staining
for actin and apoptosis markers including TUNEL and
caspase 3 do not show a clear relationship between
apoptosis and CLAN formation as yet. However senescence
markers such as beta galactosidase do show a high
coincidence with CLANs. As yet we still do not know why
CLANs form but do suspect they are post translational
events possibly associated with quiescent and senescent,
epitheliod-shaped ocular cells including RPE.
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REDOX REGULATION OF RETINAL CELL DEATH &
SURVIVAL
T. Cotter, F. Doonan, B. Lavinia, G. Gillian
Biochemistry, University College Cork, Cork, Ireland
Aims: To investigate the role of hydrogen peroxide as a cell
survival promoting molecule in retinal photoreceptors and
how FGF blocks photoreceptor apoptosis through redox
signalling in vitro and in vivo.
Methods: Tunel staining was used to identify cells
undergoing apoptosis at each of the time points examined.
Western blotting was used to look at PI3k/Akt and Nox, Src
and PP2a protein expression patterns. Hydrogen peroxide
and related reactive oxygen species were measured using
fluorescent probes such as 2',7' dichlorodihydrofluorescin
diacetate and dihydroethidium. Retinal explant cultures, light
induced and the rd10 mouse model of retinal degeneration
were used in the study. Confocal, multiphoton microscopy
and immunohistochemistry were used to look at retinal
staining patterns.
Results: This study demonstrated that 661W cells, a retinaderived photoreceptor cell line, and mouse retinal explants
rapidly produced a burst of hydrogen peroxide following the
exposure of cells and explants to external stress. The burst
of hydrogen peroxide induced a pro-survival response by upregulating signalling through the PI3k/Akt pathway for a
period of up to 120 mins. This occurs by oxidative
modification of Src and subsequent phosphorylation and
inhibition of the serine threonine phosphatase PP2a. The
source of the hydrogen peroxide is one of the members of
the Nox family of proteins and could be inhibited by
diphenyleneiodonium chloride and siRNA. Recombinant
FGF also stimulated the production of a prolonged burst of
hydrogen peroxide as part of its cell survival promoting
properties in both retinal explants and in in vivo models.
Surprisingly FGF stimulated the production of hydrogen
peroxide via activation of the COX pathway. Specific COX
inhibitors blocked hydrogen peroxide production and the
protective effects of FGF. Similar neuroprotective effects
were seen for IGF1 in the retina although in sharp contrast to
what we saw with FGF, IGF-1 stimulated hydrogen peroxide
production by one of the Noxs.
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MECHANISMS OF RPE CELL DEATH IN ENDOPLASMIC
RETICULUM (ER) STRESS: CROSSTALK BETWEEN ER
AND MITOCHONDRIA AND REGULATION OF
APOPTOSIS BY ALPHAB CRYSTALLIN
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Ophthalmology, Doheny Eye Institute, Keck School of
2
Medicine of the University of Southern California, Doheny
3
Eye Institute, Pathology and Ophthalmology, Keck School
of Medicine of the University of Southern California, Los
Angeles, CA, USA
Background and aims: Retinal pigment epithelium (RPE) is
considered a primary target for retinal diseases such as age
related macular degeneration (AMD). Oxidative and
endoplasmic reticulum (ER) stress play an important role in
the pathogenesis of RPE dysfunction. The aim of the present
study was to investigate the mechanism of ER stressinduced RPE cell death, its association with mitochondrial
events, and to elucidate the role of alphaB crystallin in
regulation of apoptosis.

Conclusions: The generation of hydrogen peroxide either
as a result of a stress response or via FGF stimulation
induces a cell survival effect due in part to its down stream
activation of the PI3k/Akt pathway in retinal photoreceptor
cells. This highlights the importance of redox signalling on
retinal cell survival.
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increase of dihydroceramide and dihydrosphingosine
immediately and at various time points after light stress, well
before active apoptosis. Light stress in retina induces
ceramide generation predominantly through the de novo
pathway. Intraperitoneal (IP) injection of FTY720 (10 mg/kg)
prevented ceramide generation by the de novo pathway and
protected retinal structure and function. The neuroprotection
of FTY720 was independent of its immunosuppressive
action. We conclude that ceramide increase by de novo
biosynthesis mediates photoreceptor apoptosis in the LIRD
model and that inhibition of ceramide production protects the
retina against light stress.

Methods: Primary cultured human RPE cells were subjected
to ER stress with tunicamycin (TM), a glycosylation inhibitor.
Generation of reactive oxygen species (ROS) and
superoxides was quantified using confocal microscopy and
flow cytometry (MitoSOX) respectively, and apoptosis by
TUNEL assay. Caspase 4 was determined by
immunofluorescence using ER tracker and by western blot
analysis. The effect of TM on caspase 3 activation,
cytochrome c release, mitochondrial permeability transition
(MPT) and Bcl2 expression was also studied. The effect of
ER stress on RPE cell death in alphaB crystallin
overexpressing and knockdown as well as in RPE isolated
from alphaB crystallin knockout mice was determined.
Further, signaling pathways in TM-induced ER stress was
assessed using unfolded protein response (UPR) inhibitors
Salubrinal (eIF2alpha activator) and 4-(2-aminoethyl)
benzene sulfonyl fluoride (AEBSF, inhibitor of ATF6
proteolysis).
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Results: ER stress caused a dose-dependent increase in
the expression of GRP78 and CHOP in RPE. Caspase 4
expression was upregulated by TM treatment which was
accompanied by an increase in ROS production, cyt c
release, and caspase 3 activation. alphaB Crystallin (-/-) and
siRNA-transfected RPE exhibited increased apoptosis and
increased caspase 3 and 4 activation while overexpression
of alphaB crystallin downregulated these processes.
Immunostaining with mito- and ER-tracker revealed
localization of alphaB crystallin in ER and in mitochondria
which decreased with oxidative and ER stress. Salubrinal
and AEBSF reduced ER-stress-induced apoptosis
significantly vs untreated controls. Pretreatment with
salubrinal activated phosphorylation of eIF2alpha while
AEBSF pretreatment inhibited proteolysis of ATF6.

NEUROPEPTIDES OF THE IMMUNE PRIVILEGED
RETINA SUPPRESS MACROPHAGE PHAGOCYTOSIS
A.W. Taylor
Ophthalmology, Boston University School of Medicine,
Boston, MA, USA
Background and aims: We have previously found that the
neuropeptides α-MSH and NPY, constitutively produced by
healthy retinal pigment epithelial cells, suppress
macrophages in their innate immune response to endotoxin.
The macrophages are also changed in that they express
markers and enzymes similar to myeloid suppressor cells.
This is seen in retinas producing α-MSH and NPY as
+
+
+
CD11b CD64 F4/80 microglial cells co-expressing the
enzymes Arginase1 and NOS2. In this study, we examined
the potential for the neuropeptides to regulate other
functions of innate immunity by determining the effects of αMSH and NPY on macrophage phagocytic activity.

Conclusions: ER stress induced by TM results in activation
of caspase 4 and involves participation of mitochondrial
events (ROS, caspase 3, cyt c, MPT, Bcl2). Lack of alphaB
crystallin renders RPE more susceptible to oxidative and ER
stress through caspase activation. PERK-eIF2alpha pathway
may play a role in ER signaling.

Methods: Macrophages, monocytic cell line RAW 246.7,
were treated with α-MSH or NPY at 1 ng/ml each, the
concentrations produced by primary retinal pigment epithelial
cell monolayers in culture. The treated macrophages were
fed florescent bioparticles of Gram(-) E. Coli or Gram(+) S.
Aureus with or without opsonization (antibody). The
formation of phagolysosomes was detected using pH
sensitive florescent E. Coli or S. Aureus bioparticles.
Phagocytic activity was quantified by flow cytometry, and
visualized by fluorescent microscopy with phygolysosome
formation assayed by florescent intensity analysis.

Support: NIH Grants EY01545, EY03040 and grants from
RPB and Arnold and Mabel Beckman Foundation.
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INHIBITION OF DE NOVO CERAMIDE BIOSYNTHESIS
PROTECTS ALBINO RAT RETINA FROM LIGHTINDUCED DEGENERATION
1,2

N. Mandal , H. Chen
1

Results: Macrophages treated with α-MSH and NPY were
significantly suppressed in their capacity to phagocytize
unopsonized E. coli; however, suppression of S. Aureus
phagocytosis was limited to NPY treated macrophages. In
addition, α-MSH/NPY co-treatment suppressed both
phagocytosis and phagolysosome formation in the
macrophages. Macrophages treated with either or both
neuropeptides were unchanged in taking up opsonized
Gram(+) and Gram(-) bioparticles; however, phagolysosome
formation was suppressed. Fluorescent microscopy showed
that the opsonized beads were bound and phagocytized by
α-MSH, NPY, and co-treated macrophages.
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Ophthalmology, OUHSC, Dean A. McGee Eye Institute,
Oklahoma City, OK, USA
Light-induced retinal degeneration (LIRD) in albino rats
causes apoptotic photoreceptor cell death. Ceramide, a
sphingolipid metabolite, is a second messenger for
apoptosis. We tested whether increases in ceramide
mediate photoreceptor apoptosis in light-stressed retinas
and if inhibition of ceramide formation by systemic
administration of FTY720 protects the retina from LIRD.
Sprague Dawley (SD) rats were exposed to 2,700 lux white
light for 6 h and the retinal levels of ceramide and its
intermediary metabolites were measured by GC-MS or ESIMS/MS. Enzymes of the de novo biosynthetic and
sphingomyelinase pathways of ceramide generation were
assayed, and gene expression was measured by qRT-PCR.
The dosage and temporal effect of FTY720 on the retina in
vivo was measured by histological and functional analyses.
Retinal ceramide levels increased coincident with the

Conclusions: As α-MSH and NPY together induce
suppressor functionalities in macrophages, they also
modulate in a stimulus-dependent manner the phagocytic
signals within macrophages. There is both a reduction in
phagocytosis and phagolysosome formation. This suggests
that with the constitutive presence of the immunomodulating
neuropeptides α-MSH and NPY there is an intrinsic limit to
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signals remains protective in form of a predominant antiinflammatory effect via secretion of IL-10. Within the tissue
there is abundant cognate interaction that confers residency
status and behaviour, such as via CD200R and Fractalkine
receptor, CX3CR1. During influx of circulating monocytes
during inflammation or during degeneration, the number and
residency of tissue macrophages alters as does their
behaviour. Nonetheless, during retinal inflammation, as
observed in experimental autoimmune uveoretinitis,
macrophages are predominantly 'classically activated' via
IFN-gamma and whilst they secrete liberal amounts of proinflammatory cytokines and nitric oxide, they also engage, as
putative myeloid derived suppressor cells, in restricting T cell
proliferation via both a nitric oxide and prostaglandin
mediated pathways. During the more persistent phases of
inflammation, where maintained T cell and macrophage
infiltration is observed, angiogenesis is also observed,
associated
with
altered
macrophage
phenotype.
Understanding macrophage polarisation permits us to
liberate and generate targets for intervention for
inflammatory, degenerative and angiogenic retinal disorders.

macrophage/microglial cell clearance of infecting bacteria
within the ocular microenvironment.
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TRAUMA INDUCED NEUROPEPTIDE INTERFERENCE
WITH MACROPHAGE REGULATION OF OCULAR
INFLAMMATION
J. Stein-Streilein
Immunology, Schepens. Eye Research Institute, Harvard
Medical Sthool, Boston, MA, USA
The indigenous macrophages of mouse eyes express F4/80.
When antigen is inoculated into the anterior chamber local
F4/80 positive(+) macrophages pick up the antigen and
move through the trabecular meshwork into the blood and
locate in the marginal zone of the spleen. In untreated mice,
the F4/80 + macrophages are only found in the red pulp of
the spleen, but after a.c. injection of antigen the F4/80+
macrophages are found within the marginal zone in close
contact with, invariant NKT cells, T cells and marginal zone
B cells. The cellular interactions results in the generation of
several types of T regulatory cells (Treg) that contribute to
peripheral tolerance to the ocularly derived antigen. The
expression of the F4/80 protein by the macrophages is
required for the induction of the Treg cells and peripheral
tolerance. Unlike other inflammatory- inducing processes
that seem to only temporarily interfere with the ability of the
eye to induce peripheral tolerance to local antigens, retinal
laser burn (RLB) to one eye abrogates the ability of inducing
tolerance through the anterior chamber (called anterior
chamber immune deviation, or ACAID) for an extended
period of time. Moreover, after RLB to the right eye, injection
of antigen into either eye induced a decrease number of
F4/80+ macrophages in both the blood and the spleen.
Additionally, unlike enriched populations of F4/80+
macrophages from a.c. untreated mice, the F4/80 negative
macrophage populations harvested post a.c. antigen in RLB
mice were unable to transfer the peripheral tolerance to the
naïve mice. Antagonists for the Substance P receptor NK1R
mitigated the RLB effect on ACAID when inoculated locally
within the first 24 h post RLB. We conclude that damage to
the retina induces the release of stored Substance P that in
turns induces NK1R and the exaggeration of the
inflammatory process induced by the trauma. In conclusion:
the perpetuation of the Substance P signaling cycle
interferes with the re-establishment of the immune privilege
environment that promotes the tolerogenic properties of the
indigenous F4/80+ macrophages within the eye.
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RETINAL MICROGLIAL CELLS SUPPRESS
INTRAOCULAR INFLAMMATION THROUGH THE
PRODUCTION OF INTERLEUKIN-27
C. Egwuagu
Molecular Immunology Section, National Eye Institute/ NIH
Institutes of Health (USA), Bethesda, MD, USA
Interleukin 27 (IL-27) is a pleiotropic cytokine that promotes
Th1 differentiation while antagonizing Th17 development
during Ag priming phase of the immune response. However,
it inhibits the expansion of mature T cells and has been
shown to suppress autoimmune inflammation of the central
nervous system. We show here that microglia cells in the
neuroretina constitutively secrete IL-27 and that IL-27
expression is upregulated by IFN-g produced by Th1 cells
recruited into the retina during acute uveitis. It is notable that
co-culturing Th17 cells with retina cells inhibited expansion
of the Th17 cells and the inhibitory effect is abrogated by
addition of anti-IL-27 Abs. Moreover, the inhibitory effect is
not observed in STAT1-deficient retinal cells, suggesting that
the inhibition of Th17 cells is mediated through IL-27 and
STAT1-dependent mechanisms. We further show that
photoreceptors constitutively express IL-27 receptor and
they respond to IL-27 signaling by producing a variety of
anti-inflammatory molecules through STAT1-dependent
mechanisms. We provide additional data showing that while
suppression of intraocular inflammation might be mediated
through endogenous production of IL-27 by retinal cells,
suppressors of cytokine signaling (SOCS) proteins induced
by IL-27 during uveitis confer protection to neuroretinal cells
from toxic effects of proinflammatory cytokines. Taken
together, these observations suggest a model of ocular
immune privilege based on IL-27-induced suppression of
Th1 and Th17 cells and indicate that targeted delivery of IL27 into immune privileged tissues of the CNS may be
beneficial in the treatment of CNS inflammatory diseases,
such as, uveitis and multiple sclerosis.

This work was supported in part by grants NIH: EY
11983;EY 20614;EY 016476; DOD: W81XWH-04-1-0892.
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MACROPHAGE ACTIVATION REGULATES T CELL
RESPONSE AND EXPRESSION OF TISSUE DAMAGE IN
RETINAL INFLAMMATION
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A. Dick, L.B. Nicholson, D. Copland, B. Raveney
University of Bristol, Bristol, UK
The retina is endowed with a resident population of myeloid
cells (microglia) surrounding the vessels and within the
nuclear layers. While turnover of microglia occurs from bone
marrow, the default of microglial responses to 'danger'
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severe irreversible visual loss, especially in the optic-spinal
form of MS or neuromyelitis optica, considerable attention is
focused on finding a treatment that will restore visual
function. Apoptosis signal-regulating kinase 1 (ASK1) is one
of a growing number of mitogen-activated protein kinase
(MAPK) kinase kinases identified in the c-Jun N-terminal
kinase (JNK) and p38 MAPK pathways. Here we elucidated
a potential role of ASK1 on glial innate immunity during optic
neuritis in MS. For this aim, ASK1-deficient mice were used
for
the
induction
of
experimental
autoimmune
encephalomyelitis (EAE), an animal model of MS. Our
results demonstrated that ASK1 deficiency ameliorated the
severity of EAE in both optic nerves and spinal cords, which
was
accompanied
by
histopathologically
reduced
neuroinflammation. However, ASK1 deficiency had no effect
on the proliferation capability of T cells. Moreover,
expression of TLRs in activated astrocytes and microglia
was upregulated during EAE, and we found that TLRs can
synergize with ASK1-p38 MAPK signaling in the release of
key chemokines from astrocytes. Furthermore, oral
treatment with the ASK1 inhibitor MSC2032964A
suppressed EAE-induced autoimmune inflammation in both
optic nerves and spinal cords. These findings suggest that
the TLR-ASK1-p38 pathway in glial cells may serve as a
valid therapeutic target for optic neuritis in MS.
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MACROPHAGES IN THE UVEAL MELANOMA
MICROENVIRONMENT
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Background and aims: Uveal melanoma is a highly
malignant intraocular tumor with quite homogeneous tumor
tissue and a diffuse leukocytic infiltration. When a tumor
acquires the ability to release significant amounts of
macrophage-attraction molecules it causes the expansion of
a population of myeloid immature cells. This may not only
help the tumor to suppress immune reactions but also aid in
the construction of new blood vessels for tumor growth. In
uveal melanoma, the presence of an immune infiltrate is
associated with a bad prognosis, as opposed to a good
prognosis seen in other cancers. An analysis of the different
functional phenotypes of tumor-infiltrating leukocytes (TIL)
and a comparison with the genetic background of the tumors
may help explain this unusual situation.
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Methods:
We
performed
a
comprehensive
immunohistochemical study by evaluating the density of
CD8+ and CD4+ T lymphocytes, Foxp3+ regulatory T cells
(Tregs), CD68+ and CD68+CD163+ macrophages in 43
cases of uveal melanoma. The presence of these different
TILs was compared to tumor characteristics.
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NEW INSIGHTS IN AMBLYOPIA TREATMENT BY
OBJECTIVELY MONITORING COMPLIANCE
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Results: The presence of TILs varied greatly between
tumors. Infiltrating macrophages in uveal melanoma were
predominantly CD68+CD163+, thus of the M2 phenotype.
Among the T-lymphocytes the majority was CD8+, and fewer
CD4+ T cells and Tregs were present. The different subsets
of TILs were positively correlated with each other (P< .001)
as well as with the density of M2 macrophages (Spearman
correlation coefficient = 0.81), and with the presence of
monosomy 3. Different T-cell ratios did not influence clinical
outcome.
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Background and aims: Compliance to amblyopia treatment
has long been a problem for clinicians. The importance of
compliance during amblyopia treatment has recently been
highlighted by using objective monitors. We have used
electronic monitors in various ways to observe compliance to
both occlusion and refractive correction.

Conclusions: Macrophages in uveal melanoma have an
M2-like phenotype, whereas lymphocytes were dominated
by CD8 T cells, and less Tregs and CD4 T cells were
present. This infiltration is collectively ascending, and the
balance of different immune cells is of no relevance. As the
numbers of different lymphocytic and myeloid cell types were
correlated with loss of one chromosome 3, tumor-intrinsic
factors probably control the leukocytic influx. Since TILs can
exert immunosuppressive and tumor-promoting functions
their presence may contribute to the increased malignancy
of high risk uveal melanoma cases.

Methods: We recruited newly diagnosed amblyopic children
who had received no previous treatment. Recruited
participants were asked to wear an electronic monitor either
inside their patch or on the side of their glasses, if
prescribed. LogMAR visual acuity was recorded every 3 or 6
weeks.
Results: We found a strong correlation between the number
of hours occlusion is worn and the visual outcome in mixed
and strabismic amblyopes (P=0.00013, r = 0.50) during the
first 12 weeks of treatment. The relationship in anisometropic
amblyopes was insignificant. Compliance to occlusion wear
was 49.35%. With the use of intervention materials we have
seen a significant improvement in compliance (P=0.004).
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When investigating compliance to glasses we found a highly
significant dose response relationship between compliance
and visual outcome (P=0.0001, r=0.76,) during the refractive
adaptation period in anisometropic, strabismic and mixed
amblyopes. Average compliance to glasses was only 67.6%.
We have reported that optimal improvement during this
period was equivalent to only 42% questioning the benefit of
an extended period of refractive adaptation.

ASK1 INHIBITION AMELIORATES OPTIC NEURITIS BY
MODULATING GLIAL INNATE IMMUNITY
X. Guo, C. Harada, K. Namekata, A. Kimura, T. Harada
Tokyo Metropolitan Institute of Medical Science, Tokyo,
Japan
Multiple sclerosis (MS) is an inflammatory disease of the
central nervous system (CNS) characterized by progressive
immune-mediated destruction of the myelin sheath and
accumulated neurologic disability. Optic neuritis, which is an
acute inflammatory demyelinating syndrome of the CNS, is
one of the major complications in MS. Since it can cause

Conclusions: Evidence from these studies has shown
compliance to occlusion therapy and refractive correction is
far from optimal. There is a significant dose-response
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relationship between compliance to both occlusion therapy
and refractive correction and visual outcome.

Reach-to-precision grasp movements of the preferred hand
were recorded under binocular and monocular conditions
using a 3D motion-capture video system. Twenty-one
children aged 4-8 years with different degrees of amblyopia
and reduced or absent stereopsis were compared to 15
normal children of similar age. Movement kinematics and
error rates were measured for each viewing condition and
compared within and between subject groups using analysis
of variance.

Objectively monitoring compliance in amblyopia treatment
has allowed us to address some of the previously
unanswered questions regarding amblyopia however, the
use of objective monitors has brought to attention a number
of new questions which require further attention and are the
basis of further research in this area.
COI/Financial disclosure: Nothing to disclose

Comparisons between amblyopic and normal children
showed that reaching for an object was significantly slower
in the amblyopic children compared to controls for binocular
viewing and monocular viewing conditions with either eye,
with almost double the time spent using feedback in the final
approach (P< 0.01) and 1.5-3 times more spatial errors in
the reach path (P< 0.01) and grip positioning (P< 0.05).
These impairments were most marked in the patients with
the poorest stereoacuity, and less dependent upon the
severity or type of amblyopia.
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NOVEL TREATMENT METHODS IN JUVENILE
AMBLYOPIA
A.J. Simmers
Visual Neuroscience Research Group, Glasgow Caledonian
University, Glasgow, UK
Purpose: The current observation that the recovery of visual
function in amblyopia is contingent on even brief periods of
correlated vision suggests that amblyopia is intrinsically a
binocular problem and that it is suppressive mechanisms
that render the cortex functionally monocular. The purpose
of the present study was to explore the potential for treating
childhood amblyopia with binocular stimului adapted to
correlate the visual input from both eyes.

The development of reach-to-precision grasping skills is
impaired in children with amblyopia and deficient
binocularity. Problems with hand-eye co-ordination may
contribute to difficulties experienced by children with squints
and amblyopia.
Reference: Watt SJ, Bradshaw MF, Clarke TJ, Elliott KM.
Binocular vision and prehension in middle childhood.
Neuropsychologia. 2003: 41; 415-420.

Methods: 10 strabismic, 2 anisometropic and 2 strabismic
and anisometropic amblyopes (mean age 8.5±2.6 years)
undertook a dichoptic perceptual learning task for 5 sessions
over the course of a week. The training paradigm involved a
simple computer game, which required the subject to use
both eyes to perform the task.
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Results: A statistically significant improvement in both the
mean visual acuity of the amblyopic eye and stereoacuity
was demonstrated. Significant spatial distortions were also
found in juveniles with amblyopia, these distortions included
a mixture of predictable strabismus induced shifts and
idiosyncratic perceptual misalignments.

VISUAL SUPPRESSION IN INTERMITTENT EXOTROPIA
DURING BINOCULAR ALIGNMENT
1

2

3

1,3

J. Read , I. Serrano-Pedraza , V. Manjunath , M. Clarke
1

Institute of Neuroscience, Newcastle University, Newcastle
2
upon Tyne, UK, Faculty of Psychology, Complutense
3
University of Madrid, Madrid, Spain, Eye Department, Royal
Victoria Infirmary, Newcastle upon Tyne, UK

Conclusion: The dichoptic based perceptual learning
therapy employed in the current study improved both
monocular visual acuity of the amblyopic eye and stereofunction, verifying the feasibility of a binocular approach in
the treatment of childhood amblyopia. Furthermore, the
prevalence and magnitude of spatial distortion in juveniles
with amblyopia were also determined.

Intermittent exotropia is a common oculomotor anomaly
where one eye intermittently deviates outwards. Patients
with this type of strabismus usually retain good vision in both
eyes, and usually have stereo “3D” vision, unlike in other
types of strabismus. However, when their eye turns
outwards, they do not experience double vision as a person
with normal binocular vision would. This is believed to be
because their brain detects when the eye has turned
outwards and automatically suppresses vision in that eye
during the deviation. However, little is known about what
how this occurs. We asked whether the suppression is
triggered by the eye movement itself, or by the change in the
retinal image which occurs as a result of the eye movement.

COI/Financial disclosure: Nothing to disclose
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EYE-HAND CO-ORDINATION IN PATIENTS WITH
STRABISMUS AND AMBLYOPIA
J. Sloper

We studied 12 intermittent-exotropia patients, aged between
5 and 22 years. All had functional stereo vision with
stereoacuity similar to that of 20 age-matched controls (0.23.7 arcmin). In the experiments, patients' eyes were correctly
aligned, but we used a 3D projection system to simulate the
change in retinal images which would usually occur when
one eye deviates outwards. On each trial, a cartoon face
was briefly (400ms) presented in each eye. In one eye, the
face was at the fovea; in the other, at varying retinal
positions along the horizontal axis. We also included catchtrials where two faces were presented in both eyes. The task
was to indicate whether one or two faces were perceived. All
patients and controls showed normal diplopia when the nonfoveal face was presented in the nasal area of the retina.

Strabismus and Paediatric Service, Moorfields Eye Hospital,
London, UK
Visual control of hand movements plays a very important
part in the performance of many everyday tasks. In normal
children visual control of reaching and grasping develops
from being largely ballistic at the age of 5 years to
incorporating more stereoscopic visual feedback by age 9
(Watt et al. 2003). We have examined the development of
these eye-hand co-ordination abilities in children with
different degrees of amblyopia and impaired binocular
function to see if eye-hand co-ordination is impaired when
visual development is abnormal.
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However 83% of patients, but no controls, reported
perceiving only one face when the non-foveal face was
presented to temporal retina, indicating suppression during
fixation. This demonstrates that the anti-diplopia mechanism
in intermittent exotropia can be triggered by purely retinal
information, and an eye movement is not required.
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In a follow-up experiment, we examined which eye was
suppressed. Some subjects suppressed the temporal
stimulus regardless of which eye viewed it, so they always
perceived the central stimulus; others always suppressed
the same eye even when it viewed the central stimulus, so
they then perceived the peripheral stimulus; others showed a
mixture of both strategies. This suggests that in some
patients diplopia is avoided by suppression, while in others,
anomalous retinal correspondence may contribute.

Software Engineering, AFEKA, Tel-Aviv Academic College
of Engineering, Tel-Aviv, Israel

TREATING AMBLYOPIA WITH COMPUTER GENERATED
3D IMAGES
D.D. Ophir

Background: The methods´ aims:
1. To be used as a training tool to decrease the Amblyopic
interference
2. For measuring the intensity level of the Amblyopic
deviation
Methods: The proposed software-system takes advantage
of human stereoscopic vision in which both eyes are needed
to see an object in depth. The software generates simulated
3D objects and spectacles that are connected to the system
necessitate the use of vision from both-eyes to see the 3D
object.
The simulated 3D object is composed of overlapping 2D
images (anaglyphs), which are two projections of the
simulated 3D object on a plane (Fig. 1) Each lens of the
glasses is either a red or blue filter.

This work was published in Investigative Ophthalmology &
Visual Science (2011) 52(5), p. 2352
COI/Financial disclosure: Funded by a Royal Society
University Research Fellowship and Medical Research
Council New Investigator Award to JCAR
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MECHANISMS OF SUPPRESSION IN ESOTROPIA
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R. Harrad , J. Hale , M. Pettet , S. McKee , T. Norcia
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Bristol Eye Hospital, Bristol, UK, Smith-Kettlewell Institute,
3
San Francisco, Stanford University, Palo Alto, CA, USA
Aims: To study the pattern of facilitatory and suppressive
binocular interactions in patients with strabismus and in
healthy controls.
Methods: Visual evoked potentials were recorded in
response to a vernier onset/offset pattern presented to one
eye under 3 conditions: monocularly, paired dichoptically
with a straight vertical square-wave grating, which, when
fused with the target in the other eye, gave rise to a percept
of a series of bands appearing in depth from an otherwise
uniform plane or paired with a grating that contained offsets
that produced a standing disparity, this was perceived as a
segmented image, portions of which moved in depth.

[Fig. 1: Anaglyph's Seeing System]
We can also use an additional method that has the similar
effect of compelling the reader to see with both eyes (Fig. 2).

Results: Participants with normal stereopsis showed
facilitative or suppressive binocular interactions that
depended on which dichoptic target was presented. All
patients with strabismus lacked normal facilitative binocular
interactions. The response to a normally facilitative stimulus
was reduced below the monocular level when it was
presented to the dominant eye of strabismics patients
without anisometropia, consistent with classical strabismic
suppression of the non-dominant eye. However, the
dominant eye of strabismic patients without anisometropia
received suppressive input from crossed but not uncrossed
disparity stimuli presented to the non-dominant eye.

[Fig. 2: ''A'' letter color decomposition]
Results: Preliminary tests have been conducted and
accepted by the relevant community. The tests are
aesthetically pleasing and they enable the subject to have a
fun time, reminiscent of the first 3D films. The tool is in its
final stage of development and will enable calibration for
testing standardization.
Conclusions: The patch technique is not recommended in
cases where there is a vision defect in both eyes, it has also
a psychological impact that it has on the subject.
The 3D method does not have these drawbacks, it might be
also adapted for the treatment of other vision maladies
involving unsynchronized vision in both eyes.

Conclusions: Abnormal disparity processing can be
detected with the dichoptic VEP method we describe. Our
results suggest that suppression in stereoblind, nonamblyopic observers is determined by a binocular
mechanism responsive to disparity. The sign of the disparity
is an important part of a mechanism that can explain
suppression in convergent strabismus and diplopia in
patients made exotropic after surgery for esotropia.
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numerous proteins to translate light information into nervous
impulses. We are to determining which proteins are involved
in phototransduction of the eyeless cnidarian Hydra
magnipapillata. Cnidarians, including hydra, may be the
most distant relatives of humans to have opsin-based
phototransduction. As such, studying cnidarians like hydra
informs us about the origins of phototransduction, and
therefore about the origins of animal eyes and vision. We
find that phototransduction arose in the common ancestor of
cnidarian plus bilaterian animals and this origin involved
mutation of an existing GPCR protein to become the first
opsin. Other components of phototransduction pre-date this
opsin origin, and were likely involved in a different sensory
function, indicating that phototransduction arose in part by
co-option of existing, likely sensory, components. After the
origin of opsin, phototransduction proteins joined forces with
a ´light interaction genetic toolkit´ - proteins that absorb,
reflect, or refract light - to evolve the riotous diversity of light
sensing structures we see in animals today.

WHY DID EYES EVOLVE?
D.-E. Nilsson
Dept. of Biology, Lund University, Lund, Sweden
Eyes are useful because of the fitness value provided
through visually guided behaviours. Ultimately, the evolution
of eyes is thus a consequence of the evolution of visually
guided behaviours. Gradual introductions of new visually
guided behaviours would have altered the requirements on
the structure and function of an eye, and by analysing these
requirements it is possible to reconstruct the key steps in
eye evolution. I identify four major classes of behaviours that
depend on information contained in light, and correlate these
classes of behaviour with major innovations in eye evolution:
1) visual pigments, 2) screening pigment structures, 3)
membrane stacking in photoreceptors, and 4) focusing
optics. I go on to place these innovation in a phylogenetic
tree, and demonstrate that an initially unique evolutionary
event was followed by parallel but functionally constrained
evolutionary events in different branches of animal
phylogeny.
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EVOLUTION OF THE MELATONIN SYSTEM AND OF
NON-VISUAL PHOTORECEPTION IN ANIMALS
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D. Arendt

SHEDDING NEW LIGHT ON OPSIN EVOLUTION

EMBL, Heidelberg, Germany

P. Robinson, M. Porter

Molecular comparisons indicate that a variety of
photoreceptor cell types employing distinct opsins existed
prior to the evolutionary radation of bilaterian animals; yet,
the ancient physiology and function in the marine
environment has remained elusive for most of these cells.
While ancient rhabdomeric photoreceptors have been
implicated in phototactic steering, little is known about the
ancient function of ciliary photoreceptors in bilaterian brains.
We will present new data indicating that annelid ciliary
photoreceptors synthesize melatonin, a key hormone
released from the vertebrate pineal gland, which controls
multiple aspects of circadian physiology. In the annelid ciliary
larva, melatonin slows down nocturnal ciliary swimming, as
revealed by melatonin application and receptor inhibition. At
later stages, melatonin controls the circadian release of
vasoisotocin and of other hormones, as in the vertebrates.
Based on the comparison of cell type molecular fingerprints
and on comparative gene knockout studies we will propose a
scenario for the cellular diversification of the melatonin
system, by division of labour, in the evolutionary lineages
leading to annelids and vertebrates, and how this has been a
template for the evolution of the their visual eyes.

Department of Biological Sciences, University of Maryland
Baltimore County, Baltimore, MD, USA
Opsins proteins, and the visual pigments they form, are
essential molecules in mediating the ability of animals to
detect and use light for diverse biological functions. Because
of their central role in photodetection, understanding the
evolutionary history of opsins is key to understanding the
evolution of light detection and photoreception in animals. As
genomic data have appeared and rapidly expanded in
quantity, it has become possible to analyze opsins that
functionally and histologically are less well characterized,
and thus to examine opsin evolution strictly from a genetic
perspective. We have incorporated these new data into a
large-scale, genome based, analysis of opsin evolution. We
use an extensive phylogeny of currently known opsin
sequence diversity as a foundation for examining the
evolutionary distributions of key functional features within the
opsin clade. This new analysis reveals novel relationships
and identifies previously unrecognized opsin groups.
Further, it demonstrates the limitations of current model
organisms, and highlights the need for further
characterization of many of the opsin sequence groups with
unknown function.
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EVOLUTION OF THE VERTEBRATE RETINA AND
PHOTORECEPTORS
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T.D. Lamb

LET THERE BE LIGHT! THE EVOLUTIONARY ORIGINS
OF ANIMAL VISION

JCSMR Neuroscience, and ARC Centre of Excellence in
Vision Science, Australian National University, Canberra,
ACT, Australia

T.H. Oakley
EEMB, UCSB, Santa Barbara, CA, USA

Metazoan animals have possessed photoreceptor cells for at
least 1000 million years. By the time that protostomes and
deuterostomes diverged (perhaps around 600 million years
ago), the photoreceptors of these bilaterally symmetric
animals had duplicated into (at least) two varieties:
rhabdomeric photoreceptors and ciliary photoreceptors. Until
recently, it had often been thought that protostomes utilised
only rhabdomeric photoreceptors whereas deuterostomes

The evolutionary origins of complex innovations like eyes are
contentious because they involve multiple, interacting
components, which may have differing evolutionary histories.
Research in our laboratory uses phylogenetic techniques to
investigate separately the individual components of complex
systems like animal phototransduction, to elucidate their
origins. Phototransduction underlies animal vision, utilizing
73

nanoparticle (HDNP) delivery system containing timolol and
brimonidine for once weekly glaucoma therapy.

utilised only ciliary photoreceptors, but it is now clear that
both classes of photoreceptor are present in almost all
animals. In many phyla, the ciliary class appears to be used
for circadian purposes, while the rhabdomeric class is used
for imaging vision; however, vertebrates are different.

Methods: A dendrimer hydrogel (DH) was prepared using a
conjugate of PAMAM dendrimer, polyethylene glycol, and
acrylate. Poly(lactide-co-glycolide) nanoparticles (NP)
containing brimonidine and timolol were prepared and
assessed for drug content, drug release, and particle size.
Drug analysis was conducted using an LC-MS method. A
novel HDNP formulation was prepared by entrapping drug
loaded nanoparticles in a crosslinked hydrogel. HDNP, NP,
and DH cytotoxicity were assessed in human corneal
epithelial cells (HCET) following 24 h exposure using an
MTT assay. HDNP and NP cell uptake was quantified after 5
min, 1 h, and 3 h. In vivo drug delivery and efficacy in
reducing intraocular pressure (IOP) in Dutch-belted rabbits
was evaluated over 1 week after a single dose.

In the early evolution of proto-vertebrates, it appears that
rhabdomeric photoreceptors instead adopted a role as
signalling neurons, receiving synaptic input from ciliary
photoreceptors. The evolving retina folded in on itself, and
the outermost layer (the retinal pigment epithelium in modern
vertebrates) developed the capacity to isomerise all-trans
retinal to 11-cis retinal in darkness, and also developed a
role in nourishing the retina. At that stage of evolution, it is
possible that the proto-vertebrate retina was a time-keeping
organ that simply signalled circadian and seasonal
information for feeding and breeding. Subsequently, the
vertebrate retina evolved an additional set of signalprocessing neurons (the retinal bipolar cells), probably by
duplication and modification of ciliated sensory cells, and
these bipolar cells became incorporated into the signalling
pathway between the ciliary photoreceptors and the output
neurons (retinal ganglion cells, modified from rhabdomeric
photoreceptors).

Results: The formulations were not cytotoxic to HCET cells.
HDNP exhibited 25%, 22%, and 30% cell uptake at 5 min, 1
h, and 3 h, compared to 3%, 7%, and 9% for NP,
respectively. At the end of 7 days, the order of drug delivery
to iris-ciliary body, aqueous humor, cornea, and conjunctiva
was HDNP > NP > DH > plain drug. HDNP exhibited12 and
7, 10 and 7, and 12 and 30 fold higher brimonidine and
timolol levels compared to NP, DH, and plain drug,
respectively in aqueous humor at 7 days. HDNP maintained
IOP reduction of 15% or higher for 7 days whereas NP, DH,
and plain drug maintained for 4 days, 4 days, and 3 h,
respectively.

The pressures that might have driven this evolutionary
pathway, and the advantages offered by intermediate stages
of this evolving retina and eye, will be discussed.
COI/Financial disclosure: Support: Australian Research
Council, CE0561903 and DP110103294

Conclusions: Hybrid dendrimer-nanoparticles containing
timolol and brimonidine is suitable to reduce glaucoma
therapy dosing frequency to once weekly.
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REQUIREMENTS OF MODERN DRUG DEVELOPMENT
AND IMPLICATIONS FOR OPHTHALMOLOGY
O. Zeitz
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Global Clinical Development, Bayer HealthCare, Berlin,
Klinik und Poliklinik für Augenheilkunde,
Universitätsklinikum Hamburg-Eppendorf, Hamburg,
Germany

NOVEL TARGETS FOR NEOVACULAR EYE DISEASES:
ANTI-VEGF AND BEYOND

2

M.J. Tolentino

This presentation is intended to set the stage for the
symposium on "Translational Drug Development in
Ophthalmology". The drug development chain will be
reviewed briefly starting with target and drug discovery,
preclinical pharmacology, proof-of-concept study and clinical
development. The challenges along this chain specifc for
ophthalmology will be highlighted. The subsequent
presentations by other speakers in the symposium will go in
more depth into specifc aspects, particularly animal models
in ophthalmology, clinical study endpoints and selected
aspects of promising new drugable targets.

Center for Medical Retina and Macular Diseases, Winter
Haven, FL, USA
We have successful treatments for neovascular eye
conditions in the form of anti-vascular endothelial growth
factor therapies, but these therapies are not universally
effective. With the clinical development of aflibrecept, the
anti-VEGF strategy has been fully optimized. The purpose of
this talk is to identify unmet medical needs in this post antiVEGF era , identify novel targets that can either address
subsets of non-responders to and to review other targets
that could enhance the efficacy of anti-VEGF therapies.

COI/Financial disclosure: Employee of Bayer Pharma AG,
Berlin, Germany

We will discuss targets such as PDGF, bioactive lipids
(sphinghosine-1 phosphate), macrophage modulation
(pentraxin-5, Interleukin 10) Intracellular signaling (tyrosine
kinase inhibition, Hif-1, histone lysine demethylases, c-Raf
kinase, ROCK, wnt, sonic hedgehog,RTP-801), insulin
pathway(IGF inhibition), mtor(sirolimus), integrin ( alpha 5
beta1) , complement inhibition ( C3,C5,MAC, anaphylotoxin),
and anti-oxidation. These targets will be placed in a
framework that can be correlated to the pathobiology behind
the development of neovascular eye disease for conditions
such as exudative macular degeneration, diabetic
retinopathy and retinal vein occlusions. This will be followed
by a discussion of the potential stumbling blocks for
molecules targeting these areas in terms of translating them
into therapy for the eye.
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OPHTHALMIC DRUG DELIVERY CHALLENGES AND
NANOMEDICINE OPPORTUNITIES
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S.A. Durazo , H. Yang , P. Tyagi , R. Kadam , C.A. Holden ,
1
U.B. Kompella
1

Pharmaceutical Sciences, University of Colorado Anschutz
2
Medical Campus, Aurora, CO, Virginia Commonwealth
University, Richmond, VA, USA
Purpose: A key challenge in treating glaucoma is
noninvasive sustained drug delivery in order to reduce
dosing frequency and improve patient compliance. Towards
this goal, we developed a topically applied hybrid dendrimer-

In conclusion we will summarize and rank the likelihood of
translating these molecules into actual therapies for ocular
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neovascular diseases taking into consideration, mechanism
of action, role in pathobiology, safety and tolerability of
molecules and potential ptifalls that could be seen in clinical
trials.

levels in the lens and neural retina were quantified by HPLCESI-MS. The drug levels were then correlated with molecular
descriptors calculated for each analog which included log P
and Clog P, dipole moments, kappa shape index, molar
refractivity, hydrophobic volume, topological polar surface
area, and the new topological descriptor fMF. Positive
correlations between the accumulation of drugs into the lens
and select molecular parameters associated with either
kappa shape index, hydrophobic volume, or dipole moment
2
were observed (linear fit analysis, R = 0.63 - 0.87, P< 0.05).
In contrast, no correlations were observed for predicting the
accumulation of these drugs into the vascular neural retina.

COI/Financial disclosure: Research Grant Recipient and
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Quark
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TREATMENT TARGETS FOR DRY AMD
S. Schmitz-Valckenberg
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Department of Ophthalmology, University of Bonn, Bonn,
Germany

OUTCOMES OF EX VIVO EXPANDED LIMBAL STEM
CELL TRANSPLANTATION IN HUMANS

Geographic atrophy is the next challenge following the
breakthrough in the treatment of neovascular age-related
macular degeneration (AMD). The relative slow rate of
disease progression and the low correlation between central
visual acuity and disease manifestation require innovative
concepts for the design of interventional trials. Retinal
imaging, including fundus autofluorescence and spectraldomain optical coherence tomography may play a pivotal
role in monitoring of therapeutic strategies and in better
understanding of underlying disease mechanisms. In recent
years, there is a growing number of therapeutic targets and
clinical trials in dry AMD. These include modulation of the
visual cycle, anti-inflammatory agents, complement
inhibition, neuroprotection and reduction of oxidative stress.
Should prove to investigatrional therapies for the GA to be
effective, this would potentially be a preventive approach to
the dry early form of AMD. This approach will in turn
potentially delay the prospect of developing late AMD forms
or prevent them.

1

Purpose: To study the clinical outcome of transplanting
animal-free cultivated limbal epithelial cells on human
amniotic membrane (AM) for the treatment of patients with
limbal stem cell deficiency (LSCD).
Methods: Prospective, single-centre, noncomparative,
interventional case series. Participants: eight eyes of 8
consecutive patients with unilateral LSCD (chemical burns in
6 eyes, thermal burn in 1 eye and radiation keratopathy in 1
eye) were treated at the Department of Ophthalmology,
Royal Victoria Infirmary, Newcastle upon Tyne, UK between
April 2006 and November 2008. Intervention: autologous
limbal epithelium from the healthy contralateral eye was
cultivated on AM without the requirement of animal cells or
products, and the expanded epithelium was transplanted
onto the ocular surface of the eye with severe LSCD. Main
outcome measures: ocular surface reconstruction with
corneal epithelialization, absence of superficial corneal
vascularisation, change in visual acuity, absence of
conjunctiva-derived goblet cells on corneal impression
cytology (IC) and postoperative complications were all
studied. Patient-reported outcomes including vision
impairment and pain/discomfort scores were also recorded.

TARGETING DRUGS TO THE LENS
1

1,2

1

1
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Newcastle University Medical School, Newcastle upon
2
Tyne, Liverpool University, Liverpool, UK
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Results: Seven of the patients were male and the mean age
was 43 (range 16 - 73). Mean follow up was 18 months
(range 8 - 31). Postoperatively, satisfactory ocular surface
reconstruction was obtained in all eyes (100%), as confirmed
by IC. However, three of the eight eyes developed localised
conjunctival invasion, requiring subsequent sectoral
epitheliectomy. Penetrating keratoplasty was performed in 1
eye. At last examination, visual acuity improved in 5 eyes
and remained unchanged in 3 eyes. Vision impairment and
pain scores improved in all patients (p< 0.05).
Complications: ocular surface exposure that required lid
surgery in 1 eye and corneal graft rejection in 1 eye.

1

Pharmaceutical Sciences, University of Nebraska Medical
2
Center, Therapeutic Vision, Inc., Omaha, NE, USA

Developing topical and systemic anticataract agents requires
specific knowledge for optimizing the concentration of these
agents to the lens. In our development of the topical aldose
TM
reductase inhibitor (ARI) Kinostat the effect of particle size
of the topically applied suspension on lens uptake of the ARI
was investigated. The ARI was milled into distinct particle
sizes of 4, 8, 14, and 19 µm and suspended into vehicle.
Each suspension was then topically administered TID to rats
fed a 25% galactose diet to induce cataract formation. After
21 days, all rats were euthanized and lens drug levels were
quantified by HPLC. All 4 suspensions delivered adequate
ARI to inhibit galactitol formation; however, the lenticular
concentration of the ARI increased with decreasing particle
size ranging from 1340 ± 140 ng/mg protein for the 19
micron suspension to 2000 ± 120 ng/mg protein for the 4
micron suspension.

Conclusions: This study demonstrates that transplantation
of autologous limbal epithelial stem cells cultured on
amniotic membrane without the use of animal cells or
products is an effective method of reconstructing the corneal
surface and restoring useful vision in patients with unilateral
LSCD. This procedure has the potential to become a viable
management option for patients with severe LSCD but it
requires more resources. Further studies with more patients
and longer follow-up should be conducted.

Bioavailability studies were also conduced to correlate
lenticular drug uptake of our multifunctionals following oral
administration. Each analog was incorporated into chow
(0.05%) and administered to C57BL/6 mice for periods of 14
days. At death all mice were perfused with PBS and drug
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corneal diseases. In this presentation, I will talk about the
recent progress of stem cell therapy for corneal diseases.

BIOMATERIALS-ENABLED CORNEAL REGENERATION
1

2

3
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ENGINEERING THE CORNEA USING COLLAGEN
HYDROGELS
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Pharmacy, Chemistry, University of Reading, Reading, UK

We have shown that crosslinked recombinant human
collagen (RHC) implants can serve as templates for
regeneration in patients after implantation. At four years
post-operative, implants remain stable without need for
immunosuppression. However, for high risk transplantation,
we need even more robust constructs that can also deliver
drugs or bioactives to prevent viral reactivation and
circumvent inflammation mediated damage. We have
developed networked RHC-phosphorylcholine implants that
are sufficiently robust to withstand the adverse host
conditions and block blood vessel entry in alkali burnt
corneas. In conditions where stem cells may be depleted, we
have developed a macromolecular intiator that crosslinks
collagen under UVA without harming cells.

Background and aims: Over ninety per cent of the cornea
is made from collagen. Therefore attempts to engineer the
cornea will need to consider this important structural protein.
We have developed a model using a collagen hydrogel that
allows us to control the materials mechanical properties.
Using this model we have begun investigating the optimum
material properties for corneal cell growth in the
development of a tissue engineered cornea.
Methods: Collagen hydrogels with tractable stiffness were
generated by variable compression to dehydrate and
plastically deform the hydrogels. The resulting gels had
tractable levels of elastic modulus, topography and collagen
fibril density. By encapsulating keratocytes or expanding
corneal epithelial cells within/upon the hydrogel the effect of
the gels structural properties on corneal cell phenotype was
quantified. The compressed hydrogels were characterized
by electron microscopy, atomic force microscopy, rheology
and hydration studies. Keratocyte and epithelial cells
extracted from human donor corneas were cultured under
standard conditions with and without serum within collagen
hydrogels. Markers of quiescence were quantified by QPCR,
Western blotting and immuno-histochemistry under
increasing levels of stiffness/collagen density following 1-3
weeks in culture.

We are now able to use of soft lithography to obtain
molecular micro- and nanopatterns on collagen-based
hydrogels that are employed as corneal implant materials.
Microcontact printing techniques and surface chemistries
were optimized to print ECM-based peptides as well as antiviral peptides onto both spin-coated (10-20 nm) and cast
films (500 µm) of recombinant human collagen type III
(RHCIII). We show that cultures of a neuronal progenitor cell
line (NDC) and human corneal epithelial cells on these
surface have both pattern and peptide-dependent cellular
responses.

Results: The collagen hydrogels were successfully used to
model the corneal stroma. Use of tractable stiffness allowed
us to decouple the substrates mechanical and topographical
features. Certain compression times resulted in small
increases in stiffness whilst SEM and AFM showed no
difference in the gels topography. Under these conditions
increased stiffness promoted differentiation of the corneal
epithelial cells. Furthermore, embedded keratocytes
compared between hydrogels with large differences in
stiffness (and corresponding collagen fibril density) resulted
in significant differences in quiescent markers and smooth
muscle actin. Collagen hydrogels with a high collagen fibril
density returned keratocytes to their desired quiescent
phenotype.

These biomaterials and their enhancements are currently
being evaluated for their future use in clinical application in
corneal transplantation, to promote regeneration.
COI/Financial disclosure: Project funded by ERA-net EU
Nanomedicine grant.
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APPLICATION OF STEM CELL TECHNOLOGIES TO
CORNEAL THERAPY
K. Nishida
Department of Ophthalmology, Osaka University Medical
School, Osaka, Japan

Conclusions: These results have important implications for
both basic and clinical research. From a tissue engineering
perspective, our work demonstrates that compressed
collagen gels can be used to model stiffness of biological
substrates (such as the cornea) and facilitate a decoupling of
the mechanical and topographical effects on cell behaviour.
We also conclude that the mechanical properties of collagen
gels are important to their potential clinical use. Increasing
collagen fibril density towards a more natural value i.e.
stiffness can influence both limbal epithelial stem cell and
keratocyte cell differentiation. Therefore we posit that by
tightly defining substrate stiffness within a tissue engineered
cornea the level of differentiated cells grown upon/within it
can be precisely controlled.

Drastic progress of the understanding of stem cell biology in
1990's, the clinical usage of stem cells seems to be
promising. Recently, a novel therapeutics utilizing tissue
engineering and stem cell technology, called regenerative
medicine, has been emphasized. As regenerative medicine
for corneal epithelial diseases, transplantation of cultivated
corneal epithelial cell sheets fabricated from corneal
epithelial stem cells expanded ex vivo has been developed
and has already entered the clinical realm. More recently,
the usage of other tissue stem cells, such as oral mucosa,
nasal mucosal etc., has been introduced for the treatment of
the patients with bilateral diseases. We previously developed
a novel method to use autologous oral mucosal epithelial
stem cells for corneal reconstruction and performed a clinical
application to the patients who suffered from severe limbal
stem cell deficiency. In addition, we are currently studying
the potential of pluripotent stem cells for the treatment of
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mM CaCl2 was used for gelation. A 7mm diameter area of
the central cornea was de-epithelialised, and 1.2% (w/v)
alginate gel discs with or without (untreated control) Y27632
(100 µM) and gels containing LEC were placed over
individual wounded corneas for 3 days. Treated corneas
were embedded in TissueTek, cryosectioned and stained
with haematoxylin and eosin. Cell viability was assessed by
Trypan blue exclusion and LEC differentiation was
investigated using Western blotting.

O228
EPITHELIAL-STROMAL INTERACTIONS DURING
DEVELOPMENT AND REPAIR
J. Zieske
Schepens Eye Research Institute, Boston, MA, USA
Classical studies of avian corneal development have
demonstrated that the primitive epithelium secretes a
collagen template, termed “primary stroma”, which directs
the organization of the mature stroma. This primary stroma,
however, has not been observed in mammalian corneal
development, which raises two questions: (1) does the
mammalian cornea use a template during development? (2)
If not, how does the developing corneal stroma become
organized? We have developed a 3-D culture model of
human corneal fibroblasts (HCF), where the HCFs were
stimulated to secrete and assemble a matrix by the addition
of a stable ascorbic acid derivative (sAsc). This self-secreted
matrix exhibits alternating layers of collagen fibrils that
resemble the mature human stroma. To determine the effect
of human epithelial cells (HCE) on this matrix, we produced
a co-culture model where HCF were cultured for three weeks
in sAsc and then HCE were seeded atop the self-assembled
matrix and cultured for an additional week. Co-cultures were
then examined using TEM and indirect-immunofluorescence
(IF). The TEM analysis demonstrated that the HCE stratified
to 3-4 layers and the beginnings of a basement membranelike structure was formed. The IF analysis demonstrated that
with the addition of HCE to the culture system, fibrotic
markers, such as type III collagen and smooth muscle actin
(SMA), were observed in the matrix and HCF, which is in
contrast to cultures without HCE. Also, while type III collagen
was confined to the HCF and its matrix, type V collagen was
present in both the HCE and HCF layers. In addition, cellular
fibronectin (cFN) was stimulated by the HCE and appeared
highly aligned at the HCE/HCF interphase. These results
suggest that HCE stimulate a response in the HCF that
appears to be similar to a fibrotic response. In addition, the
results indicate that the HCE are capable of making matrix
components in this wound-healing/development model.
Finally, the data suggests that the HCE/HCF interaction may
result in the secretion of highly aligned cFN that potentially
could serve as a template for the organization of the stromal
matrix.

Results: LEC were robustly viable in alginate gels discs and
a population of these cells remained in an undifferentiated
state, suggesting the presence of progenitor LEC. Cell
viability was significantly enhanced with increases in internal
pore size mediated by HEC. Although LEC were viable
within alginate gels for the duration of the treatment period
and successfully delivered to damaged corneas, these cells
did not induce epithelialisation of the cornea. The wounded
corneal epithelium treated with Y27632 delivered with
alginate hydrogels, however, presented a more stratified
epithelium than untreated injured corneas.
Conclusions: Alginate gel discs with modified internal
porosity may be used as delivery agents for ocular surface
repair. These hydrogels may be used as ocular bandages,
for controlled release of drugs including the ROCK inhibitor,
which accelerate corneal epithelialisation.
COI/Financial disclosure: Part of the work presented in the
abstract has been filed as intellectual property.
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FUNCTIONAL CHANGES IN ALPHA-CRYSTALLIN BY
POST-TRANSLATIONAL MODIFICATIONS
1

1

THE USE OF ALGINATE HYDROGELS FOR OCULAR
SURFACE REPAIR
1
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B. Wright , S. Mi , B. Chen , V.V. Khutoryanskiy , C.J.
1
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α-Crystallin is a major protein in the human lens and it is
believed to help maintain transparency of the lens through its
chaperone function. Like other proteins in the lens, αcrystallin undergoes post-translational modifications during
aging and cataract formation. Acetylation of lysine residues
in proteins is a major post-translational modification in
cellular proteins. Our studies have shown that many proteins
in the human lens, including α-crystallin are acetylated. Mass
spectrometric analysis revealed that K70 and K99 in αAcrystallin and, K92 and K166 in αB-crystallin are acetylated
in the human lens. In this study we have investigated the
effect of acetylation of α-crystallin on its structure and
function. When compared to the unmodified protein, the
chaperone function of the in vitro acetylated αA-crystallin
was higher against three of the four different client proteins
tested. Because lysine70 (K70) in aA-crystallin is acetylated
in vivo, we generated a protein with an acetylation mimic,
replacing Lys70 with glutamine (K70Q) to study changes in
its structure and function. The K70Q mutant protein showed
increased chaperone function against three client proteins
(citrate synthase, insulin and βL-crystallin) compared to the
wild-type protein but decreased chaperone function against
g-crystallin. The acetylated protein displayed higher surface
hydrophobicity and tryptophan fluorescence, had altered
secondary and tertiary structures and displayed decreased
thermodynamic stability. To further verify the effect of
acetylation on α-crystallin's functions, we have used
acetylated
mini-chaperones
αA:
and
αB:
69DK(acetyl)FVIFLDVKHFSPEDLTVK88
.
Chaperone
73DRFSVNLDVKHFSPEELKVK(acetyl)V93
assays showed that the acetylated αA peptide but not the αB
peptide had higher chaperone function against four client
proteins (the above mentioned proteins, including γ-
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School, Tsinghua University, Shenzhen, China
Purpose: Therapy for limbal stem cell deficiency, a leading
cause of corneal blindness, may be improved by application
of therapeutic cells and drugs which promote corneal
epithelialisation, using biocompatible hydrogels for their
delivery. Therefore, the present study aims to investigate
alginate hydrogels as ocular bandages for the delivery of the
ROCK inhibitor, Y276232, and limbal epithelial cells (LEC)
for repair of the wounded ocular surface.
Methods: The entire cornea was excised from the eye
(bovine model) and suspended on an agar and medium
support. Alginate gel discs were formed with or without the
live cell porogen, hydroxy ethyl cellulose (HEC), and 102
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66-80

crystallin) relative to unacetylated control peptides. The
acetylated peptides had similar surface hydrophobicity to
control peptides. Together, our data suggest that acetylation
of αA-crystallin occurs in the human lens and that it could
alter the chaperone function of αA-crystallin.

peptide is
from alphaA-crystallin we found that alpha-A
one of the peptides primarily associated with WIS fraction.
The purpose of this study was to demonstrate the presence
of protease in lens that might be responsible for the
66-80
peptide
cleavage of alphaA-crystallin to generate alpha-A
66-80
peptide to
and to determine the potential of alphaA
contribute to oxidation reactions. Peptide substrates, MCASEVRSDRD[LYS(Dnp)]RR,
Suc-DVKHFSPEDK-Biotin,
whose cleavage at R-S and F-S bonds would indicate the
66-80
generation from were incubated
mechanism of alphaA
with bovine lens extract and the products were analyzed by
HPLC and mass spectrometry. Several protease inhibitors
were also used to determine the mechanistic class of lens
66-80
peptide generation.
protease responsible for alphaA
66-80
peptide's potential to form redox center and
AlphaA
participate in oxidation reactions was also investigated in
vitro by measuring H2O2 formation in presence of metal ions.
Hydrolysis of both peptide substrates at the expected
peptide bond by lens extract was confirmed by mass
spectrometric studies. Inhibition studies showed that 1,10phenanthroline at 1mM concentration completely abolished
the activity of lens protease(s) responsible for the cleavage
66-80
peptide
of peptides. We found that incubation of alphaA
2+
in PO4 buffer containing traces of Cu results in generation
of H2O2 and this can be completely suppressed by EDTA or
catalase. The results support the existence of protease(s) in
66-80
lens that can generate aggregation causing alphaA
2+
peptide. The generation of H2O2 by peptide + Cu suggests
that the metal ion bound to the peptide is redox active and
may participate in free radical formation.
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ADVANCED GLYCATION END PRODUCT
CONCENTRATION IN PHOTOBLEACHED LENSES
1

1

2

2

L. Kessel , T. Holm , C.T. Raghavan , R. Nahomi , R.H.
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2
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With age the human lens undergoes marked optical changes
with decreased transmission of light and increased
scattering. The optical changes are responsible for the
reduction in visual performance associated with cataract and
they are caused by accumulation of chromophores and
changes
in
protein-protein
interaction
due
to
posttranslational modification of lens proteins by nonenzymatic glycation and other processes. We have
suggested that photobleaching of lens chromophores could
be a potential treatment of cataract. In order to examine the
effect of photobleaching we measured the concentration of
prevalent advanced glycation end products (pentosidine,
CML and hydroimidazolone) on 10 lens pairs from human
donors aged 50 to 78 years. As expected the lenses showed
age-related decline in transmission of predominantly blue
light and an increase in the concentration of advanced
glycation end products. There was a significant inverse
association between blue light lens transmission, age,
2
pentosidine and CML levels (p=0.008, adjusted R =0.94).
The lenses showed very little variation in scatter and there
was no significant increase in scattering with age (p=0.6).
One lens from a pair was photobleached using an irradiation
2
dose of 1.5 kJ/cm at 445 nm and the other lens was kept as
a control. After photobleaching, light transmission increased
significantly, especially in the blue wavelength region where
a mean increase of 20% was observed (p>0.001). Scattering
remained on the same low levels as before photobleaching
(p=0.7). No differences in AGE concentration could be
detected but the sample size was too small for firm
conclusions to be drawn.
COI/Financial disclosure: Danish
Council. The Foundation of June 15
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HUMAN LENS CRYSTALLIN FRAGMENTS IN AGING
LENSES SHOW EXTENSIVE POST-TRANSLATIONAL
MODIFICATIONS (PTMS) AND FORM AMYLOID-TYPE
AGGREGATES IN VITRO
1

Vision Sciences, University of Alabama at Birmingham,
2
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University of South Carolina, Charleston, SC, USA
We have shown aggregates of crystallin fragments in human
lenses (J. Biol. Chem., 279:10901-10909, 2004; Exp. Eye
Res., 87:356-366, 2008), and their relatively greater levels in
the nuclear than in the cortical region (Mol. Vis. 16:476-494,
2010). To extend these studies, the aims were to determine:
(1) PTMs in human lens crystallin fragments, and (2)
whether they aggregate in vitro by an amyloidogenic
mechanism. Four fractions containing crystallin fragments
were isolated from 50-70 year-old human lenses, i.e.
Fraction I (~3.5 kDa species), Fraction II (>3.5 to 7 kDa
species), Fraction III (>7 -10 kDa species) and Fraction IV
(>10 - 18 kDa species). Following 2D-gel electrophoresis,
the identity and PTMs in individual fragment spots from
Fractions I to IV were analyzed by mass spectrometric
methods. Crystallin fragments (3-4 kDa) were isolated by our
previous TCA solubilization method (Mol. Vis. 9:110-118,
2003). The complexes of the fragments were analyzed by
dynamic light scattering (for molecular mass) and
transmission electron microscopy (TEM, for particle sizes).
The amyloid-type aggregates were assayed using Congo
Red (CR) or Thioflavin (ThT). The 3-4 kDa polypeptides
were derived primarily from αA- and αB-crystallins, and
those in Fractions I to IV were fragments of subsets of α-, βand γ-crystallins. All fragments exhibited a variety of PTMs.
Complexes of fragments on self-aggregation or with water
soluble high molecular weight (WS-HMW) proteins exhibited
5
8
Mr of 5.5X10 to 1.0X10 Da. During CR and ThT assays, the
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PROTEOLYSIS IN AGING LENS: POTENTIAL OF A
PHYSIOLOGICAL PROCESS CONTRIBUTING TO
OXIDATION AND AGGREGATION OF CRYSTALLINS IN
VIVO
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Previous studies have established that cataract is associated
with proteolysis. We have reported that while aging lenses
have
increased
crystallin-derives
fragments
the
concentration of these peptides is even higher in cataract
lenses. We have also shown that several of the alphacrystallin-derived peptides induce aggregation and
precipitation of lens crystallins. Among the peptides derived
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fragments of Fractions I to IV showed either a red shift or an
increase in the fluorescence emission. During TEM analysis,
they also showed amyloid-like structures (~100 nm) in the
form of strings at low pH (2.0) and on heating at 60°C for 5
h. The results showed that human crystallin fragments with a
variety of PTMs were derived from subsets of α-, β- and γcrystallins, and they formed amyloid-type of complexes per
se and with WS-HMW proteins in vitro. (Supported by
grants: NIH-EY06400, P30EYE3039 and EyeSight
Foundation of Alabama)

its oxidation but can be repaired by the mitochondrial
enzyme MsrA suggesting a mitochondrial localization pattern
for αB-crystallin/sHSP and an important yet unidentified
mitochondrial
function
for
αB-crystallin/sHSP.
We
hypothesized a role for αB-crystallin/sHSP in protection of
one or more mitochondrial proteins against oxidative
inactivation and thereby a role for αB-crystallin/sHSP in
mitochondrial protection. Here, we examined the ability of
αB-crystallin/sHSP to preserve mitochondrial function in lens
HLEB3 and retinal ARPE19 cells. Our data demonstrate that
αB-crystallin/sHSP is present in the mitochondria of lens and
retinal cells and that αB-crystallin/sHSP specifically
translocates to the mitochondria under oxidative stress
conditions. αB-crystallin/sHSP specifically interacts with
cytochrome c to prevent its oxidation and in turn prevent the
loss of mitochondrial function in lens and retinal cells.
Consistently, αB-crystallin/sHSP overexpression preserves
mitochondrial function in lens and retinal cells under
oxidative stress conditions. These data demonstrate that αBcrystallin/sHSP maintains and protects lens and retinal cells
under oxidative stress conditions at least in part by
preserving
mitochondrial
function
and
preventing
cytochrome c oxidation and inactivation. Its repair by the
mitochondrial enzyme MsrA likely is required for its
mitochondrial protective function in these cells. Since
oxidative stress-induced loss of mitochondrial function is
associated with eye lens cataract and age-related macular
degeneration, this αB-crystallin/sHSP function is likely
important to protect against these diseases and loss of this
αB-crystallin/sHSP function could play a role in development
of these diseases.
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DEAMIDATION DISRUPTS INTERFACE INTERACTIONS
BETWEEN BETAB2 AND BETAA3-CRYSTALLIN
SUBUNITS
K. Lampi, C. Fox, L. David, M. Murray
Integrative Biosciences, Oregon Health & Science
University, Portland, OR, USA
Purpose: Deamidation is the major post-translational
modification of len crystallins during normal aging and
cataracts. Deamidated crystallins are increased in the
insoluble proteins from cataractous lenses. Mimicking
deamidation in vitro significantly decreases crystallin stability
and rescue by alpha-chaperone, with only a subtle change in
structure.
Methods: In order to determine the structural basis for
deamidation-induced
decreased
stability,
hydrogen
deuterium exchange with mass spectrometry experiments
were performed with recombinantly expressed betacrystallins. Regions of high exchange indicate increase
solvent accessibility. Regions of decrease exchange indicate
decreased solvent accessibility and potential sites of new
interactions.

COI/Financial disclosure: Nothing to disclose

Results: Significant decreases in solvent accessibility in
betaB2 when complexed with betaA3 were noted in 1)
predicted interface regions and 2) residues 121-134.
Residues 121-134 contain 5 charged residues. When the
peptides of decreased deuterium exchange are plotted onto
the known crystal structure of betaB2, they are all located on
one side of the dimer, referred to as the RQ interface in the
betaB2 tetramer or the betaB1 dimer.

Ophthalmology, University of Washington, Seattle, WA, USA
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THE PECULIAR STRUCTURE OF SCHLEMM´S CANAL
(SC): INSIGHTS INTO THE FUNCTIONAL MORPHOLOGY
M. Johnstone, E. Martin

Background and aims: Physiology studies in humans
demonstrate continuous cyclic pulse-dependent aqueous
flow into the episcleral veins from SC. Pulse generation in
biologic systems requires cyclic tissue movement and back
flow prevention. Neither transient pulse nor flow waves could
be transmitted directly from the anterior chamber (AC)
through the labyrinthine trabecular meshwork (TM) to SC
without tissue movement. To explain pulsatile flow the TM
must undergo pressure-dependent movement, behavior
requiring properties of TM elasticity and compliance.
Pressure-dependent morphologic properties of the TM were
studied in an effort to explain well-documented physiologic
pulsatile aqueous outflow.

Conclusions: BetaB2 is predicted to be a dimer with an
extended linker in solution. However, our data strongly
suggests that when in complex with betaA3, the interface
normally exposed in the betaB2 homodimer is now
interacting with betaA3. This would only be possible if the
betaB2/betaA3 heterodimer had a bent linker. This would
allow tigther packing in the lens center where the
concentration is high. NIH 011239

Methods: To assess in vivo pulsatile aqueous outflow in
human subjects, direct observation of aqueous movement
induced by cyclic intraocular pressure (IOP) transients was
recorded by video imaging of aqueous and episcleral veins,
collector channels and SC. To assess human in vivo
functional SC and TM responses to pressure gradient
reversal across the outflow system, episcleral vein
compression with a goniolens was followed by observation
and recording of blood movement into and out of SC canal in
human eyes. To assess structural pressure-dependent
tissue deformation, enucleated human & living primate eyes
were fixed at graded intraocular pressures, including
reversal of pressure gradients, followed by morphologic
studies of the TM and SC.
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REPAIR OF ALPHA-CRYSTALLIN CHAPERONE
ACTIVITY BY MSRA AND PROTECTION OF LENS
MITOCHONDRIA
L. Brennan, R.S. McGreal, W. Lee Kantorow, D. Chauss, M.
Kantorow
School of Biomedical Sciences, Florida Atlantic University,
Boca Raton, FL, USA

Results: Direct observation demonstrated one-way pulsatile
aqueous entry to SC, collector channels, aqueous and
episcleral veins synchronous with cyclic IOP transients. In

αB-crystallin/sHSP protects cells against various types of
damage. αB-crystallin/sHSP chaperone activity is lost upon
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vivo pressure reversal caused blood to rapidly fill, and then
rapidly empty from SC lumen. IOP-induced tissue loading by
pressure demonstrated histologically that TM tissues deform
in response to increases in IOP resulting in progressive
distention of the TM into SC. SC inner wall endothelium
attaches to the underlying tissues by cytoplasmic processes
attaching to juxtacanalicular cells that in turn attached by
cytoplasmic processes to the trabecular lamellae. SC inner
wall cell cytoplasm, nuclei and cytoplasmic processes
experience IOP-induced stresses consistent with the
presence of a tensionally integrated, prestressed system.
Pressure reversal induces blood reflux into SC but changes
in TM and SC structural relationships prevent blood reflux
into the AC, consistent with the presence of a one-way flow
mechanism.

Funding Supported by NIH EY 018712, Massachusetts Lions
Eye Research Foundation, Inc.
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HYDRODYNAMIC AND STRUCTURAL IMPLICATIONS OF
FUNNELING
M. Johnson
Northwestern University, Evanston, IL, USA
While it is known that the generation of outflow resistance in
both normal and glaucomatous eyes is localized to the
region between the juxtacanalicular connective tissue (JCT)
and the inner wall of Schlemm´s canal (SC), full
characterization of this resistance has not been achieved.
Morphological evaluation combined with hydrodynamic
analyses indicates that neither the extracellular matrix of the
JCT nor the unique vacuoles and pores of the inner wall
endothelium of SC could alone generate a significant fraction
of outflow resistance. However, experimental evidence
indicates that both of these tissues are involved in the
generation of outflow resistance (Hamanaka and Bill, 1987,
1988; Mapea and Bill, 1992; Keller et al., 2009). A resolution
to this dilemma was provided by Johnson et al. (1992)
showing that a hydrodynamic interaction called "funneling"
could elevate the combined resistance of these tissues to a
level much higher than either alone could contribute.
Experimental evidence for funneling was provided by
Kaufman´s group (Sabanay et al., 2000).

Conclusions: In vivo physiology studies demonstrate that
cyclic AC pressure transients induce pulsatile aqueous flow
from SC to the aqueous veins. Functional morphology
studies demonstrate tensionally integrated, IOP-dependent
TM movement as well as tissue reorganization with pressure
reversal that ensures one-way flow, findings capable of
explaining pulsatile flow documented by physiology studies.
COI/Financial disclosure: Nothing to disclose
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SIGNIFICANT REDUCTION OF ACTIVE AREAS OF
OUTFLOW IN PRIMARY OPEN ANGLE GLAUCOMA
E.D. Cha, R. Jin, H. Gong
Ophthalmology, Boston University School of Medicine,
Boston, MA, USA

For the inner wall endothelium to contribute to the generation
of outflow resistance, it must necessarily be able to
structurally support the pressure drop generated by this flow
resistance. While funneling indicates that this pressure drop
occurs within the JCT, it is localized to the immediate vicinity
of vacuoles and pores, with the remainder of the inner wall
needing to support the entire pressure drop (Overby, PC).
This is a substantial load that SC cells must support. The
structural characteristics of SC cells is thus of importance.
Recent work (Zhou et al., 2011) demonstrates that these
cells have substantial contractile potential that they may use
for load bearing. Atomic force microscopy has demonstrated
that these cells are able to support considerable load in their
cortex (Johnson et al., 2011). Interactions between the
structural characteristics of these cells, and their
hydrodynamic permeability may underlie the fundamental
defect in glaucoma.

Purpose: Determine changes in outflow patterns and
associated morphology responsible for decreased outflow
facility in primary open angle glaucoma eyes (POAG)
compared to normal eyes.
Methods: Four POAG and three normal human eyes were
perfused 30 minutes at 15mmHg to establish a stable
baseline outflow facility. Anterior chamber of each eye was
exchanged (5mL) and perfused with fixed volumes (200µL)
of fluorescent tracers and perfusion-fixed. Tracer patterns in
trabecular meshwork (TM) and episcleral veins (EV) of each
eye were imaged globally with active outflow areas and
fluorescent intensity analyzed. Eyes were cut into quadrants
and categorized into high, low, or no-flow areas. EV tracer
distribution was imaged by confocal microscopy. Coronally
dissected tissues were imaged for TM tracer distribution and
morphology.

COI/Financial disclosure: Nothing to disclose
Results: Outflow facility was significantly lower in POAG
eyes compared to normal eyes (p< 0.05). Normal eyes
showed a segmental nature of active outflow and POAG
eyes showed significant reduction of active outflow areas (p<
0.05). Interestingly, remaining active flow areas of POAG
eyes were largely in the nasal quadrant. Although POAG
high-flow areas showed similar tracer distribution in the TM
as normal eyes, their EVs showed reduced amounts. Lowflow areas showed tracers solely in the TM for both groups
and no-flow areas showed no fluorescent tracers in either
EVs or TM. No-flow areas of POAG eyes showed a
completely collapsed Schlemm's canal (SC) and with
collector channel (CC) ostias blocked by herniated TM. Also,
there were more extracellular matrix (ECM) protein deposits,
and less open spaces between TM beams. Normal eyes
showed open SC and CC regardless the type of flow.
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PORE FORMATION IN SCHLEMM'S CANAL
ENDOTHELIUM AFTER CELLULAR STRETCH
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Aqueous humor crosses the endothelium lining Schlemm's
canal inner wall (SCE) in the basal-to-apical direction.
Because of this demanding mechanical environment, SCE
experiences significant deformation (e.g. giant vacuole
formation) and forms transendothelial pores through which
the bulk of aqueous humor leaves the anterior chamber.
Pore density is reduced in glaucomatous eyes, suggesting
that pores may play a role in IOP regulation. We hypothesise

Conclusions: POAG eyes compared to normal eyes have
identifiable morphological changes that correspond with a
significant reduction in active outflow areas and decreased
outflow facility.
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that human SCE cells (HSCECs) form pores in response to
stretch, even in the absence of a basal-to-apical pressure
gradient.
HSCECs were isolated from a 44 year-old nonglaucomatous donor using established methods. Eighty-four
hours prior to experiments, cells were seeded in parallel at
confluency on elastomeric membranes mounted within a
stretching device. Cells were exposed to stretch by
isotropically increasing the surface area (ΔSA) by 0, 21 or
44% for 5 minutes. Cells were fixed and prepared for
scanning electron microscopy in the stretched state. Four
independent, masked observers identified pores in
2
66,000µm per sample. Pore density and porosity were
normalized by initial area.
Pores (inset) were observed in most samples. Porosity
increased significantly with ΔSA from 0 to 21% (p=0.032) but
not with a further stretch from 21 to 44% (p=0.67). ΔSA
correlated with both pore density (p=0.040) and porosity
(p=0.038).

and whether dysregulation of this loop could underlie ocular
hypertension.
A feedback control system requires three elements: an IOP
sensor; an “actuator” that can change outflow resistance
(and hence IOP); and communication from the sensor to the
actuator. We suggest that SC inner wall cells are uniquely
positioned to serve as IOP sensors, for three reasons. First,
they experience very large deformation in response to
changes in IOP, e.g. giant vacuole formation leads to strains
of up to 50% in monkey eyes (and probably similar in human
eyes). For comparison, strain levels in arterial wall smooth
muscle cells are typically less than 20%. Second, SC
endothelial cells are predicted to experience IOP-dependent
and physiologically-significant shear stresses due to
2
circumferential flow within SC of 1-15 dyne/cm ; compare
with shear stresses experienced by vascular endothelial in
2
the large arteries of 2-15 dyne/cm . Finally, most data
suggests that the “actuator”, i.e. the primary source of
outflow resistance, is located at or adjacent to the inner wall
of SC. A simple calculation of transport rates shows that SC
inner wall cells are well-positioned to signal to this actuator
through release of paracrine factors.
We present data showing the mechanoresponsivity of SC
cells, and suggest that one paracrine signalling factor might
be nitric oxide, released in response to changes in shear
stress in SC.
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HERE´S HOW IT WORKS: LESSONS FROM
PHYSIOLOGY
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In most people intraocular pressure (IOP) is tightly controlled
by the regulation of outflow resistance in the conventional
outflow pathway. In healthy eyes, trabecular meshwork (TM)
cells located in the inner part of the pathway remove debris
and reactive oxygen species from aqueous humor before
reaching the juxtacanalicular tissue (JCT), where JCT-TM
and Schlemm's canal (SC) cells interact and outflow
resistance is generated/controlled. A pressure gradient
across the conventional tissues (IOP versus episcleral
venous pressure) distends cells/tissues and drives fluid flow;
resulting in the generation of signaling molecules and their
unidirectional transport. Numerous local signaling mediators
in the conventional pathway such as bioactive lipids,
cytokines, nitric oxide, and nucleotides participate in the
regulation of outflow. Some endogenous molecules like
sphingosine-1-phosphate rapidly and robustly increase
resistance to outflow by 40% and others like prostaglandin
E2 decrease resistance to outflow by 65%. The time course
for effects depends upon the specific molecule and cellular
pathways that it modulates. Thus, a balance of signals (both
present in aqueous humor and locally produced) provide
"tone" to conventional tissues giving redundant and
complementary signaling mechanisms to ensure that
resistance generation (IOP homeostasis) at the level of the
JCT is properly controlled.

We conclude that cellular stretch can induce pore formation.
The plateau observed in the figure could indicate a critical
stretch value for pore formation. Porosity observed at
ΔSA=44% is threefold less than is observed in situ (Ethier,
IOVS, 1998). Additional biomechanical or biological factors
likely contribute to pore formation as well.
Acknowledgements: Kristin Perkumas for expert provision
of
HSCECs.
NIH-Grant
EY019696,
Departmental
Studentship (STB).
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HERE´S HOW IT WORKS: LESSONS FROM
BIOMECHANICS
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We usually think about the role that Schlemm's canal (SC)
may play in the generation of ocular hypertension. However,
it is instructive to turn that thinking on its head: most
individuals will maintain a stable IOP over the course of an
80+ year lifespan, suggesting the existence of a
biomechanical feedback loop that maintains a target IOP.
We ask what role SC might play in such a feedback loop,

This presentation will discuss current ideas about
conventional outflow pharmacology that regulate the
physiology of outflow resistance at the level of Schlemm's
canal.
COI/Financial disclosure: Unrestricted gift from Allergan,
Inc.
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homeostatic photoreceptor cell integrity. Disruptions of the
sentinel role of NPD1 in photoreceptor renewal may
participate in macular degeneration and other retinal
degenerations leading to blindness. 2) We began applying
Matrix-Assisted
Laser
Desorption/ionization
(MALDI)
Imaging Mass Spectrometry to the Human Retina,
particularly the Macula in AMD to define the DHA lipidomic
molecular organization of photoreceptors/RPE cells. We
reconstructed the molecular species of phospholipids in the
macula and other regions of the human retina with different
stages of AMD . 3) Using experimental CNV we identified a
novel CD11b cell type integral to CNV that associate with
vascular endothelial cells and demonstrated that topical
NPD1 reaches retina, and ameliorates experimental CNV.
Moreover we found that this docosanoid promotes the
redistribution and ramification of microglia. Microglia have
been identified in retinal degenerations and are a potential
target of NPD1 signaling.

LET´S THINK OUTSIDE THE BOX
E.R. Tamm
Institute of Human Anatomy, University of Regensburg,
Regensburg, Germany
The endothelial layer of Schlemm's canal shows distinct
structural and functional characteristics that are not
commonly seen in other vascular systems throughout the
body: (1) Schlemm's canal endothelial cells form micron size
intra- and extracellular pores in response to basal-apical flow
of aqueous humor, (2) the endothelial layer forms
outpouchings (giant vacuoles) that are commonly associated
with pores, (3) both pores and giant vacuoles rapidly
disappear when flow is reversed. As of today, the specific
molecular characteristics of pore and/or giant vacuole
formation are almost completely unclear. Both processes are
expected to require critical cell biological processes. For
giant vacuole formation, the endothelial layer needs to
detach from its underlying fibrillary extracellular matrix which
is considerably dense in the human eye. In addition, the
process involves a pronounced increase in membranous
surface which has to occur in a relative short period of time
and from a preformed pool of unknown nature. On the other
hand, destabilization and detachment of endothelial cells
during vacuole and/or pore formation needs to be avoided. It
is to be expected that the processes become increasingly
impaired with increasing age when the underlying
extracellular matrix of the juxtacanalicular region develops its
characteristic changes in quality and quantity of extracellular
matrix. A more thorough understanding of the specific
molecules involved in pore and vacuole formation is critically
required to unveil the characteristics of Schlemm's canal
endothelium and its role in primary open-angle glaucoma.

Concluding, a key RPE cellular action of NPD1 is to
modulate neuroinflammatory signaling , shifting away from a
chronic response and damage to repair. Also early events in
retinal degenerative diseases such as protein misfolding and
proteotoxicity are attenuated by NPD1 in RPE cells. NPD1
bioactivity
targets
multiple
checkpoints
of
the
neuroinflammatory cascade as well as upstream events of
apoptosis, and of other forms of cell death, and thus
promotes homeostatic regulation of photoreceptor cell
integrity.
COI/Financial disclosure: Supported by NIH NEI R01
EY005121 and by the National Foundation Fighting
Blindness
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HYDROGEN SULPHIDE PROTECTION AGAINST
RETINAL DEGENERATION
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NEUROPROTECTIN D1 (NPD1) AND RPE SIGNALING IN
RETINAL DEGENERATIONS

The recent discovery that hydrogen sulphide (H2S) is an
endogenously produced gaseous secondary messenger
capable of modulating many physiological processes, much
like nitric oxide, prompted us to investigate the potential role
of H2S as a retinal neuroprotective agent. In the current
study we use dithiolethiones (kindly provided by Dr. Piero
Del Soldato, Milan, Italy) as H2S donors and show that such
substances attenuate the effect of retinal ischemia as well as
oxidative and light-induced injury to a transformed line of
cells (RGC-5 cells) in culture. Ischemia was delivered to rats
by elevation of the intraocular pressure above the systolic
blood pressure. Partial damage to the retina after seven
days was determined by a combination of procedures which
included
analysis
of
electroretinograms,
immunohistochemistry and changes in the retinal content of
proteins and mRNAs known to be associated with ganglion
cell function and apoptosis. Most of the changes caused by
ischemia were significantly attenuated by intravitreal
injection of a H2S donor directly after ischemia.

N. Bazan
Neuroscience Center of Excellence and Department of
Ophthalmology, Louisiana State University Health Sciences
Center, New Orleans, LA, USA
The significance of the selective enrichment in omega-3
essential fatty acids (docosahexaenoyl -DHA- chains of
membrane phospholipids, 22C and 6 double bonds) in
photoreceptors and other parts of the nervous system
remained, until recently, incompletely understood. While
studying mechanisms of cell survival our laboratory
contributed to the discovery of a docosanoid synthesized
from DHA by a 15-lipoxygenase-1, dubbed neuroprotectin
D1
(10R,17S-dihydroxy-docosa-4Z,7Z,11E,13E,15E,19Z
hexaenoic acid). We found NPD1 is promptly made in
response to oxidative stress and in the presence of
neurotrophins. NPD1 is neuroprotective in oxidative-stressed
retinal pigment epithelial (RPE) cells. We suggest that NPD1
in vision is a protective sentinel, one of the first defenses
activated when RPE/photoreceptor cells homeostasis is
threatened . We provide recent examples that highlight
NPD1 bioactivity in vision: 1) Photoreceptors renew
membrane disks containing the phototransduction apparatus
and DHA intermittently via shedding of their tips and
phagocytosis by retinal pigment epithelial (RPE) cells in an
oxidative stress-prone environment (light, high O2
consumption, high polyunsaturated fatty acid fluxes, etc). We
show that phagocytosis of photoreceptor discs promotes via
NPD1 synthesis specific refractoriness to oxidative stressinduced apoptosis in RPE cells, which then fosters

Both light (400-700nm, intensity 1000 lux) and hydrogen
peroxide caused death to RGC-5 cells in culture over a
period of 24-48 hours in a time and dose-dependent manner,
respectively. Light and hydrogen peroxide-induced RGC-5
cell death is by different forms of apoptosis but they are both
attenuated by the H2S donor, ACS1.
These initial findings demonstrate that donors of H2S may
be value in the treatment of various retinal dysfunctions
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where oxidative stress, light or ischemia is implicated as
causative fact.

modification of proteins and gene expression changes, as
well as normalizing the retinal sterol profile; however, no
histological rescue occurs. The retinal degeneration involves
apoptosis of photoreceptor cells, which appears to be
caspase-independent. Several 7DHC-derived oxysterols
have been identified recently in the retina, brain, liver, and
blood of the SLOS rat model, but not in controls. Some of
these oxysterols perturb membrane structure and function,
can alter gene expression, and are toxic to cells, while
others exhibit lesser or no apparent toxicity. 7Ketocholesterol (7kChol), which normally is formed from
Chol and has been implicated in the pathobiology of
atherosclerosis, Alzheimer's disease, and age-related
macular degeneration, was one of dominant oxysterols
identified, and apparently is generated from 7DHC in the
SLOS rat model. Intravitreal injection of 7kChol in normal
rats causes massive retinal degeneration; vehicle alone or
equimolar amounts of Chol does not. We propose that
7DHC-derived oxysterols are involved in the SLOS rat model
retinal degeneration and in the pathobiology of SLOS. Thus,
blocking 7DHC oxidation with suitable antioxidants, in
combination with Chol supplementation, may prevent or
minimize the retinal degeneration in this model and also
provide an improved therapeutic intervention for SLOS.
[Supported, in part, by NIH grant EY007361, by an
Unrestricted Grant from RPB, and by the Veterans
Administration (VAWNYHS).]

COI/Financial disclosure: Nothing to disclose
O245
NUTRITIONAL ANTIOXIDANTS, A NATURAL
THERAPEUTIC APPROACH FOR AMD
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AMD afflicts 25 million people worldwide. These numbers
are expected to triple in 13 years. Unfortunately, for most
AMD victims there is no prophylactic treatment or therapy.
Additionally, any available treatments are invasive and
costly. Thus, there is keen need for non invasive approaches
to delay the onset or progress of AMD.
Intervention trial and observational studies indicate that
optimization of nutrient intake offers a means to diminish risk
and/or delay the onset or progress of AMD. At present it
appears that intake of omega 3 fatty acids, vitamins C and E,
zinc, the dietary glycemic index and lutein, can be optimized
to diminish risk for AMD. Vitamins C, E and Zinc are already
part of widely prescribed “AREDS supplements” that delivers
a daily dose of 500 mg Vit C, 400 IU Vit E and 80 mg Zn.
Recent summaries of the epidemiologic literature suggest
that elevating lutein status also offers some protection
against advanced forms of AMD and that decreasing one's
dietary glycemic index to be within the lower half of the
distribution of normal people is salutary for the retina as well
as being a way to diminish risk for CVD and type 2 diabetes.
This is easily achievable. Only within the last 40 years have
our diets become so carbohydrate rich. Further, prediction
models confirm that intake of these nutrients are major
modifiable environmental influences on retinal health. This
talk will summarize these data. The models predict that
adhering to healthier diets will allow hundreds of thousands
of people to avoid this blinding disease.
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DJ-1 ROLE IN OXIDATIVE STRESS IN MICE RETINAS
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Background and aims: DJ-1 is a protein expressed in
many tissues including the brain where it has been
extensively studied due to its association with Parkinson's
Disease (PD). DJ-1 was reported to function as an
antioxidant, redox-sensitive molecular chaperone and
transcription regulator, which protected cells from oxidative
stress by modifying signaling pathways that regulate cell
survival. DJ-1 peptides were detected in rat retinal pigment
epithelium (RPE) cell fractions subjected to proteomic
analysis. Here we analyzed the DJ-1 function in mice
retinas.
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OXYSTEROLS AND RETINAL DEGENERATION

Methods: We analyzed the effect of the absence of DJ-1
expression morphologically, and immunohistologically in the
retinas of 3, 6, and 12 month-old DJ-1 knockout (KO) and
control mice. Retinas were embedded in epon and
processed for electron microscopy analysis. Cryosections of
control and DJ-1 KO mouse retinas were processed for
immunofluorescence with the DJ-1, oxidative stress,
apoptosis, and mitochondrial specific antibodies followed by
analysis with confocal microscopy. We also focused on
retinal dopaminergic neurons, in view of the correlation
between DJ-1 mutations and PD. Control and DJ-1 KO
retinas were also biochemically analyzed for the same
oxidative stress, apoptosis, and mitochondrial markers.

S.J. Fliesler
Research Service-- Ophthalmology, VAWNYHS and SUNYUB, Buffalo, NY, USA
The Smith-Lemli-Opitz syndrome (SLOS) is one of several
devastating recessive diseases that involves defective
cholesterol (Chol) biosynthesis, and is characterized by
multiple dysmorphologies and profound nervous system
abnormalities, including mental retardation and visual
system defects. Treatment of rats with AY9944, an inhibitor
of the last step in Chol synthesis, elicits the key biochemical
hallmark of the disease: marked elevation of 7dehydrocholesterol (7DHC) and diminished Chol levels in all
bodily tissues. This model exhibits progressive retinal
dysfunction and degeneration over a 3-mo time course.
While the initial defect is disruption of Chol synthesis, our
studies have implicated additional sequelae in the retina,
including: lipid oxidation, covalent oxidative modifications of
proteins, marked reduction of docosahexaenoic acid (DHA)
levels, and dysregulation of gene expression. Feeding a
high-cholesterol
diet
partially
prevents
the
electrophysiological defects, and suppresses oxidative

Results: DJ-1 immunoreactivity was observed with cells in
the ganglion cell layer, cells in the inner nuclear layer,
photoreceptors and RPE in control mice. Morphologically,
DJ-1 KO retinas displayed early signs of retinal
degeneration. DJ-1 KO retinas also displayed increased
DNA oxidative lesions measured by 7,8- dihydro-8oxoguanine labeling, increased cell death, measured by
labeling with activated caspase 3 and decrease in the
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Uveal melanoma is the most frequently observed ocular
tumor among adults. Previous molecular cytogenetic studies
demonstrate chromosome copy number abnormalities are
prevalent in uveal melanoma. Results from these analyses
suggest that the most frequent abnormalities occur in
chromosomes 3, 6, and 8. Monosomy 3 is associated with a
poor prognosis. Comparative genomic hybridization (CGH) is
an old, cheap molecular cytogenetic FISH approach
developed for the detection of genomic imbalances with
cytogenetic resolution. CGH allows the genome-wide
assessment of relative DNA copy number changes using
extracted specimen DNA as a probe. Here we present cases
analyzed by CGH in order to demonstrate this old, cheap
analysis technique still applicable for the patients with uveal
melanoma.

labeling of dopapinergic neurons labeled by tyrosine
hydroxylase.
Conclusions: Our results suggest that DJ-1 KO mice
display early signs of retinal degeneration and increased
presence of oxidation in the retina.
Supported by NIH grant EY017153, a Research to Prevent
Blindness Unrestricted Grant and funds from the Cleveland
Clinic.
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STAGES IN THE DEVELOPMENT OF UVEAL
MELANOMA
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EPIDERMAL GROWTH FACTOR RECEPTOR (EGFR) IS A
TARGET FOR THERAPY OF UVEAL MELANOMA

Uveal Melanoma (UM) is fatal in 50% of patients, usually
because of liver metastases. Chemotherapy has limited
success and disseminated disease is fatal in most patients <
2 years of diagnosis. Clinical, histopathological and genetic
risk factors for UM metastasis are documented. UM is
characterised by frequent non-random gross chromosomal
changes, the strongest predictors for metastasis
development being monosomy 3 and gain of 8q. The
purposes of this review is to: a) describe genetic
abnormalities of UM, and relate these to hypotheses
regarding tumour development and dissemination; b)
summarise current methods used in UM prognostication.
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The lack of adjuvant therapy for uveal melanoma (UM) and
the weak impact of chemotherapy on survival of metastatic
UM make the search for new therapies demanding. With the
growing number of molecularly targeted drugs the suitability
for these drugs for UM must be investigated and markers of
response must be developed. Gene expression profiling of
primary UMs indicates heterogeneous expression of many
targets of existing drugs or drugs in advance stage of
development: EGFR , VEGF, C-MET, C-KIT, IGFR and
CXCR4. We are engaged in a program aimed at the
characterization of these targets in order to create the
biological underpinning for clinical trials.

While reliable genetic methodologies for predicting
metastatic disease from UM are being regularly employed,
reports have recently described gene mutations in UM that
may aid our understanding of their pathogenesis and
dissemination. The most promising of these involve guanine
nucleotide-binding protein G(q) subunit alpha (GNAQ) on
chromosome 9q21.2 and BRCA1-associated protein 1
(BAP1) on chromosome 3p21.1 in UM. Mutations of GNAQ
are detected in half of UM and result in activation of the
Mitogen-Activated Protein Kinase (MAPK) pathway. These
mutations are not associated with clinical or genetic features
of poor prognosis and are thought to be early, initiating
changes. Conversely, BAP1 mutations have been described
in 85% of metastasizing UM suggesting that this pathway
may represent a valuable therapeutic target if metastasis is a
late event in UM. Prognostication methods include
fluorescence in situ hybridisation (FISH), multiplex ligationdependent probe amplification (MLPA), array comparative
genomic hybridization (aCGH), array single nucleotide
polymorphism (aSNP) analysis and gene expression
profiling (GEP).

EGFR is overexpressed by a fifth of all UMs analyzed, at
least in part as the result of genomic amplifications
encompassing the EGFR locus on chromosome 7. We have
developed an EGF response signature by analyzing the
effects of the ligand on receptor expressing UM cell lines.
The response profile is clearly distinct from the EGF
response in breast cancer cells. EGFR expressing tumors
show activation of the EGF response profile indicating the
functional activity of the pathway. We analyzed EGFR
signaling in EGFR expressing cell lines where, upon
exposure to the ligand, phosphorylation of EGFR and its
downstream mediator AKT is induced. The EGFR specific
kinase inhibitor Gefitinib inhibits EGFR signaling in cell lines.
Gefitinib
is
successfully
used
for
the
therapy
adenocarcinoma of the lung where its activity depends on
the presence of mutations in the ATP-binding domain. We
have sequenced app. 30 UMs and 7 cell lines and did not
find any mutation in this domain of the receptor. Hence,
Gefintib is unlikely to be active in UM.

UM research is benefiting from molecular technologies but is
still searching for therapeutic “magic bullets” for metastases.
The detection of gene mutations at differing stages of tumor
development, offers a deeper insight into the biology of UM
development and progression that may ultimately yield
useful druggable targets.

The humanized monoclonal anti-EGFR antibody, Cetuximab,
approved for therapy of colorectal cancer also modulates
EGFR signaling in UM cell lines. Cetuximab has been
proposed to act at least in part by exposing the tumor cell to
the immune system, a process termed antibody dependent
cellular cytotoxicity (ADCC). In the presence of natural killer
cells from healthy donors, Cetuximab induces ADCC in UM
cell lines that express EFGR. Cetuximab could therefore be
active in UM.
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USING MATERIAL FROM ENDORESECTIONS
A. Riechardt, G. Willerding, S. Türkmen, A. Joussen

Given the fact that UM is a rare cancer and that targeted

Charité University Medicine Berlin, Berlin, Germany
84

therapies must be delivered only to patients whose tumors
express the target, trials must be multicentric and should
compare molecular targeted therapy using the appropriate
drug for the different targets encountered combined with
standard chemotherapy to chemotherapy alone.

survival. Apparently, M2 macrophages have a tumorpromoting role. Studying macular degeneration in a mouse
model, demonstrated that the presence of M2 macrophages
is associated with more choroidal neovascularization.
Recently, these data are extrapolated to patients with agerelated macula degeneration, in which also higher infiltration
of M2 macrophages are seen. Since uveal melanoma and
macular degeneration occur in the elderly, the link between
macrophage and age can be probably found in the M2 type
macrophages.
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NEW CANDIDATE BIOMARKERS OF UVEAL
MELANOMA PROGRESSION: ROLE OF MDA9/SYNTENIN
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ANALYSIS OF TUMOR ASSOCIATED MACROPHAGES
AND PPAR-GAMMA EXPRESSION IN UVEAL
MELANOMAS WITH CLASS 1 AND CLASS 2
MOLECULAR PROFILES
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Identification of uveal melanoma patients at high risk of
progression may provide indication for early detection of
metastases and treatment. Clinical features as well as
genetic and cytogenetics factors of the primary tumor have
been associated with an increased risk of metastasis in
uveal melanoma. In addition, several soluble molecules,
such as proteins, miRNA or DNA released by uveal
melanoma are studied as candidate serum biomarkers for
early detection of metastatic progression. Most of the protein
biomarkers tested in uveal melanoma, such as s100b, MIA,
LDH, OPN, were derived from studies in cutaneous
melanoma, but their assessments have not demonstrated
the accuracy and sensitivity required for early detection of
metastases. Recent advances in functional genomics and
proteomics led to the identification of many candidate
biomarkers. As an example, the analysis of the gene
expression profile of primary uveal melanoma indicated that
high expression of SDCBP (encoding for syndecan-binding
protein-1 or mda-9/syntenin), and hepatocyte growth factor
(HGF)-receptor c-MET genes was significantly higher in
patients with recurrence. Immunohistochemistry showed that
high expression of mda-9/syntenin protein and of c-MET in
primary tumors was significantly related to metastatic
recurrence, and was also found in liver metastases. Gain-of
function and silencing of SDCBP in uveal melanoma cells
showed a functional involvement of mda-9/syntenin in the
HGF-triggered invasion and in the activation of FAK, AKT
and Src, suggesting a functional link between these
molecules. The presence of Mda-9/syntenin in the
secretome of uveal melanoma cell lines and in urines of
patients, further suggests a potential role as biomarker.
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Purpose: To investigate tumor infiltrating macrophages and
the expression of the peroxisome proliferator-activated
receptor gamma (PPAR-gamma) that is involved in the
polarization of macrophages in uveal melanomas using
immunohistochemistry.
Methods: Patients with uveal melanomas (n=20) were
identified and analyzed for clinical and histologic tumor
characteristics. These parameters were correlated with the
molecular profile (class 1 or class 2) that were analyzed by
Castle Biosciences Inc, Friendswood, TX, USA.
Immunohistochemical stains were performed for CD68
(clone KP1; Novus Biologicals, Littleton, CO; dilution 1: 500),
CD163 (clone K20-T; Enzo Life Sciences, Plymouth
Meeting, PA; dilution 1:50), and PPAR-gamma (Ab 19481;
Abcam, Cambridge, MA; dilution 1:100). Statistical analysis
was conducted using multivariate analysis of variance and
the Pearson test with regard to histologic characteristics,
molecular profile, and the type of tumor infiltrating
macrophages (M1 versus M2).
Results: In general, molecular class 1 tumors contained
more M1 macrophages whereas class 2 tumors contained
more M2 macrophages. There was a statistically significant
correlation between the ratio of M2/M1 macrophages and
the molecular profile, with a ratio of approximately 1
corresponding to molecular class 1 and a ratio of
approximately 2 corresponding to molecular class 2
(p=0.009). Infiltration of macrophages was also significantly
associated with the largest basal tumor diameter, the
number of mitotic figures, extraocular extension, and the
grade of pigmentation. PPAR-gamma was expressed in 19
of 20 tumors. There was no difference in PPAR-gamma
expression between class 1 and class 2 uveal melanomas.

COI/Financial disclosure: Nothing to disclose
O252
THE ROLE OF M2 MACROPHAGES IN UVEAL
MELANOMA AND THE SIGNIFICANCE IN OTHER
OCULAR DISEASES
L.V. Ly, I.H. Bronkhorst, T. van Hall, M.J. Jager

Conclusions: This study showed that the ratio of M2/M1
macrophages was significantly associated with the molecular
profile of uveal melanoma. This observation supports the
concept that proangiogenic M2 macrophages are associated
with a worse outcome and M1 macrophages are associated
with a better prognosis in this tumor. Uveal melanomas
express - similar to skin melanomas - PPAR-gamma.

Leiden University Medical Center, Leiden, The Netherlands
Macrophages are associated with a poor survival in uveal
melanoma (Kivela 2001). Age also appears to have a less
favorable prognosis for survival. The exact causal
relationship between age and this immune cell has not been
elucidated. We demonstrated with a murine tumor model,
that macrophages, especially of the M2 subtype, play an
essential role in ocular tumor growth in old mice.
Furthermore, we observed that in human uveal melanoma,
the presence of many macrophages, which are
predominantly of the M2 subtype, is associated with a worse

COI/Financial disclosure: Research Fellowship from the
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All forms of glaucoma have in common optic nerve
degeneration characterized by typical visual field defects and
are usually associated with elevated intraocular pressure
(IOP), also known as ocular hypertension (OH). In most
instances, ocular hypertension results from impaired
drainage of aqueous humor through the trabecular
meshwork (TM) of the eye's outflow pathways. While
effective medications exist for treatment of OH, some
patients remain refractory to these drugs and eventually may
become blind. Glucocorticoids (GCs) are a class of steroid
hormones, released in response to stress. GCs are part of
the natural feedback mechanism that turns down the
inflammatory response and for this reason they are used
therapeutically in a wide variety of diseases. However, GCs
can have significant side effects in genetically susceptible
individuals and specifically, administration of GCs in the eye
causes OH in a subset of patients. Histological and
molecular studies suggest that steroid-induced OH and the
more common form of OH that leads to primary open angle
glaucoma (POAG) are mechanistically similar. Using an
agnostic genomic screening approach, we identified a
number of genes that associate with GC-induced OH.
Comparison with gene sets from five published gene
expression array screens to identify GC-treated TM cells
revealed a 33% overlap. Expression analysis performed in
silico revealed canonical elements for response to GCs in
many of these genes. A substantial number belong to
pathways already being targeted by glaucoma medications
in use or under development. Choosing the most significant
and interesting new candidates, we investigated function by
examining expression in TM cells, regulation by GCs, and
regulation by two cytokines linked to OH in POAG: TGF-beta
and IL-1. Our results suggest new hypotheses about control
of IOP, and may provide specific leads for novel drug
targets.
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Retinoblastoma (Rb) is the most common intraocular tumor
in children. Chemotherapy and focal treatments have
improved the outcome for unilateral and bilateral disease in
children with either early, or late stage tumors. However,
repeated chemotherapy treatments can increase the risk of
developing drug-resistant tumors that may lead to
recurrence and metastases that are often fatal. ATP-binding
cassette (ABC) transporters act as efflux pumps for a variety
of substrates, and we observed that ABCB5, a member of
the ABC-B subfamily, is expressed by a subset of Rb tumor
cells. Importantly, a number of chemotherapeutic agents
(including doxorubicin, topotecan, etoposide, and melphalan)
are substrates for ABCB5 and Rb ABCB5+ cells are capable
of excluding these drugs. In addition to its function as an
efflux pump, ABCB5 is also expressed selectively on cancer
stem cells in skin melanoma. The cancer stem cell theory
states that the tumorigenic potential is enhanced in a small
subset of tumor cells by virtue of their unlimited selfrenewing capability. By contrast, the majority of tumor cells
possess only limited self-renewing capacity and would
regress spontaneously in the absence of cancer stem cells.
Therefore, treatments that successfully prevent future
disease recurrence depend upon eliminating all cancer stem
cells. Our experiments revealed that Rb cell lines possessed
a subpopulation of ABCB5+ cells with a frequency ranging
from 3-12%. Moreover, the ABCB5 pump was functional, as
shown by incubating Rb cells with Calcein AM (a known
ABCB5 pump substrate), where ABCB5 positive, but not
negative, Rb cells excluded Calcein AM. Importantly, the
pump was blocked by the addition of an ABCB5 specific
monoclonal antibody. In order to measure the tumorigenicity
of the ABCB5 positive subpopulation of Rb tumor cells, Rb
cells (originally 3% ABCB5+ cells) were separated by cell
sorting into (i) ABCB5+ cells (90% pure), and (ii) ABCB5cells (100% pure). The tumorigenicity of these different
subpopulations was tested in vivo by injection into the
-/vitreous of immunodeficient NOD-scid IL2rg mice and
tumor growth was measured by OCT. Contrary to the cancer
stem cell hypothesis, progressive tumors developed from
either ABCB5 positive or negative Rb cells, with ABCB5
positive Rb tumors displaying significantly slower growth.
Our data indicate ABCB5+ Rb cells are not cancer stem
cells, but posses the ability to develop drug-resistance which
may be exacerbated by the slower proliferation of these
cells. Antibody-targeted inhibition of the ABCB5 pump may
prevent drug resistance and decrease disease recurrence.
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CHOLESTEROL METABOLISM VIA CYP46A1 IN
GLAUCOMA
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Background and aims: Free cholesterol is the predominant
form of cholesterol in the neurosensory retina. Defects in
cholesterol synthesis and trafficking in the neural retina has
detrimental consequences on the structure and function of
the retina, highlighting the crucial importance of maintaining
cholesterol homeostasis in the retina. Similar to the brain,
the neurosensory retina expresses a microsomal
cytochrome
P450
enzyme
called
cholesterol-24Shydroxylase (CYP46A1). The main function of CYP46A1, at
least in brain neurons, is to facilitate the removal of
cholesterol by converting cholesterol into a more polar
metabolite called 24S-hydroxycholesterol. We and others
have found that CYP46A1 is expressed almost exclusively in
retinal ganglion cells, suggesting the crucial role of
CYP46A1 in the control of cholesterol homeostasis therein.
One single nucleotide polymorphism (SNP) in CYP46A1
gene has been associated with Alzheimer´s disease. The
circulating 24S-hydroxycholesterol level has been, to some
extent, suggested to be a potential marker of
neurodegeneration. Our aim was to evaluate whether the
SNP in CYP46A1 gene would be a risk factor, and 24Shydroxycholesterol a marker for glaucoma. To better
delineate the role of CYP46A1 in RGC and glaucoma,

NOVEL INSIGHTS INTO OCULAR HYPERTENSION
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patients with Age-related Macular Degeneration (AMD) were
evaluated in parallel.

seldom utilized B10 genetic background, raising a question
as to whether this unusual background might also influence
the glaucomatous phenotypes of nee mice.

Methods: 150 Primary Open Angle Glaucoma (POAG)
patients, 1388 AMD patients and 487 control subjects were
included. SNP were genotyped in the CYP46A1 (rs754203)
gene in controls, POAG and AMD patients, LOC387715
(rs10490924) and CFH (rs1061170) genes in controls and
AMD patients. Plasma 24S-hydroxycholesterol was
quantified in sub-populations of controls and patients.

Methods: In order to study background sensitivity of nee
phenotypes, we have performed two experiments. First, we
have generated N10 congenic strains in which the nee
mutation was transferred to the widely utilized C57BL/6J
genetic background. Second, we have initiated intercrosses
between nee mice and wild-derived strains of inbred mice. In
both experiments, anterior segment dysgenesis phenotypes
were compared through combined use of slit-lamp exams,
imaging with optical coherence tomography, and histology.

Results: The rs754203 SNP in the CYP46A1 gene was
associated with POAG (OR= 1.3; 95% CI=1.0-1.6, p< 0.05)
but not with AMD (OR=1.2, 95% CI=0.9-1.4, p=0.2). Plasma
24S-hydroxycholesterol levels did not differ between control
subjects, POAG and AMD patients.

Results: On the C57BL/6J genetic background, nee
homozygotes were indistinguishable from those on the B10
genetic background, both containing iridocorneal adhesions
from the earliest ages examined and developing enlarged
anterior chambers with cloudy corneas by 3 months of age.
No phenotypic abnormalities were detectable in comparisons
of nee heterozygotes and wild-type controls. Among F2
progeny of an intercross with CAST/EiJ mice, there is a
substantial amount of phenotypic variability, with many mice
showing no indications of anterior segment dysgenesis.

Conclusions: Our data showing an association between
SNP in CYP46A1 gene in POAG patients but not AMD
patients reinforce the importance of CYP46A1 in the control
of holesterol homeostasis in RGC.
COI/Financial disclosure: Financial support:
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Discussion: These findings have two implications relevant
to glaucoma. On the C57BL/6J genetic background, nee
homozygotes recapitulate phenotypes of the B10 strain and
will be a useful resource for studies of early-onset glaucoma.
On a mixed F2 background, developmental phenotypes can
be suppressed. Our ongoing studies are mapping the
modifiers responsible for this influence and using the mice to
study contributions of Sh3pxd2b to the adult eye.
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PLASMALOGENS, PUFAS AND GLAUCOMA
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Neuronal tissues such as the retina contain high amounts of
plasmalogens. One of their particularities is to concentrate
polyunsaturated fatty acids (PUFA) before releasing them
specifically. Several data from our laboratory suggest that
plasmalogens might be involved in the pathophysiology of
primary open angle glaucoma (POAG), the second leading
cause of blindness worldwide. The different experiments
were carried out on human patients with POAG as well as on
rodent models of glaucoma. They concerned either the
identification of specific alterations of plasmalogen
metabolism, or the efficacy of PUFAs to prevent retinal
damage. The results have shown a loss of several
circulating plasmalogens in human POAG patients. This was
stage-dependent and may have started years prior to first
clinical diagnosis. In animals, several combinations of
PUFAs were efficient in preventing retinal glaucomatous
damage. The biophysical and biochemical properties of
plasmalogens are very consistent with a protective role in
the pathogenesis of POAG.

O259
SCHWANN CELL REPAIR IN OPTIC NERVE
TRANSECTION
1

3

Unlike the peripheral nerve (PN), the mature optic nerve has
limited capacity for repair after injury, causing irreversible
vision loss due to degeneration and loss of retinal ganglion
cells (RGCs) and their axons. Schwann cells (SCs) are the
major cell type of the PN and play a key role in PN
regeneration following injury. Transplantation of PN or SCs
onto injury sites after optic nerve transection has been
shown to be neuroprotective and to promote optic nerve
regeneration. RGC survival and axonal regrowth can be
further enhanced by transduction of SCs with neurotrophic
factors, such as the ciliary neurotrophic factor (CNTF) and
brain-derived neurotrophic factor (BDNF). In contrast to
other cell types for transplantation, such as Olfactory
ensheathing cells, SCs not only promote axon regrowth but
also enable myelinating regenerated axons, thus facilitating
signal conduction.

GENETIC STUDIES WITH NEE MICE LINKING
PODOSOMES TO GLAUCOMA PATHOGENESIS
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SCs can be transplanted onto injured optic never by either
PN sheaths reconstituted with adult SCs or tissueengineered SC graft. We have recently attempted to
transplant SCs with Matrigel which is supportive of SCs in a
partial ON transection model of rat. The other delivery route
of SCs includes delivery by intravitreal injection, which
mainly promote the survival of axotomized RGCs. Current
assessments
of
SCs
treatment
mainly
include
measurements of GAP-43 labelled regenerating axons and

Introduction: The nee strain of mice carries a
spontaneously occurring mutation in the Sh3pxd2b gene and
develops an early-onset form of glaucoma involving anterior
segment dysgenesis, elevated intraocular pressure, and
optic nerve damage. The primary known localization of
SH3PXD2B is within podosomes, specialized plasma
membrane protrusions involved in extracellular matrix
modulation. Unfortunately, the nee mutation arose on a
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RGC survival. Using DARC (Detection of Apoptosing Retinal
Cells) imaging, we have shown that SCs transplantation also
significantly reduces RGC apoptosis in vivo following partial
ON transection, which may be attributed to the prevention of
secondary degeneration.

O261
FUNCTION OF RHODOPSIN KINASE AND RECOVERIN
IN MOUSE ROD PHOTORECEPTOR TRANSDUCTION
1,2

1

MOLECULAR OXYGEN AS A NOVEL BIOMARKER IN
GLAUCOMA DEVELOPMENT
2

4

2

Purpose: It is generally assumed that rhodopsin kinase (RK)
regulates the gain of transduction by phosphorylating Rh*.
The sensitivity of transduction should then be proportional to
RK expression, which is normally 1% that of rhodopsin. This
is because more rapid phosphorylation should decrease Rh*
lifetime and reduce the production of TalphaGTP. We tested
this notion by varying RK expression over a range of 70 fold.
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Schwann cell transplantation has shown some promise in
promoting axon regeneration and RGC survival after optic
nerve transection. Use of genetically modified and
reconstituted PN grafts with SCs to bridge optic nerve
defects may provide new therapeutic strategies for the
treatment of optic nerve injury. In this talk, we will focus on
the recent development of this field.

Methods: RK was over (ox) and under (ux) expressed in
stable transgenic mouse lines as previously described;
electrical responses of single rods were recorded
conventionally.
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Results: The following animals were used: SIL+ (RK ox by
10X), wild-type (WT), RK+/- (RK ux by 2X), and Bark/RK7
(RK ux by 7X). Our experiments show the following.

Introduction: Previous studies hypothesized that oxidative
stress plays a role in glaucoma development postvitrectomy. The present study determined associations
between the oxygen environment near trabecular meshwork
and known risk factors for open angle glaucoma.

(1) Varying RK expression has little effect on sensitivity.
Single-photon response peak amplitudes of rods from all
four animals were only modestly altered.
(2) But the decay time constants tauREC & tauD decreased
from 185±15 ms & 173±10 ms in WT to 126±14 ms &
131±10 ms in SIL+ and 87±15 ms & 117±8 ms in recoverin
knockout rods (Rv-/-).

Methods:
In
consenting
patients
undergoing
cataract/glaucoma surgery, an oxygen sensor was used to
measure pO2 in the center of anterior chamber, in the AC
angle and near the cornea. In pseudophakes and eyes
undergoing lens extraction, the probe was also positioned in
the posterior chamber and lens surface. Other patient data
such as corneal thickness, diabetes, blood saturation etc
were recorded.

(3) PDE* decay remained rate-limiting in SIL+ rods: in SIL+
with GAP 6-fold ox (R9AP95), tauREC & tauD were further
decreased both to ~50 ms and were indistinguishable from
R9AP95 alone.

Results: A total of 112 eyes were evaluated. 72 eyes with
no history of cataract or vitrectomy surgery comprised a
reference group, 14 had previous vitrectomy, 17 had
previous cataract surgery, 9 had previous vitrectomy and
cataract surgery. The reference group had steep oxygen
gradients in the anterior chamber between the cornea and
lens. pO2 was low in the posterior chamber and near the
lens. Previous vitrectomy was associated with significantly
increased pO2 in the posterior chamber. Eyes with previous
cataract surgery had significantly elevated pO2 in the
posterior chamber and front of the IOL. In eyes with previous
vitrectomy and cataract surgery, pO2 increased greatly in the
posterior chamber, anterior IOL and the angle. In the
reference group, pO2 was significantly higher in African
American than Caucasian patients at all locations. Adjusting
for age increased the significance of this association.

(4) A simple model for Rh* deactivation in which RK
competes with G-protein for Rh* so that phosphorylation rate
is proportional to RK expression could not fit our results.
(5) They could be fit if
(a) Rh* must change conformation before phosphorylation,
and this change is slow by comparison to the rate of RK
binding;
(b) once the change in conformation has occurred, RK binds
and phosphorylates at a rate proportional to RK expression
level; and
(c) RK also increases the rate of decay of light-activated
PDE*.

Conclusions: Steep oxygen gradients are present in the
anterior segment. Oxygen levels were influenced by race
and previous ocular surgery (suggesting disruption of normal
physiologic defenses).These data are consistent with the
hypothesis that increased glaucoma risk after vitrectomy is
associated with increased exposure of angle structures to
oxygen. The elevated pO2 in African-Americans provides
further evidence for a role of oxygen in glaucoma
development.

Conclusions: We hypothesize that changes in RK
expression minimally alter sensitivity because a slow
conformational change of Rh* diminishes the dependence of
Rh* decay on the rate of phosphorylation; time constants of
response decay are accelerated when RK is over-expressed
because RK (perhaps through recoverin) modulates lightactivated PDE* turnoff. Modulation of PDE may be
recoverin's primary role in mammalian rods.
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overexpressing RGS9 anchoring protein (R9AP) in cones of
the so-calle MCV10 mice, we have found that the
concentration of transducin GTPase accelerating protein
complex (GAP) consisting of RGS9-1 and Gbeta5-L in cones
can be greatly elevated. Using suction pipettes to record
light responses from cones in acute retinal slices, we have
further determined that the rate of cone phototransduction
recovery can be accelerated, with a reduction of the
dominant recovery time constant from ~75 msec in WT mice
to ~30 msec in MCV10 mice. In a control experiment where
human GRK7 (hGRK7) is transgenically expressed in cones
of the so-called MCV8 mice, we have detected no obvious
effect on the rate of cone phototransduction recovery. In
transgenic mice overexpressing both R9AP and hGRK7 in
the so-called MCV810 mice, we have found no evidence of a
faster cone recovery than that of MCV10 mice. These data
suggest that the recovery of cone phototransduction is ratelimited, akin to rod, by transducin deactivation and not by the
deactivation of visual pigments.

O262
VISUAL ARRESTIN INTERACTIONS WITH CLATHRIN
ADAPTOR AP2 REGULATES PHOTORECEPTOR
SURVIVAL
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Arrestins bind ligand-activated, phosphorylated G proteincoupled receptors (GPCRs) and terminate activation of G
proteins. Additionally, non-visual arrestin/GPCR complex
can initiate G protein-independent intracellular signals
through their ability to act as adaptors or scaffolds that bring
the internalized GPCR to modulate other signaling
molecules. Like non-visual arrestins, vertebrate visual
arrestin (ARR1) terminates G-protein signaling from lightactivated, phosphorylated GPCR, rhodopsin. Unlike the
other arrestins, however, its role as a transducer of signaling
from internalized rhodopsin has not been observed in the
retina. Formation of signaling complexes with arrestins often
requires recruitment of the endocytic adaptor protein, AP-2.
We have previously shown that K296E, which is a naturally
occurring rhodopsin mutation in certain humans diagnosed
with autosomal dominant retinitis pigmentosa, causes
toxicity through forming a stable complex with ARR1. Here
we investigated whether recruitment of AP-2 by the
K296E/ARR1 complex is required to generate the cell death
signal in a transgenic mouse model of retinal degeneration.
We measured the binding affinity of ARR1 for AP-2 and
found that, although the affinity is much lower than that of
the other arrestins, the unusually high concentration of
ARR1 in rods would favor this interaction. We further
demonstrate that p44, a splice variant of ARR1 which lacks
the AP-2 binding motif, rescues retinal degeneration as well
as visual function in K296E mice. These results reveal a
novel role of ARR1 in a G protein-independent signaling
cascade leading to cell death.
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TRANSDUCIN DEACTIVATION RATE-LIMITS CONE
PHOTOTRANSDUCTION RECOVERY
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GCAP1 and GCAP2 are fatty acylated Ca /Mg sensor
proteins that activate retinal membrane guanylyl cyclase
(RetGC) in a calcium-sensitive manner and accelerate
photoresponse recovery. The fatty acyl moiety in GCAP1
2+
adjusts Ca sensitivity of GCAP1 via a recently proposed
“calcium-myristoyl tug” mechanism. Retinal disease-related
2+
mutations make GCAP1 into a Ca -insensitive activator of
2+
RetGC and, by increasing intracellular cGMP and Ca
concentrations, cause photoreceptor degeneration. Purified
recombinant GCAP1 and GCAP2 can efficiently activate two
isozymes of RetGC (RetGC1 and RetGC2) in vitro.
However, by studying different combinations of GCAP and
RetGC gene knockouts we find the evidence that in vivo
GCAP1 selectively regulates RetGC1. Rod ERG recovers
-/-/after a strong flash in both RetGC1 and RetGC2 mice just
a little slower than in wild type. In contrast, when GCAP2 is
2+
feedback, rod recovery
not available to mediate Ca
-/-/becomes very sluggish in RetGC1 (but not RetGC2 ) mice.
Furthermore, elimination of RetGC1 but not RetGC2
isozyme reverses the abnormal calcium sensitivity of cGMP
synthesis in the retinas expressing constitutively active
GCAP1 (Y99C or E155G) that causes photoreceptor
degeneration in humans and in transgenic mice. In the
absence of RetGC1, the mutant transgene in both Y99C and
E155G mouse rods is actively expressed, but the
endogenous constitutively active GCAP1 fails to change the
2+
normal Ca sensitivity of the remaining RetGC2 isozyme. As
a result, majority of the rods survive and remain functional,
-/albeit with reduced scotopic ERG typical for the RetGC1
genotype. The intrinsic biochemical properties of RetGC and
GCAP variants cannot explain the observed phenomena.
Instead, our results indicate that there is a cellular
mechanism that restricts GCAP1 interaction with RetGC2
isozyme and therefore makes RetGC1 a preferential target
for the disease-causing GCAP1 mutants. Evidently, nondiscriminatory interactions between homologous effector
enzymes and their regulatory proteins can be selectively
restricted in a living photoreceptor, even if such interactions
are allowed by their intirnsic biochemical properties.
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Phototransduction recovery requires speedy turn-off of
activated intermediates such as visual pigment, transducin,
and cGMP-phosphodiesterase and simultaneous restoration
of intracellular cGMP in photoreceptor outer segments. The
slowest of these reactions sets the overall rate of recovery.
In conditions where recovery of phototransduction is
perturbed, such as in Oguchi disease and bradyopsia
patients, a new and slower rate-limiting step becomes the
determining factor affecting temporal aspect of vision. During
normal rod recovery, transducin must hydrolyze bound GTP
to GDP to shut itself off. GTP hydrolysis by transducin has
been unequivocally determined to be the rate-limiting step in
rod recovery, but the identity of such a rate-determining step
in cone recovery remains unclear. By transgenically
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mice leads to a fragmentation of the elastic layer of Bruch's
membrane through fibulin 5 cleavage. In humans we have
also found a similar pattern of the elastic layer. This data
highlights the importance of extracellular matrix related
proteins in the development of AMD and indicates a possible
pathomechanism for AMD.

MODULATION OF THE CATALYTIC ACTIVITY OF
VISUAL PIGMENTS WITH SMALL MOLECULES
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O267
THE ROLE OF MACROPHAGES IN AGE-RELATED
RETINAL DEGENERATIONS AND THEIR CONTROL BY
CCL2 AND CX3CR1 SIGNALLING

Visual pigments are G protein coupled receptors (GPCRs) in
which an inverse agonist, 11-cis retinal, is covalently bound
to the receptor protein, opsin. Light isomerizes retinal to the
all trans conformation, converting it into an agonist. The
covalent bond is broken and all trans retinal is released.
Although the presence of exogenous all trans retinal will
enhance the catalytic activity of opsin, it does not compete
with 11-cis retinal for opsin binding. Two other retinoids bionone and vitamin A, activate some visual pigments as well
as the apo-opsins. The implication is that opsins have at
least two distinct binding sites for retinoids. The presence of
multiple ligand binding sites may not be too surprising given
that allosteric regulation of other GPCRs is known to occur.
Are there other, nonretinoid ligands that bind opsin and/or
visual pigment and affect catalytic activity? To find out, a
homogeneous time resolved fluorescence assay was
developed for bovine rod opsin and used to screen 3500
compounds for agonists and inverse agonists. Three
putative agonists raised activity by greater than twofold.
Three putative inverse agonists reduced activity by more
than fourfold. These compounds are being tested further in
electrical recordings of single rods and cones of salamander.
Partially bleached rods lost circulating current and flash
responses were smaller and faster as a result of the
continuous activity of apo-opsin. Application of one putative
inverse agonist to partially bleached green-sensitive rods
increased sensitivity to flashes, consistent with a
suppression of opsin´s activity. The compound also
decreased circulating current in dark adapted and partially
bleached cells, possibly due to an inhibitory effect on the
light regulated channel. Both effects of the compound were
reversible upon washing the rod with Ringer´s solution. In
other experiments, one of the putative agonists reduced
circulating current, decreased sensitivity to flashes and
accelerated flash response kinetics in dark adapted redsensitive cones - all signs that background cascade activity
had been enhanced. Attempts to reverse the effects by
washing the compound away were unsuccessful. However,
in one cell there was some recovery upon treatment with 9cis retinal, suggesting that the compound had bleached
visual pigment. Compounds that regulate the activity of
visual pigment or opsin may be useful in the treatment of
certain types of retinal diseases marked by abnormal
cascade activity.
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1

Results: Chemokine mice show an accelerated age-related
accumulation of bloated macrophages in the subretinal
space which are associated with different degrees of agerelated degeneration of the retina Subretinal macrophages
lead to a drusen-like appearance of fundus images of these
mice, but do not reflect sub-RPE-drusen (Luhmann et al.
IOVS 2009 Dec;50(12):5934-43). We present our evidence
that the described early onset inferior retinal degeneration in
CCDKO mice is primarily due to the naturally occurring
RD8/RD8
mutation and show that RPE and vascular
Crb1
lesions are secondary and not due to choroidal
neovascularisation.
Conclusions This suggests that Ccl2 single and
Ccl2/Cx3cr1 double knockout mice are not models for AMD,
but models with impaired macrophage trafficking and
function. Our findings suggest that dysfunctional chemokine
signalling and genetic background differentially modulate the
manifestation of the inherited retinal degeneration caused by
the RD8 mutation.

HTRA1 IN AGE-RELATED MACULAR DEGENERATION

1

2

Methods: The age-related retinal phenotype of several
chemokine lines, including single Ccl2, Cx3cr1 knockout
mice as well as different CCDKO (Ccl2/Cx3cr1) double
knockout mouse lines was assessed. We used
autofluorescence
AF-SLO,
OCT
and
fluorescein
angiography
in
vivo
imaging
as
well
as
immunohistochemistry, morphometric semithin histology and
3D serial block-face scanning electron microscopy.
Furthermore, we raised animals in the dark for 2 months and
applied the laser-induced choroidal neovascularisation
model.
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Background and aims: Mononuclear phagocytes are
myeloid-derived effector cells of the innate immune system
and comprise peripheral blood monocytes, dendritic cells,
tissue macrophages including microglia of the brain and the
retina. Mononuclear phagocytes have been previously
implicated in the pathology of AMD, but it remains unclear,
whether recruitment of mononuclear cells from the periphery
to the choroid and retina as well as local microglia activation
are secondary or primary events in AMD pathogenesis. In
this talk, I will review the evidence for an involvement of
myeloid cells in the pathology of AMD and will discussed
recent progresses in our understanding of the role of Ccl2Ccr2 and Cx3cl1-Cx3cr1 for degenerative process during
ageing and in retinal disease.
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A polymorphism in the promoter region of Htra1 has been
associated with an increased risk for age-related macular
degeneration (AMD). Transgenic overexpression of Htra1 in
90

to evaluate the effect of the endogenous AhR signaling
pathway
on
retinal
morphology
and
choroidal
neovascularization (CNV).
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Methods: To evaluate retinal morphology AhR knockout and
C57BL6/J mice were aged to 10-12 months (n=12/cohort),
left eyes were enucleated, fixed and sections were examined
by light and electron microscopy. Right eyes were collected
to determine expression of ECM related molecules. To
evaluate the impact of AhR on neovascularization, an 810
diode laser was used to induce CNV in AhR knockout and
C57BL6/J mice (75 uM spot size, 150 mW power and 0.1
sec duration). Four spots per eye were lasered. Two weeks
post-laser injury, the left eyes were either cryoprotected,
sectioned and stained with markers for macrophages and
endothelin receptors (n=6) or collected for determination of
endothelin-1 and -2, VEGF, PEDF expression. The right
eyes were prepared as flat mounts, stained with propidium
iodide and the size of the CNV lesion was measured.

RECRUITMENT OF COMPLEMENT FACTOR H TO
MODIFIED SURFACES - AND ITS ROLE IN AMD
DEVELOPMENT
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Age related macular degeneration (AMD) is a common form
of blindness in western societies. Genetic analyses provided
a strong link between AMD and complement components, in
particular the regulator Factor H, where a tyrosine (Y) to
histidine (H) exchange in domain 7 increases the AMD risk
dramatically.

Results: AhR knockout mice developed continuous subRPE deposits with long spacing collagen fibers and
thickening of Bruch's membrane along with increased TGFbeta expression. Regions of significant RPE atrophy and
choroidal thinning near the anterior part of the eye were
observed. CNV lesions in AhR knockout mice were
significantly larger and more fibrotic than those found in agematched wild type controls. An approximately 45% increase
in macrophages and 5 fold increase in endothelin-2
expression was seen in retinal samples from AhR knockout
mice compared to age-matched control samples.

Factor H, as a central complement regulator, blocks the
complement cascade progression at the level of the C3
convertase preferentially on damaged surfaces. One
possible
scenario
for
AMD
development
is
apoptosis/necrosis of retinal pigment epithelial cells (RPE)
due to oxidative stress. Such damaged RPE cells activate
the complement cascade, change their membrane
composition and thereby expose a variety of Factor H
ligands, to allow a restricted complement activation for
opsonization with C3b/iC3b but to block further activationand inflammatory processes. A wide range of Factor H
ligands are formed on the surface of damaged cells such as
monomeric CRP (mCRP) and the lipid peroxidation product
malondialdehyde (MDA). Both moieties bind Factor H via the
AMD-relevant domain 7. Factor H, carrying the protective
Y402 variant, binds with almost 50 % higher intensity to both
mCRP and MDA, as compared to the H402 risk variant. This
enhanced surface binding of the protective Factor H variant
via mCRP and MDA, results in a more efficient Factor Hmediated complement control and in a local antiinflammatory scenario. The anti-inflammatory environment is
caused by a reduced release of the pro-inflammatory
cytokines TNF-α and IL-8. As the AMD-relevant risk variant
of Factor H binds with lower intensity to both surface
modification products, complement is insufficiently
controlled, the damaged cells or particles are less efficiently
opsonized and inflammatory processes are increased. This
pathological principle is relevant for the sight-threatening
disease AMD but also for other chronic inflammatory
diseases and offers novel approaches for therapy.

Conclusions: The presence of sub-RPE deposits in AhR
knockout mice may be driven in part by TGF-beta which is
involved in matrix deposition and turnover, while high levels
of endothelin-2, a vasoactive peptide recently identified as a
macrophage chemoattractant, may be contributing to the
increase in severity of CNV lesions. These findings point to a
role for the endogenous AhR signaling pathway in the
pathogenesis of AMD.
COI/Financial disclosure: Nothing to disclose
O270
RETINAL-CHOROIDAL ANASTOMOSIS IN THE AREA OF
CHOLESTEROL DEPOSITION IN CYP27A1-DEFICIENT
MICE: THE LINK BETWEEN RETINAL CHOLESTEROL
AND NEOVASCULARIZATION
1
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Background and aims: To use CYP27A1-deficient mice to
gain insight into how dysregulated cholesterol homeostasis
may affect the retina. CYP27A1 is a ubiquitously expressed
mitochondrial enzyme involved in the metabolism of
cholesterol and cholesterol-related compounds and is the
major cholesterol hydroxylase in the retina and retinal
pigment epithelium. In humans, deficiency of CYP27A1
leads to cerebrotendinous xathomatosis, a multisystem
disease also affecting the retina.

INVESTIGATING THE CONTRIBUTION OF
ENDOGENOUS ARYL HYDROCARBON RECEPTOR
SIGNALING TO DEVELOPMENT OF AMD
G. Malek, P. Hu, A. Bednar, P. Saloupis
Ophthalmology, Duke University Medical Center, Durham,
NC, USA
Background and aims: The aryl hydrocarbon receptor
(AhR) is an orphan nuclear receptor with a primary function
of mediating xenobiotic metabolism through transcriptional
activation of phase I and II drug metabolizing enzymes. The
AhR knockout mouse has provided significant evidence
supporting a pivotal role for AhR beyond xenobiotic
metabolism including in various cell metabolic processes,
inflammation and vasculogenesis. The goal of this study was

Methods: In vivo imaging with ultra-high resolution spectraldomain optical coherence tomography (SD-OCT), histo- and
immunohostochemistry stainings, fluorescein angiography,
Doppler
flow
SD-OCT,
electroretinography,
and
measurements of retinal sterol content.

91

DHA increase significant tear secretion between 3-4 weeks
of treatment.

Results: CYP27A1 KO mice develop lesions in the retina
characterized by cholesterol deposition beneath the retinal
pigment epithelium and neovascularization arising from both
the retina and choroid leading to retinal-choroidal
anastomosis. Electroretinographic assessments of overall
retinal function are generally normal. Fluorescein
angiography reveals blood vessel leakage in the area of
pathology, whereas Doppler flow SD-OCT shows altered
direction of the blood flow. The retina of CYP27A1 mice is
hypoxic and has activated Muller cells. Loss of CYP27A1
also leads to dysregulation of overall retinal cholesterol
homeostasis and paradoxical upregulation of retinal
cholesterol biosynthesis.

Conclusion: Topical NPD1 treatment is effective for
regenerating damaged corneal nerves; promoting recovery
of CGRP positive nerves at normal levels, increasing corneal
sensitivity and improving tear secretion. The use of NPD1
represents a novel therapeutic approach for managing eye
conditions that perturb corneal nerve integrity.
Supported by: NIH-NEI grant EY019465.
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Conclusions: We provide a mechanistic explanation linking
CYP27A1 deficiency with neovascularization and suggest
that CYP27A1 KO mice could be used as a model for
studies of type 3 retinal neovascularization occurring in
some patients with age-related macular degeneration.

THE NEUROHORMONE MELATONIN POTENTIATES
CORNEAL RE-EPITHELIALISATION
J. Pintor

Supported by: R01 EY18383; P30 EY11373; and T32
EY07157. IAP is a recipient of the Jules and Doris Stein
Professorship from the Research to Prevent Blindness.

Universidad Complutense de Madrid, Madrid, Spain
Melatonin is a biologically relevant neurohormone that can
affect multiple ocular processes such as the retinal
functioning or the aqueous humour hydrodynamics. We have
investigated if the topical application of melatonin to rabbit
corneal wounds in vivo and in vitro (in rabbit corneal
epithelial cells) can modify the rate of re-epithelialisation. In
the
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NEUROPROTECTIN D1 (NPD1) RESCUES CORNEA
NERVE ARCHITECTURE AND FUNCTION AFTER
EXPERIMENTAL REFRACTIVE SURGERY

In vivo assays, in the absence of any added compound, the
-1
rate of healing was 75 ± 5 µm h . Melatonin (10 nmol/10 µl)
-1
accelerated the rate of healing to 110 ± 7 µm h (n=8). The
application of the non-selective melatonin antagonist
luzindole (10 nmol/10µL), reversed the effect of melatonin to
-1
values lower than the control (52 µm h ). In the in vitro
assays the application of melatonin 100 µM and, luzindole
100 µM + melatonin 100 µM (n = 8 each) confirmed the
results obtained with living rabbits. The pharmacological
studies carried out with corneal epithelial cells in culture
showed that MT2 melatonin receptors are the responsible for
such actions. Moreover, it has been possible to demosntrate
the presence of this receptor by immunocytochemical
approaches and western-blot, this receptor being a protein of
42 kDa. Messenger RNA for this receptor was also confired
in this cells.

H.E.P. Bazan
Ophthalmology and Neuroscience Center of Excellence,
LSU Health Sciences Center, New Orleans, LA, USA
Background and aims: Several causes can induce corneal
nerve damage. Among the most prevalent are surgery for
correct vision, herpes simplex virus infection, diabetes and
epithelial basement membrane dystrophy. Previous studies
from our laboratory have shown that rabbit corneas treated
with pigment epithelial derived factor (PEDF) plus
docosahexaenoic acid (DHA) after lamellar keratectomy
increase nerve regeneration and stimulates NPD1 synthesis
(IOVS, 2010; Arch Ophtlamol, 2012). The aim of the present
study was to investigate if topical application of NPD1
stimulates the regeneration of functional nerves after
surgery.

In summary, melatonin MT2 receptors seem to be present on
the corneal epithelial cells and they may be the responsible
of the control of the epithelial cell migration.

Methods: An 8mm corneal stromal dissection was
performed in the left eyes of New Zealand rabbits. One
group of rabbits received NPD1 (topical x3 /day for 6 weeks),
a second group was treated with PEDF+DHA to compare,
and a control group received vehicle. Corneal sensitivity was
assessed with a Cochet -Bonnet aesthesiometer and tear
secretion was measured by the Schirmer's test weekly.
Rabbits were sacrificed at 8 weeks and corneas processed
for immunostaining with antibodies against βIII-tubulin,
calcitonin-gene related peptide (CGRP), and substance P
(SP). Corneal nerves were calculated using image analysis.

COI/Financial disclosure: Supported by Research Grants
SAF2010-16024, RETICS (Project RD07/0062/0004) and
the Universidad Complutense de Madrid (Project GR35/10A-920777)
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CORNEAL INNERVATION IN NATIVE OPERATED AND
IMPLANTED CORNEAS: NEW INSIGHTS INTO NERVE
REGENERATION

Results: NPD1 increased the percentage of βIII-tubulin
stained sub-epithelial nerves compared to vehicle treated
group. The increase was similar to corneas treated with
PEDF plus DHA. There was also an increase in CGRPpositive nerves, similar to non injured corneas after NPD1
treatment. SP positive nerves were observed in non injured
corneas and an intense staining was found in epithelial cells
after injury, regardless of treatment. There was significant
increase in nerve sensitivity after 4 weeks of NPD1
treatment that reach almost control (no injury) values at 7
weeks after surgery. Treatments with NPD1 or PEDF plus

N. Lagali
Ophthalmology, Linköping University, Linköping, Sweden
Purpose: To describe corneal innervation and nerve
regeneration in vivo, in various corneal pathologies and in
response to therapeutic intervention.
Methods: Laser-scanning in vivo confocal microscopy
(IVCM) was performed in a series of patients pre- and
postoperatively. Pathologies included aniridic keratopathy,
early-stage keratoconus, epithelial basement membrane
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dystrophy, and various indications for transplantation.
Included in this group was a subgroup followed longitudinally
for 4 years, consisting of 10 patients implanted with a
biosynthetic material and 9 patients who underwent fullthickness penetrating keratoplasty with human donor tissue.
Regeneration of corneal nerves was assessed by observing
nerve patterns, quantifying subbasal nerve density, and
testing nerve function by contact esthesiometry.

suggesting that expression of TRP ion channel was not
changed in chronic ocular dryness. In contrary, cultured
corneal sensory neurons from operated animals showed
enhanced intracellular sodium currents which may explain
neuronal hyperexcitability observed in nerve terminals at
long time after dry eye. The gradual increase in nerve
impulse activity of cold thermoreceptors induced by a
decreased tear production, together with polymodal
nociceptor sensitization may be the main source of dryness
and discomfort sensations accompanying human dry eye
disease.

Results: Corneal nerves regenerate in specific patterns in
response to various treatments such as UVA-riboflavin
collagen cross-linking, excimer laser phototherapeutic
keratectomy, penetrating keratoplasty, and lamellar
keratoplasty. An early regenerative response is observed in
dystrophic and young keratoconus cases, and nearly
complete subbasal nerve regeneration can be expected in
the first postoperative years. Interestingly, however,
subbasal nerve patterns are often altered after treatment by
cross-linking and by laser ablation. By contrast, a marked
decrease in ocular surface sensitivity was noted up to 4
years after surgery in transplanted eyes, regardless of
transplant depth (lamellar or penetrating) or transplant type
(human donor or biosynthetic material). The four-year
progression of subbasal nerve regeneration in these
transplanted groups will be presented, along with insights
into the regeneration process and the morphological
differences in regenerated nerves within human tissue and
within a biosynthetic material.
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CORNEAL SENSITIVITY IN PATIENTS WITH OCULAR
NEUROPATHIES
1,2
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Department of Ophthalmology, University of Helsinki,
2
Helsinki, Finland, Instituto de Neurociencias, Universidad
Miguel Hernández-CSIC, San Juan de Alicante, Spain
Purpose: To assess changes in corneal sensitivity under
inflammation and other pathological conditions of the eye.

Conclusions: In vivo imaging and quantification is useful for
studying the detailed patterns and time course of
regenerating corneal nerves in various ocular pathologies.
Nerve regeneration indices can be used to assess the effect
of various surgical treatments on the corneal healing and
recovery process.

Methods: Corneal sensitivity thresholds to selective
mechanical, chemical, heat and cold stimulation were
evaluated
using
the
Belmonte
non-contact
gas
esthesiometer in dry eye, diabetes mellitus (DM), herpes
simplex virus keratitis (HSK), iritis, and after corneal
refractive surgery (LASIK).
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Results: Corneal thresholds for mechanical, chemical, and
thermal stimulation were significantly higher in dry eye
patients correlating with corneal staining but not with
Schirmer test values. Corneal thresholds were also
increased in DM patients, being more impaired in DM2 than
in DM1. Iritis patients had increased chemical and cold
thresholds whereas mechanical threshold was not altered.
Mechanical, chemical, and heat thresholds increased after
HSK, although sensitivity threshold to cold stimulation was
unaffected. Immediately after LASIK, mechanical thresholds
decreased but increased significantly afterwards, recovering
almost normal values at 2 years postoperatively.
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CORNEAL SENSORY RECEPTOR ACTVITY IN
EXPERIMENTAL DRY EYE
1,2
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Ophthalmology, Semmelweis University, Budapest,
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Hungary, Instituto Neurociencias de Alicante, Universidad
3
Miguel Hernandez - CSIS, San Juan de Alicante, Facultat
de Medicina, Universitat de Barcelona, Barcelona, Spain

Conclusions: Dry eye patients exhibit corneal hypoesthesia
to mechanical, thermal, and chemical stimulation that
appears to be related to damage to corneal sensory nerves.
Dryness sensation could be secondary to an augmented
activity of the remaining cold thermosensory nerves. Corneal
sensitivity changes in DM patients, more impaired in DM2,
suggest that diabetes affects homogeneously the different
types of sensory neurons innervating the cornea. Corneal
sensitivity decrease after HSK suggest that nerve damage
and/or altered expression of membrane ion channels affect
primarily the mechano- and polymodal nociceptor nerves
since corneal cold thermosensation remains largely
unaffected. Sensory disturbances observed in iritis could
reflect inflammation-induced changes in the activity of
polymodal and cold-sensitive corneal nerves innervating
both the iris and the cornea. After LASIK, increased
sensitivity occurred transiently reflecting the sensitized state
of mechano-nociceptors and polymodal nociceptors during
post-surgical inflammation. The drop of sensitivity observed
afterwards correlates well with the reduction in the
innervation density that follows excimer laser refractive
surgery.

Impaired tear secretion reduces ocular surface wetness and
evokes unpleasant eye dryness sensations whose peripheral
origin remains unclear. We decreased basal tearing in
guinea pigs by surgical removal of the extraorbital lacrimal
gland, and recorded from isolated corneas and excised
eyes, the impulse activity of terminals and individual parent
axons of sensory nerves innervating the cornea. Intracellular
calcium changes in response to chemical and thermal
stimulation, and sodium currents in corneal cold and
polymodal nociceptive cultured corneal trigeminal ganglion
neurons were also recorded. Lacrimal gland removal
reduced tear secretion rate by 70%. In parallel, ongoing
firing frequency of single corneal cold sensitive nerve
terminals at 34ºC and peak firing frequencies evoked by
cooling pulses augmented gradually after surgery and were
significantly higher than control at 4 weeks after surgery. .
The firing response of polymodal nociceptors to acidic
stimulation with CO2 was significantly higher at all time
points after surgery. Mechanical threshold of mechanonociceptor fibers transiently decreased 1 week after surgery,
but recovered afterwards. Intracellular calcium responses of
corneal cold and polymodal nociceptor neurons to
temperature drops, menthol, capsaicin and cinnamaldehyde
were not significantly altered after lacrimal gland removal,

COI/Financial disclosure: SAF2011-22500 from Ministerio
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Nissin Foundation, and the Finnish Eye Foundation.
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Methods: To evaluate their biophysical properties, we
express aquaporins in Xenopus oocytes or yeast and
measure water permeability and adhesion. To assess the
biological roles of mutant and wild type aquaporins, we use
the zebrafish (Danio rerio) model and knockdown
endogenous proteins using morpholinos and express rescue
proteins using genetic constucts driven by a lens-specific
gamma crystalline promoter.

INTMERMEDIATE FILAMENT CATARACTS: LOSS OF
FUNCTION VS GAIN OF TOXIC FUNCTION
P. FitzGerald, J. Hess
Cell Biology and Human Anatomy, University of California,
Davis, CA, USA
Background: Humans bearing mutation in CP49, a lensspecific intermediate filament (IF) protein, are generally born
with clear lenses which subsequently opacify with age.
Mouse knockout models, which lack either CP49, or CP49´s
assembly partner filensin, emulate this, yielding mice born
with clear lenses, which develop light scatter with age.
Notably, when either one of these proteins is knocked out,
the insoluble assembly partner is also efficiently cleared from
the cytoplasm, precluding accumulation of insoluble IF
protein. Structural studies of the KO mice showed that the
elegant process of fiber cell differentiation, and the
assumption of lens tissue-level organization, are unimpeded
in the KO mice, but also that the KO mice are unable to
maintain the fiber cell and tissue level phenotypes with age.
This randomization of fiber cell shape, and long-range fiber
cell stacking, presumably explain the mild light scatter
observed in the KO lenses.

Results: Depletion of either AQP0a and AQP0b with
morpholinos causes loss of lens transparency in zebrafish
larvae, and over expression of one cannot rescue
knockdown of the other, suggesting that they have at least
two different roles. In the oocyte and yeast expression
systems AQP0a is a water channel, but AQP0b is not
(Froger et al. 2010). Interestingly, over expression of MIPfun,
an AQP0 from the killifish (fundulus heteroclitus) rescues
knockdown of either AQP0a or AQP0b in the zebrafish, while
a mutant version of MIPfun, N68Q, which lacks water
permeability rescues knockdown of AQP0b, but not AQP0a.
Conclusions: These results confirm that AQP0 has multiple
functions (all present in MIPfun and presumably also in
mammalian AQP0) only one of which is water permeability.
The zebrafish over expression system provides a robust
experimental assay for a functional analysis of these and
other AQP0 proteins. Current efforts to address possible
roles in lens cell adhesion will be presented.

Methods: In this report we sought determine whether
cataractogenic mutations in lens IF proteins were
exacerbated by the accumulation of aggregated proteins.
Starting with the CP49 KO mouse, we used a transgenic
approach to "knock in" a mouse CP49 cDNA bearing a
mutation implicated as causative in at least one human
inherited cataract.

Supported by: NIH EY5661 to JEH.
Froger A, Clemens D, Kalman K, Németh-Cahalan KL,
Schilling TF, Hall JE Two distinct aquaporin 0s required for
development and transparency of the zebrafish lens. Invest
Ophthalmol Vis Sci 51(12): 6582-6592.

Results: The resulting animals showed that the mutant
CP49 was incapable of filament assembly, and therefore
exhibited the predicted loss-of-function phenotype. As seen
in both the CP49 and filensin KOs, the absence of a viable
assembly partner resulted in the cellular removal of filensin
from the mutant CP49 "knockin". However, the mutant CP49
itself was not efficiently cleared from the fiber cell cytoplasm.
This suggests that this specific mutation eliminated the
recognition of mutant CP49 by the cell´s defenses against
accumulation unfolded protein, resulting in accumulation of
protein aggregates.
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NOVEL MOLECULAR INSIGHTS INTO FIBER CELL
MEMBRANE ORGANIZATION AND CYTOSKELETAL
SCAFFOLDING: ROLE IN LENS FUNCTION
1

R. Maddala , P.V. Rao
1

Lens shape, deformability and transparency rely on its
cytoarchitecture and biomechanical properties. While the
essential role played by fiber cell hexagonal symmetry,
membrane integrity and cell adhesive interactions in lens
function is well recognized, we know little about the
molecular mechanisms regulating fiber cell adhesive
interactions, deformability and membrane channel protein
organization in both normal and cataract lenses. Our recent
studies on the distribution profile of various cytoskeletal
scaffolding proteins in mouse lens fiber cells revealed
several novel insights into the regional differences in
organization of the fiber cell membrane actin-spectrin
skeleton, proteins regulating the formation and stability of
tricellular and bi-cellular junctions, and channel protein
membrane subdomains. Different adaptor/scaffolding
proteins including periaxin, desmoyokin, ponsin, caprin-2,
ankyrin B, catenin-2, spectrin, filensin along with NrCAM,
contactins and Caspr-2 were found to exist in
macromolecular complexes and to play a role in stabilizing
the membrane domains containing aquaporin-0, connexins
and L-type calcium channels. Most significantly, we found
molecular parallels between lens fiber cells and neuronal cell
membrane organization, and identified the presence of many
neuronal membrane channel protein-stabilizing adaptor
proteins in the lens fibers. Collectively, these observations
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MULTIPLE ROLES OF AQUAPORIN ZERO IN LENS
DEVELOPMENT AND HOMEOSTASIS
1
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Ophthalmology, Ophthalmology/ Pharmacology and
Cancer Biology, Duke University, Durham, NC, USA

Conclusions: Since protein aggregates are a hallmark of
many IF diseases, these data suggest that simple gene
replacement therapy designed to correct loss-of-function
phenotypes may be an ineffective strategy

J. Hall , D. Clemens , K. Németh-Cahalan , T. Schilling
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2
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Physiology and Biophysics, Developmental and Cell
Biology, University of California, Irvine, CA, USA

Background and aims: Aquaporin zero (AQP0) is essential
for the proper development and maintenance of clarity of the
optical lens. In mammals a single AQP0 protein mediates
water permeability of lens cells, but other presumed
functions (e.g. adhesion) are less well understood. In
contrast, zebrafish and other teleost fishes have two copies
of AQP0 (a and b) due to a genome duplication event over
300 million years ago and these have functionally diverged.
Our aim is to understand the roles of AQP0 in lens
development and homeostasis.
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point to the existence of a network of scaffolding proteins
that, together with the actin-spectrin membrane skeleton,
participate in lens fiber cell membrane domain organization
and cell-cell interactions, attributes that are critical for lens
transparency and function. Supported by grants RO1
EY12201 and RO1 EY18590 from the NEI/NIH.

during fiber cell differentiation and during aging is essential
to understanding normal and pathological mechanisms.
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THE LENS BARRIER: IMPLICATIONS FOR LENS
FUNCTION
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THE LENS MEMBRANE PROTEOME: CHANGES WITH
FIBER CELL AGE AND FUNCTIONAL CONSEQUENCES
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It has been proposed that a barrier which restricts the
movement of nutrients into the human lens develops as a
function of age, and that age related nuclear cataract is in
1
fact a transport disease . A barrier that restricts extracellular
2
space diffusion has also been identified in young rat lenses ,
raising the question of whether the barriers identified in
human and rat lenses represent the same or different
phenomena. To address this question the location of this
barrier was mapped in mouse, rat, bovine and human lenses
using a variety of imaging modalities and then compared.
Extracellular space diffusion was monitored by incubating
lenses in the extracellular space marker Gd-DTPA (MW =
590Da). Depending on the size of the lens, Gd-DTPA
penetration into the lens could be monitored in real time
using MRI, or following fixation of the lens by using confocal
reflection microscopy and/or micro-Computed Tomography.
All techniques revealed a consistent zone in the lens from
which the Gd-DTPA signal was reduced. Comparison of the
relative locations of the barriers in the different sized lenses
showed that the distance to the start of the barrier was
similar in all lenses. This suggests that the formation of the
outer boundary of the barrier is correlated with the diffusion
distance from the periphery of the lens, rather than a specific
stage of fiber cell differentiation such as the loss of cell
nuclei or the membrane insertion of the adhesion molecule
MP20. In contrast, the inner boundary appears to be more
related to lens development since it encapsulates the
embryonic nucleus. The lens nucleus appears to be
connected to the surface by the sutures that create a
preferential extracellular pathway that can bypass the
barrier. Hence the barrier and the sutures appear to be key
structural features that play roles in lens function by directing
ion and fluid fluxes.

1

Biochemistry, Vanderbilt University School of Medicine,
2
Nashville, TN, National Eye Institute/ NIH Institutes of
3
Health (USA), Bethesda, MD, USA, University of Auckland,
Auckland, New Zealand
We have carried out multiple proteomics analyses on the
human lens membrane fraction with the goal of
characterizing changes during fiber cell differentiation and
aging. Global quantitative analyses indicate specific changes
in membrane associated proteins with age. Global
phosphorylation analysis indicates extensive levels of
previously uncharacterized lens protein phosphorylation.
Immunohistochemistry and MALDI imaging approaches
indicate exact localization of modified proteins. These results
raise important questions on the functional consequences of
lens protein modification.
Aquaporin-0 (AQP0) was chosen as an example to illustrate
how a variety of modifications could alter function during
normal fiber cell development and in the aging process.
AQP0 has been shown to have multiple functions including
in water permeability, in cell adhesion, and as a structural
protein. We have identified a multitude of AQP0
posttranslational modifications including phosphorylation,
truncation, fatty acid acylation, and deamidation. Many of
these modifications occur on the intracellular C-terminal tail
of AQP0; a region of functional regulation that occurs
through protein-protein interactions.
AQP0 phosphorylation was characterized in different human
lens regions by immunohistochemistry, by imaging mass
spectrometry, and by quantitative HPLC-mass spectrometry.
The major phosphorylation site, Ser235, reaches its highest
abundance in the inner cortical region suggesting that water
permeability is highest in this region. A significant decrease
in AQP0 phosphorylation was observed in older fiber cell
membranes where water permeability is expected to
decrease. Trafficking experiments suggest that AQP0
phosphorylation may also play a role in proper trafficking of
the protein to the plasma membrane.

This work was supported by the Marsden Fund and Health
Research Council of New Zealand.
1. Truscott RJW. Age-related nuclear cataract: A lens
transport problem. Ophthalmic Research 2000;32:185-194.
2. Grey AC, Jacobs MD, Gonen T, Kistler J, Donaldson PJ.
Insertion of MP20 into lens fibre cell plasma membranes
correlates with the formation of an extracellular diffusion
barrier. Experimental Eye Research 2003;77:567-574.

C-terminal truncation occurs rapidly in the inner cortical
region of human lenses and is expected to play a critical role
in AQP0 interactions with lens cytoskeletal proteins filensin
and phakinin as well as with ERM proteins that link AQP0 to
the actin cytoskeleton.
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AQP0 fatty acid acylation also occurs in an inner cortical
region of human lenses where this modification targets
AQP0 to lipid raft domains in fiber cell membranes.
Redistribution and trafficking of AQP0 may play important
roles in the differentiating fiber cells.

THE MANY FACETS OF WNT-FRIZZLED SIGNALING IN
LENS DEVELOPMENT
1
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The modifications of AQP0 in specific lens regions are
predicted to regulate AQP0 function as fiber cells
differentiate and age. Thus, AQP0 modifications may be
regulatory and/or age-related. Distinguishing the roles of
modifications to AQP0 and other lens membrane protein

1

2

Save Sight Institute, Anatomy & Histology, University of
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95

Wnts and their Frizzled (Fz) receptors are widely expressed
in the lens primordium and at all stages of lens
morphogenesis and growth. Wnts can signal through
canonical and non-canonical pathways and evidence from
reporter mice shows that the canonical Wnt-Fz/ß-catenin
pathway is inactive in lens cells except for a short interlude
in some anterior lens vesicle/epithelial cells from about E9.5
to E14.5. This appears to have an important role in
promoting differentiation of the epithelium as its
differentiation is suppressed in Lrp6 (required co-receptor)
mutant mice. Similarly, recent analysis of Sfrp1/2 double
knockout mice (Sfrps are important regulators of Wnt-Fz
signaling) shows suppressed Wnt-Fz/ß-catenin signaling in
the anterior lens vesicle/epithelial cells and this is associated
with deficiencies in epithelial differentiation. After E14.5,
Wnt-Fz/ß-catenin signaling is generally absent from the lens,
although reporter activity is detected in a few cells scattered
through the adult epithelium. Interestingly, all strategies that
we used to promote activation of the canonical pathway had
no effect on the vast majority of epithelial cells indicating that
some, as yet unidentified, inhibitory mechanism operates
after E14.5.

the optic nerve and visual field parameters in the AD group
were worse than those of the control group. But the most
interesting finding was that the mean IOP recorded in these
patients was not significantly different from that of controls.
These findings indicate that a substantial proportion of
patients with Alzheimer's have clinical pictures similar to that
found in glaucoma but without the ocular hypertension. It is
thus conceivable that in some cases the clinical picture that
we currently define as glaucoma is actually the expression of
neurodegenerative disease of the central nervous system.
Specific common patogenetic mechanisms may be
responsible for the reported links between AD and
glaucoma.

In the fiber compartment there is no evidence of canonical
Wnt signaling at any stage of development. As various Wnts,
Fzs and other signaling/regulatory components are
expressed throughout the lens at all stages, we asked if noncanonical signaling was a feature of fiber differentiation.
Studies now indicate that the Wnt-Fz/planar cell polarity
(PCP) pathway has an important role in the differentiation
process, particularly in relation to regulating cytoskeletal
dynamics. Given that fiber differentiation depends on a FGFinitiated growth factor signaling cascade we investigated if
Wnt-Fz/PCP signaling is a component of this cascade and is
required for their 3-dimensional organisation. Results from
explant studies indicate that Wnt-Fz signaling has a key role
in promoting fiber differentiation and coordinating their
orientation and alignment.

Biological Sciences, Allergan Pharm., Irvine, CA, USA
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Methods: BMD was used to test the effects on axonal
transport in hypertensive rats. Intra-vitreal injections of
fluorescent cholera toxin subunit B were used to assess
anteograde transport in ocular hypertensive rats. Rabbit
models were used to test the effects of BMD on enhancing
retinal function using sweep VEP techniques.

COI/Financial disclosure: Nothing to disclose
O283
NEW CONCEPTS IN PROTECTING THE OPTIC NERVE
AND RETINA
L.A. Wheeler

Purpose: Glaucoma is a chronic neurodegenerative disease
that results in vision loss through loss of retinal ganglion
cells(RGCs). RGCs can be divided or thought of as having
two compartments: the cell body and their axons that form
the optic nerve. Brimonidine(BMD) is an alpha-2 agonist that
lowers intraocular pressure(IOP) and has been shown to
protect RGCs and optic nerve in animal models of injury by
mechanisms that enhance neuronal survive. The
physiological role of alpha-2 receptors in the retina and optic
nerve is still an emerging area of research. A number of
mechanisms are being explored to understand the broad
protective activities observed with activation of alpha-2
receptors.

O282
LINKS BETWEEN GLAUCOMA NEURODEGENERATION
AND ALZHEIMER´S DISEASE

Results: BMD preserved RGC axon morphology, density
and number of optic nerve fibers compared to rats with
elevated pressure given vehicle. BMD significantly reduced
the deficits in axonal transport to the superior colliculus. In a
rabbit model BMD enhanced retinal function.

C. Nucci
Ophthalmology, University of Rome Tor Vergata, Rome, Italy
Evidence indicate that glaucoma involvement is not limited to
the retinal ganglion cells and their axons, but that it also
extends to the central visual pathways, thus supporting the
hypothesis that glaucoma is a neurodegenerative disease of
the central nervous system.

Conclusion: BMD treatment significantly reduced deficits in
axonal transport to the superior colliculus associated with
elevated IOP. The ability of BMD to preserve optic nerve
axons and active transport suggests its neuroprotective
effects are relevant at protecting the cell body but throughout
the entire optic nerve projection. In addition to
neuroprotection, BMD was able to enhance retinal function
in the rabbit.

In accordance, several studies have revealed links between
Alzheimer's disease (AD) and glaucoma (Wostyn et al 2009).
An increased incidence of primary open angle glaucoma has
been reported among AD patients, and a Japanese
population study found that almost all such cases are the
normal-tension form, which suggests the involvement of
causative factors unrelated to IOP (Tamura H et al 2006).
Glaucoma also seems to progress more rapidly in AD
patients than in other groups (Nucci et al. 2011). In addition,
in rats with experimental ocular hypertension, activation of
caspase 3 in the retinal ganglion cells has been shown to
cause cleavages of the amyloid precursor protein that
generate amyloid-b and other neurotoxic species (Guo L et
al 2007). These data prompted us to evaluate the frequency
of glaucoma among patients with Alzheimer's disease and
mild cognitive impairment. An analysis of our findings
revealed that the prevalence of glaucoma among the
patients with Alzheimer's disease was 25%; five times higher
than the prevalence of the disease in controls. In addition,
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STEMMING VISION LOSS USING HUMAN EMBRYONIC
AND OTHER STEM CELL SOURCES
P. Coffey
Institute of Ophthalmology, University College London,
London, UK
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The London Project to Cure Blindness was launched at the
UCL Institute of Ophthalmology in June 2007, and aims to
make the most of human embryonic stem cells to prevent
blindness and restore sight in patients with Age-related
Macular Degeneration (AMD). Our goal is to replace cells
essential for “seeing” lost by disease at the back of the eye.
We aim to repair and regenerate the aged diseased eye
using human embryonic or induced pluripotent stem cells
which have been transformed into the cells affected in AMD:
retinal pigment epithelium. The cells will be surgically
implanted into a clinical population of AMD patients.

SAF-22010-10385; Spanish Ministry of Science and
Innovation and ISCIII-FEDER: PI10/00187, PI006/0780 and
Red Temática de Investigación Cooperativa en Oftalmología
RD07/0062/0001
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THE FUTURE OF NEUROPROTECTION
M.F. Cordeiro
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Glaucoma and Retinal Neurodegeneration Research Group,
Visual Neurosciences, UCL Institute of Ophthalmology,
2
Western Eye Hospital, Imperial College Healthcare Trust,
London, UK
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The realisation that lowering IOP is unable to prevent
progressive vision loss in all glaucoma patients, has led to
investigation of neuroprotection as an alternative or
additional treatment option.

METHODS TO EVALUATE NEUROPROTECTION
AGAINST INJURY-INDUCED RETINAL DEGENERATION
1

1

1

M. Vidal-Sanz , A. Ortín-Martinez , M. Jimenez-Lopez , F.J.
1
2
1
Valiente-Soriano , F.M. Nadal-Nicolas , M. Salinas-Navarro ,
1
2
1
D. García-Ayuso , M. Agudo-Barriuso , M.P. Villegas-Perez

Neuroprotection has gained renewed interest recently as a
therapeutic approach to prevent neuronal degeneration and
loss of function in glaucoma, since the publication of the
LoGTS study. Although confirmation of neuroprotective
effects by other randomized clinical trials is needed, there is
now a demonstration of positive non-IOP dependent effects.
Furthermore , it has been proposed as a treatment strategy
in other ocular diseases, such as AMD. This talk will review
the evidence for neuroprotection in the eye, and its future as
a treatment strategy.

1

Ophthalmology.Faculty of Medicine, Universidad de Murcia,
2
Spain, Unidad de Investigación, Hospital Universitario
Virgen de la Arrixaca. FFIS, Murcia, Spain
Retinal injuries may induce functional and morphological
alterations in different retinal layers. Thus, to evaluate
neuroprotection it is essential to know the numbers and
distribution of the affected neurons in control retinas as well
as to ascertain the temporal and topographical loss that
follows a particular insult and/or a given treatment. To this
end, we have developed automated routines to quantify and
represent the spatial distribution of the total population of
retinal ganglion cells (RGCs), cells in the ganglion cell layer
(GCL) and cones.
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In adult rats, RGCs were identified by retrograde tracing or
Brn3a immunodetection, and cells in the GCL were identified
with nuclear staining. L- or S-opsin immunodetection was
used to identify L- or S- cones, respectively. After
photographing the whole flat-mounted retinas, these
populations were analyzed using customized macros
developed to count automatically the total numbers of the
labeled cells. The quantitative data allowed the generation of
isodensity maps depicting both, their densities and their
retinal distribution.

NA-1 (POSTSYNAPTIC DENSITY-95 INHIBITOR) - NEW
TREATMENT IN IN VITRO AND IN VIVO GLAUCOMA
MODELS
1

1

K. Szydlowska , L. Teves , M. Tymianski
1

2

2

Neuroprotection Lab, Neuroprotection Lab and Department
of Surgery, Toronto Western Hospital, University Health
Network, Toronto, ON, Canada
The World Health Organization estimates the global
prevalence of glaucoma to be 65 million cases, making
glaucoma the second leading cause of blindness globally.
Despite such a high number of affected individuals, an
effective treatment for the consequences of glaucoma is still
not available. Our lab is testing the neuroprotective effect of
NA-1 (inhibitor of the interactions of NMDA glutamate
receptors with the submembrane scaffolding protein PSD95). NA-1 has strong protective effects on brain ischemia in
mice, rats and monkeys. NA-1 is also being evaluated in an
ongoing phase II human clinical trial of its efficacy in
reducing the burden of embolic strokes incurred during
endovascular aneurysm repair (ENACT trial; clincialtrials.gov
NCT00728182). Due to the similarity between ischemic
damage in brain and retina, we postulated that NA-1 could
be a possible method of treatment for the ischemic damage
observed in glaucoma due to increased intraocular pressure.
We treated Sprague-Dawley rats with NA-1 (given
intravenously or intraocularly) after the onset of ischemia
secondary to raised intraocular pressure. After two weeks
we observed less expression of cell death markers and
reduced loss of all retinal cell types as compared with
controls. NA-1 was also found to reduce cell death in retinal
cell cultures derived from rat and from Rhesus macaque that
were subjected to oxygen-glucose deprivation. Our results
also suggest that NA-1 may activate pro-survival protein
synthesis, since blocking transcription or translation strongly

In control albino rat retinas, the mean total numbers of RGCs
is 83,449 for Brn3a-immunodetection or 80,251 when traced.
Total number of cells in the GCL approximates 210,000. The
whole population of S-cones is 41,098 and of L-cones is
231,736. Retinal distribution of RGCs, cells in the CGL and
L-cones is parallel, with higher densities in the central retina
that decrease towards the periphery, where their densities
reach their lowest. RGCs and L-cones show highest
densities along the naso-temporal axis above the optic
nerve, forming a high-density area proposed to be the visual
streak of rats. The distribution of S-cones appears
complementary to that of L-cones and RGCs, and shows a
densest area in the retinal rim (far periphery), with medium
densities in the inferior retina, more so in the nasal quadrant.
Their lowest densities are observed in the dorsal-central
retina, where the L-cones and RGCs are densest.
In conclusion, we have developed objective and accurate
tools to identify, quantify and visualize the distribution of the
total population of RGCs, cells in the GCL and cones in
naïve, injured or treated rat retina. It is anticipated that these
tools will allow precise and objective studies of
neuroprotection in the retina.
COI/Financial disclosure: Funding: Fundación Séneca
04446/GERM/07; Spanish Ministry of Education and Science
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decreased the protective effect of NA-1. Moreover, treatment
with NA-1 permitted a strong increase in CREB
phosphorylation in ischemic retinas of both rats and
monkeys. The efficacy of NA-1 in blocking deleterious
NMDAR-mediated signalling and initiation of pro-survival
protein synthesis suggests that NA-1 might be useful in the
treatment of ischemia secondary to glaucoma.
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LEUCINE-RICH ALPHA-2 GLYCOPROTEIN 1 (LRG1)
CONTRIBUTES TO OCULAR NEOVASCULARISATION
THROUGH MODIFYING TGFBETA SIGNALLING
1

1

1

1

J. Greenwood , X. Wang , S. Abraham , J. McKenzie , N.
1
1
2
2
1
Jeffs , M. Swire , C. Lange , J. Bainbridge , S. Moss

COI/Financial disclosure: Nothing to disclose

1

2

Department of Cell Biology, Department of Molecular
Genetics, UCL Institute of Ophthalmology, London, UK

O288

Neovascularisation is a hallmark feature of many blinding
eye diseases including wet age-related macular
degeneration (AMD), proliferative diabetic retinopathy
(PDR),
retinopathy
of
prematurity,
and
macular
telangiectasia. The formation of new vessels is a complex
and tightly regulated process involving multiple pro and antiangiogenic molecules. Whilst vascular endothelial growth
factor (VEGF) plays a predominant pro-angiogenic role it is
clear that other factors contribute towards the neovascular
response. In this study our aim was to identify novel
regulators of ocular neovascularisation. Differential gene
expression analysis was carried out on microvessels isolated
from wild-type (WT) controls and from three mouse models
-/of retinal disease that exhibit vascular remodelling (VLDLR ,
RD1 and Curly tail-J). We identified 62 genes that were
differentially expressed and common to all three models of
retinal vascular remodelling. Of these, leucine-rich α-2glycoprotein 1 (Lrg1) exhibited the biggest increase and was
selected for further investigation. Lrg1, which was expressed
predominantly by the retinal vasculature, was also
upregulated in laser-induced choroidal neovascularisation
(CNV) and oxygen-induced retinopathy (OIR), and
recombinant Lrg1 enhanced endothelial cell division and
angiogenesis in vitro. Co-immunoprecipitation revealed that
Lrg1 associates with the TGFβ receptor complex. Further
investigation showed that in the presence of TGFbeta1, Lrg1
promotes angiogenesis through mediating a switch from the
ALK5-Smad2/3 TGFbeta pathway to the ALK1-Smad2/5/8
pathway. Blockade of Lrg1 function with a polyclonal
antibody resulted in inhibition of cord formation in the
Matrigel assay and reduced angiogenesis in the ex vivo
metatarsal and aortic ring assays. The Lrg1 neutralizing
antibody also inhibited laser-induced CNV in a dosedependent manner. Together, these results show that Lrg1
is involved in switching TGFβ signalling towards a proangiogenic pathway and as such represents a potentially
novel therapeutic target.

PARSTATIN, A NOVEL ENDOGENOUS ANTIANGIOGENIC PEPTIDE WITH POTENTIAL
THERAPEUTIC APPLICATION IN NEOVASCULAR
OCULAR DISEASES
N. Tsopanoglou
Department of Pharmacology, University of Patras Medical
School, Patras, Greece
It has been recognized that many ocular disease states are
characterized by excessive uncontrolled angiogenesis. For
this reason, ocular neovascularization has become a very
promising pharmacological target for developing new drugs
and many pharmaceutical and biotechnology companies
compete for the development of inhibitors for treatment of
neovascular ocular diseases, such as age-related macular
degeneration, diabetic retinopathy and retinopathy of
prematurity. Thrombin's cellular effects are mainly mediated
by the activation of the protease-activated receptor-1
(PAR1). PAR1 is activated by the thrombin-catalyzed
cleavage of its N-terminal extracellular domain. Proteolytic
activation of human PAR1 by thrombin results in the release
of a peptide with a length of 41 amino acids. We have shown
that this peptide, for which we coined the name “parstatin”,
effectively blocked angiogenesis in several in vitro, ex vivo
and in vivo studies. A significant amount of basic science
research on the molecular and cellular mechanisms involved
indicates that parstatin inhibits the signaling of at least two
key angiogenic growth factors, namely VEGF and FGF2
(Zania et al, 2009, J Pharmacol Exp Ther, 328: 378-389).
Furthermore, in established animal models used for the
evaluation of new agents for neovascular ocular diseases,
parstatin was found to prevent corneal, choroidal and retinal
neovascularization by 60%, 58% and 59%, respectively
(Huang et al, 2010, Invest Ophthalmol Vis Sci, 51: 58255832). Following structure-function analysis, we have further
24
41
discovered that the parstatin sequence Thr -Arg
represents the functional domain of the molecule and the
corresponding parstatin fragment (24-41) is much more
effective compared to the full-sized peptide (1-41).
Intraocular injection of parstatin (24-41) strongly suppressed
ischemia-induced retinal neovascularization in neonatal mice
by 74%. Similarly, intravitreal or subconjunctival
administration of parstatin (24-41) inhibited choroidal
neovascularization in mice and potently delayed the onset
and progression of rat corneal neovascularization by 87%
and 76%, respectively. Interestingly, parstatin (24-41) is
likely to potently suppress choroidal and retinal
neovascularization at least in part through the inhibition of
retinal inflammation. In animal models, we have found that
parstatin (24-41) potently reduced leukocyte influx into the
retinas. Overall, these findings suggest that parstatin (24-41)
may represent a novel attractive and potent therapeutic
strategy in the treatment of ocular neovascular and
inflammatory diseases.

This work was funded by the Lowy Medical Research
Institute Ltd (The Macular Telangiectasia Project), the
Medical Research Council and a UCLB POC Award.
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MOLECULAR REGULATION ENDOTHELIAL SPROUTING
AND ANGIOGENIC BLOOD VESSEL GROWTH
R. Adams
Tissue Morphogenesis, Max Planck Institute for Molecular
Biomedicine, Muenster, Germany
Angiogenesis is the main process mediating the expansion
of the blood vessel network during development, tissue
regeneration or in pathological conditions such as cancer.
The formation of new endothelial sprouts, a key step in the
angiogenic growth program, involves the selection of
endothelial tip cells, which lack a lumen, are highly motile,
extend numerous filopodia, and lead new sprouts.
Angiogenic sprouting is induced by tissue-derived, proangiogenic signals such as vascular endothelial growth
factor (VEGF), which activates and triggers signaling by

COI/Financial disclosure: Author declares competing
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cognate receptor tyrosine kinases in the endothelium.
However, this response is strongly modulated by intrinsic
signaling interactions between endothelial cells (ECs). For
example, expression of the ligand Delta-like 4 (Dll4) in tip
cells activates Notch receptors in adjacent (stalk) ECs and is
thought to downregulate VEGF receptor expression in these
cells. Thus, the tip cell phenotype is suppressed in stalk cells
and a balance between sprouting and the necessary
preservation of existing endothelial tubes is established.

potential. Furthermore, OECs are able to closely interact
with mature endothelial cells through adherens and tight
junctions. OEC demonstrate de novo tubulogenic potential
and fully incorporate into a mature vascular network. This is
also demonstrated in vivo, where OECs directly incorporate
into resident ischaemic vasculature, and significantly
decreased avascular areas when compared to vehicleinjected retinas.
This presentation will discuss recent evidence that
reperfusion of ischaemic retina and suppression of sightthreatening sequelae is possible in both experimental and
clinical settings. In particular, there is emphasis on the
clinical potential for a sub-population of EPCs to promote
retinal vascular repair and reversal of ischaemic injury.
When some of the remaining questions surrounding the
clinical use of EPCs are addressed, they may provide an
exciting new therapeutic option for treating ischaemic
retinopathies.

Our work is providing further insight into the regulation of
sprouting angiogenesis. The Notch ligand Jagged1 is a
potent pro-angiogenic regulator with the opposite role as
Dll4. In contrast to current models, we found that Notch
controls VEGFR2 only moderately whereas VEGFR3 is
strongly regulated. Moreover, blocking of Notch enables
angiogenic growth even in mutant animals lacking
endothelial VEGFR2 expression. We also found that
endothelial sprouting and proliferation extension depend on
VEGF receptor endocytosis. Ephrin-B2, a ligand for Eph
family receptor tyrosine kinases, is required for endothelial
cell motility, VEGF receptor endocytosis and the activation of
downstream signal transduction cascades.

COI/Financial disclosure: Nothing to disclose
O292

Our work delineates a molecular network for the regulation
of angiogenesis in the developing retina.

MECHANISMS OF BLOOD VESSEL REMODELLING
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Vascular Biology Lab, London Research Institute - Cancer
Research UK, London, UK
Sprouting and anastomosis constitute the first steps in
angiogenesis, creating a dense but immature vascular
plexus. Such vascular networks must subsequently remodel
in order to efficiently deliver oxygen and nutrients to
vascularized tissues. One of the key mechanisms promoting
vascular remodelling is vessel regression. Current literature
suggests that vessel regression involves endothelial cell
death, creating empty basement-membrane sleeves.
However, details of the cellular and molecular mechanisms
of vessel regression remain poorly understood. Here, we
present a systematic analysis of the cellular principles and
molecular mechanisms regulating vessel regression, in the
retina and zebrafish. We observed that blood vessel lumen
constriction is an initiating step in vessel regression followed
by extensive endothelial cell migration and rearrangements
with endothelial cells incorporating in neighbouring
branches, without signs of endothelial cell death. Single cell
analysis showed that regressing endothelial cells are highly
active, extending filopodia away from the regressing branch.
Studying lumen, junctional profiles, endothelial cell shape
and endothelial cell polarity, we propose that regression
involves at least four discrete steps: 1) selection of the
regressing branch; 2) physical lumen constriction; 3) junction
remodelling during endothelial cell retraction; and 4)
resolution of the vessel segment regression, which leaves
behind a pericyte covered basement membrane sleeve.

HARNESSING ENDOTHELIAL PROGENITOR CELLS TO
REVERSE ISCHAEMIC RETINOPATHIES
A. Stitt
Centre for Vision & Vascular Science, Queen's University
Belfast, Belfast, UK
Retinal ischaemic disorders such as diabetic retinopathy,
retinopathy of prematurity and retinal vein occlusion are
common. Hypoxia-related stimuli from oxygen-deprived
retina can drive expression of growth factors and cytokines
which induce leakage from the surviving vasculature and/or
pre-retinal neovascularisation. Current therapies for
ischaemic retinopathies include laser photocoagulation,
injection of corticosteroids or VEGF-antibodies and
vitreoretinal surgery, however they carry significant side
effects. As an alternative approach, we propose that if
reparative intra-retinal angiogenesis can be harnessed at the
appropriate stage, ischaemia could be contained or
reversed.
Numerous studies suggest that endothelial progenitor cells
(EPCs) re-vascularise ischaemic tissues and recent clinical
trials have highlighted the feasibility, safety and potential
therapeutic benefit of an EPC-based cytotherapy for
myocardial infarction. However there is still discrepancy
about the extent to which these cells incorporate into the
vasculature and the level to which they restore functionality
to damaged tissue. These controversies are caused by an
imprecise EPC definition as many different cell populations
are collectively referred to as “EPCs”.

Previous work suggested that loss of Wnt-signaling
promotes regression. Interestingly, genetic manipulation
impairing endothelial Wnt ligand-secretion leads to
excessive vessel regression, indicating that endothelial cells
themselves secrete Wnt ligands relevant for stabilizing the
immature vessel branch.

We have isolated a distinct EPC population named
Outgrowth Endothelial Cells (OECs) and have tested them
as a novel cell therapy for ischaemic retinopathy. OECs
were isolated from adult human peripheral blood and grown
on collagen substrate. They were characterised using FACS
immunophenotyping, and genome-wide transcriptomics.
Angiogenic activity was assessed using multiple functional
assays in vitro, and a mouse model of ischaemic retinopathy
in vivo. Our data indicate that OECs possess an unequivocal
endothelial phenotype and express progenitor cell markers.
They have high proliferative capacity and clonogenic

We propose that Wnt is involved in the initial selection step
of the remodelling branch and affects coordinated and
polarized endothelial cell migration. Our mechanistic
conceptualization of vessel regression uncovers an
extraordinary level of endothelial cell plasticity during
vascular remodelling and opens new therapeutic
perspectives on retinal vascular diseases and remodelling
after stroke.
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and adhesion molecule. Loss of MMP-12 abolished
macrophage infiltration, decreased inflammatory mediator
expression, and markedly reduced retinal vascular leakage
in OIR. Moreover, bone marrow-derived macrophages
isolated from MMP-12 KO mice showed impaired migratory
capacity when compared with WT mice. Importantly, loss of
MMP-12 remarkably attenuated retinal capillary dropout in
early OIR and mitigated pathological retinal NV at the late
stage. Intriguingly, intraretinal revascularization into
avascular retina was remarkably accelerated in MMP-12 KO
mice. Further studies show that pharmaceutical inhibitor of
MMP-12 does not alter the angiogenic capacity of
endothelial cells, suggesting that the regulation of vascular
remodeling towards normal retinal vasculature in MMP-12
deficient OIR mice may be secondary to reduced retinal
inflammation and, in particular, ameliorated macrophage
activation. Therefore, we conclude that MMP-12 is a key
regulator of macrophage infiltration and inflammation,
contributing to retinal vascular dysfunction and pathological
angiogenesis.

DELETION OF LRP5 PREVENTS INTRARETINAL
ANGIOGENESIS CAUSED BY VLDLR MUTATIONS
C.-H. Xia, X. Gong
School of Optometry and Vision Science Program, University
of California, Berkeley, Berkeley, CA, USA
Recent studies indicate that very low-density lipoprotein
receptor (VLDLR) and low-density lipoprotein receptorrelated protein 5 (LRP5), members of the LDL receptor
family, play opposite roles during intraretinal angiogenesis. A
loss of LRP5 in mice leads to an undergrowth of the
intraretinal vasculature, associated with the formation of
clusters of endothelial cells (ECs) in the nerve fiber layer,
and a failure of ECs to migrate into deeper retinal layers. In
contrast, VLDLR knockout mice show retinal ECs penetrate
through the photoreceptor cell layer to cause an overgrowth
of
the
intraretinal
vasculature
and
subretinal
neovascularization. However, the genetic hierarchy of proangiogenic signals mediated by LRP5 versus antiangiogenic signals mediated by VLDLR during retinal
angiogenesis remains unclear. We have tested whether
LRP5 is crucial or dispensable for the neovascularization
caused by VLDLR gene mutations by generating and
characterizing the LRP5/VLDLR double knockout (DKO)
mice. Our results reveal that retinal vessels fail to penetrate
into the photoreceptor layer in DKO mice, and an enormous
number of ECs clusters appear in the nerve fiber cell layer.
Thus, the presence of LRP5 is a prerequisite for the
overgrowth of retinal vasculature in VLDLR knockout mice.
More importantly, a functional loss of LRP5 is sufficient to
prevent neovascularization caused by the VLDLR knockout
mutation. LRP5 may be an effective target for inhibiting
intraretinal neovascularization.
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GLANDULAR TISSUES YIELD SIMILAR STEM CELL
POPULATIONS
A.E. Petschnik, A. Richter
Fraunhofer Research Institution for Marine Biotechnology,
Lübeck, Germany
In the human body multiple tissue niches harbor various
stem cell populations. Beside common ones like
mesenchymal stem cells from the bone marrow also stem
cell populations from other tissues like glands were
described. Glandular stem cells have been successfully
isolated from the human pancreas, salivary glands and even
sweat glands. Even though the ontogenetic origin of these
tissues is very distinct, the stem cell populations share many
common features. The expression of the intermediate
filament protein nestin is one of the main characteristics of
glandular stem cell populations. Nestin has first been
reported to be expressed predominantly in neural tubeassociated neural stem cells, thus, nestin was perceived for
a long time as a neural stem cell marker. Recently, nestin
has become widely accepted as a general marker for adult
stem and progenitor cells. The stemness of glandular stem
cells becomes obvious considering their multipotential
differentiation capability. Not only spontaneous differentiation
into endodermal, mesodermal and ectodermal cells could be
observed but it was also possible to guide differentiation of
various stem cell populations into a specific cell type like
neuronal cells. This enormous differentiation potential makes
these cells very attractive for cell-based regenerative
medical applications. In particular, sweat gland-derived stem
cells, which are easily accessible and abundantly available,
have been shown to have a huge impact on accelerating
wound healing in a full skin defect mouse model. Since the
lacrimal gland also contains nestin positive cells, exploring
common features with the reported glandular stem cells from
pancreas, salivary glands and sweat glands would be of
interest.

[Supported by a grant from the East Bay Community
Foundation]
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MACROPHAGE-DERIVED ELASTINOLYTIC PROTEASE
IS ESSENTIAL FOR ISCHEMIA-INDUCED MACROPHAGE
ACITVATION AND ABERRANT RETINAL VASCULAR
REMODELING
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Pathological angiogenesis is a major cause of vision loss in
ocular diseases associated with ischemia, inflammation,
diabetes and age-related macular degeneration. Recent
evidence implicates macrophage metalloelastase (MMP-12),
a macrophage-derived elastinolytic protease in inflammation,
tissue remodeling and angiogenesis. However, the role of
MMP-12 in retinal angiogenesis remains unclear. The
objective of this study is to explore the enzyme's
contributions to retinal inflammation, vascular dysfunction,
and angiogenesis in oxygen-induced ischemic retinopathy
(OIR). To induce OIR, we exposed newborn MMP-12
knockout (KO) and wildtype (WT) mice to hyperoxia (75%
O2) for 5 days, followed by room air (21% O2, relative
hypoxia). In the WT mice, MMP-12 was significantly
upregulated in hypoxic retina, accompanied by elevated
macrophage infiltration and increased expression of vascular
endothelial cell growth factor (VEGF), inflammatory cytokine
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cauterization were purified and cultured. The colony-forming
ability of these cultured epithelial cells was significantly
stronger and number of side population cells among them
was significantly increased than the control group.
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MECHANISMS OF LACRIMAL GLAND REPAIR
FOLLOWING EXPERIMENTALLY INDUCED INJURY
D. Zoukhri

These results suggest that mouse lacrimal gland have a
strong regenerative potency and that regenerative process
of this ischemic model begins with the proliferation of the
duct and that regenerated acinar cells were differentiated
from the proliferated ductal epithelium. Progenitor cells for
lacrimal gland epithelium were considered to be located in
the ductal epithelium and were activated by the ischemic
condition.

1,2

1

General Dentistry, Tufts University School of Dental
2
Medicine, Neuroscience, Tufts University School of
Medicine, Boston, MA, USA
Inflammatory diseases of the lacrimal gland such as
Sjögren's syndrome, sarcoidosis, and chronic graft versushost disease or simply as occurs with advanced age, lead to
inadequate secretion of the aqueous layer of the tear film,
which is a leading cause of Keratoconjunctivitis sicca (KCS)
or dry eye syndromes. Common denominators for these
diseases are the phenotypic signs of chronic inflammation
(injury) of the lacrimal gland with loss of parenchymal tissue
(the tear secreting acinar and ductal epithelial cells) and the
inability of the gland to repair itself.
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GENERATION OF TWO- AND THREE-DIMENSIONAL
LACRIMAL GLAND CONSTRUCTS
S. Schrader

We developed an experimental injury model to study lacrimal
gland repair by direct intra-glandular injection of interleukin-1
and showed that: 1-Slow cycling, label-retaining cells (i.e.,
stem/progenitor cells) are present in the murine lacrimal
gland; 2-Following injury to the lacrimal gland, the number of
label-retaining cells is dramatically increased, presumably
through proliferation; 3-Bone marrow derived cells are
mobilized during repair of the lacrimal gland; 4-During the
repair phase, cells with a mesenchymal stem cell (MSC)
phenotype are generated through induction of epithelial-tomesenchymal transition (EMT), and 5-Once tissue repair is
complete, MSCs become undetectable, presumably through
induction of mesenchymal-to-epithelial transition (MET) to
generate functional lacrimal gland epithelial cells.

Ophthalmology, University of Düsseldorf, Düsseldorf,
Germany
Aqueous tear deficiency due to lacrimal gland insufficiency is
one of the major causes of dry eye. In severe cases such as
Sjoegren´s syndrome, Stevens-Johnson syndrome or ocular
cicatrical pemphigoid the therapy with artificial tears can be
insufficient to relieve severe discomfort. Engineering a
lacrimal gland construct may offer a suitable alternative
transplant with a tear like secretion. However, the
reconstruction of a complex structure such as the lacrimal
gland is challenging and a lacrimal gland substitute must
meet several criteria. It has to contain enough functional
lacrimal gland cells to produce an adequate amount of tear
fluid and a suitable matrix is needed to deliver the cells to
the patient. Our group developed a two dimensional and a
three dimensional in vitro model for lacrimal gland acinar
cells. Both models facilitated the formation of three
dimensional acinar cell clusters and these organised cell
groups showed a secretory function after stimulation.
However, apoptotic centers were noted, which positively
correleated with the size oft the constructs. This data
indicates that with growth of the spheroids, the supply with
oxygen and nutrition is not sufficient. Compared to all living
organs the system is missing an essential physiological
component: a blood supply. Thus, the development of a
vascular system providing a continuous supply of oxygen
and nutrients would be the next step in order to construct a
functional bioartificial lacrimal gland system in vitro.

Our findings findings suggest that not only is the murine
lacrimal gland capable of regeneration but that it seems to
contain several types of stem/progenitor cells.
COI/Financial disclosure: NIH/NEI grant EYRO1-12383
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REGENERATION OF MOUSE LACRIMAL GLAND AFTER
SEVERE ISCHEMIA
M. Ito
National Defense Medical College, Tokorozawa, Japan
To observe how mouse lacrimal gland regenerate after
severe atrophy, we generated an ischemic atrophy model of
exorbital lacrimal gland (EOL) by cauterizing main arteries
nourishing EOL in the adult mice. The main nourishing
arteries to EOL were determined by the dye-injection studies
and were revealed to be the branches of superficial temporal
artery. These arteries to right EOL in 8-9 week-old C57BL/6
mice were cauterized and histological changes were
observed. After the massive necrosis with apoptosis
occurred in the gland in the first three days after
cauterization, proliferation of the survived ductal epithelium
began, which was followed by the expansion of the ducts
with epithelial cells positive in cytokeratin-14 (a marker for
basal cell in glandular ducts). By 4-6 weeks after
cauterization, apparently normal terminal acini with
aquaporin-5 (one of water channel protein) expressed on the
apical side of the cells appeared in the atrophied tissue. By
eighth week, those regenerated acini got predominating in
the tissue. Ki67 (marker for proliferating cells) was only
transiently positive on the ductal epithelium between 1 and 2
weeks after cauterization. To further characterize the
regenerating gland, epithelial cells from EOL one week after
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INVESTIGATION OF LONG TERM CULTURED MURINE
LACRIMAL GLAND STEM CELLS
1

1
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P. Ackermann , S. Hetz , J. Dieckow , F. Paulsen

2
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Department of Anatomy and Cell Biology, Martin Luther
2
University Halle-Wittenberg, Halle, Depatment of Anatomy
II, Friedrich Alexander University Erlangen-Nürnberg,
Erlangen, Germany
Aims: Aqueous tear deficiency due to lacrimal gland
insufficiency is one of the major causes of dry eye
syndrome. In severe cases such as Sjogren syndrome,
Stevens-Johnson syndrome or ocular mucous membrane
pemphigoid, the therapy with artificial tears can be
insufficient to relieve severe discomfort. Aim of this study
was to detect and investigate lacrimal gland stem cells. To
get into the matter we started with an analysis of murine
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lacrimal glands for markers of pluripotency, self- renewal and
differentiation. As the amount of stem cells in differentiated
tissue is particularly low, it is needed to separate stem cells
from adult cells e.g. lacrimal gland cells and fibroblasts to
further show pluripotency.

growth factors to synthetic polymer matrices using integrin
recognition sequences.
COI/Financial disclosure: Nothing to disclose
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Methods: Using a unique technique with mechanical and
enzymatic digestion of adult tissues we were able to isolate
potential lacrimal gland stem cells and cultured them over a
longer period. Lacrimal gland stem cells were then grown
until confluence in 7-10 days. Cells were photographed to
visualize changes in cell morphology. To analyze
pluripotency of the cells RT-PCR and immunohistochemistry
as well as Western blot analysis were performed to
demonstrate mRNA and protein of different pluripotency
markers. Electron microscopy was additionally applied to
analyze cell morphology.

ADAPTIVE OPTICS: THE FUTURE OF VISION
EVALUATION
P. Artal
Universidad de Murcia, Murcia, Spain
The use of adaptive optics techniques allows the
simultaneous measurement and manipulation of ocular
optics in the eye while the subject is performing any type of
specific visual task. This concept, that we first called
adaptive optics visual analyzer, has been used in different
experiments in visual science and in practical problems in
ophthalmology in recent years. I will revise the basic
concepts of this type of systems, including several of the
used corrector devices, and some of the results obtained. As
an example, the neural adaptation to the aberrations was
first suggested using an adaptive optics visual simulator.
Another practical application is the search and evaluation of
phase profiles to extend depth of focus to correct
presbyopia. I will also revise the current status of a binocular
adaptive optics system that would allow extending the range
of studies to the conditions of natural binocular vision. The
application of this type of instrument to optimize the visual
outcomes after different refractive and cataract surgery
procedures would be also covered. Some of the recent
history, together with my personal views of the future
developments of the field of vision evaluation and surgical
outputs optimization will be described in the presentation.

Results: The isolated cell type could be cultured over more
than 60 passages and could be cultured further more.
Nanog, Sox2 and C-Myc as well as other markers of
pluripotency were detected. Additionally, we analyzed early
and late lineage markers, therefore BMP-4, smooth muscle
actin, GATA-4 and GATA-6, Nestin and other lineage
markers were experimentally verified.
Conclusions: We have isolated and cultured a cell type
which showed properties of adult stem cells successfully.
These cells have the ability to differentiate into all 3 germ
layers and additionally we found markers for early lacrimal
gland development after a long time of cultivation in vitro.
The results are a first step to get deeper insights into
lacrimal gland stem cell physiology.
COI/Financial disclosure: Nothing to disclose
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THE LIMBAL EPITHELIAL STEM CELL COMPARTMENT

Maintenance and regeneration of corneal epithelium relies
on unipotent progenitor cells at the corneoscleral limbus.
Ocular surface disease can be the cause and consequence
of a depletion of this stem cell reservoir. Transplantation of
limbal epithelium aims to reconstitute the diseased corneal
surface. Ex-vivo culture of limbal epithelial cells has been
shown to achieve cell expansion before transplantation. It is
assumed that maintenance of limbal progenitors is governed
by a number of extrinsic factors. These are provided in vivo
by the local microenvironment, which has been termed the
“stem cell niche”. For ex vivo culture, limbal cells are
removed from their niche. To retain their “stemness”, niche
factors need to be replicated by the culture system.
Appropriate media formulations may aid to achieve this
objective. However, two- or three-dimensional tissue
constructs have also been proposed, which may serve as
substrates for limbal epithelium both during culture and
following transfer to the ocular surface. These can be
engineered to incorporate specific limbal niche components.
Here, we provide an overview of recent and ongoing works
that aim at developing tissue-engineered substrates that
mimic the stem cell niche of the limbal epithelial stem cell
compartment. Ideally, apart from supporting the
maintenance of undifferentiated limbal progenitors, these
substrates should be non-immunogenic, transparent, and
easily accessible. Current tissue engineering approaches for
limbal progenitor cells and corneal surface regeneration
include coating of biopolymer scaffolds with limbus-specific
extracellular matrix components, integration of putative niche
cells into collagenous constructs, or linkage of specific

PHYSICAL LIMITATIONS OF WAVEFRONT
CORRECTIONS IN THE HUMAN EYE
P.-R. Preußner
Eye Hospital, University of Mainz, Mainz, Germany
Background: Wavefront corrections, primarily developed in
Astrophysics, are meanwhile also applied in Ophthalmology,
and elements of the Zernike series of the wavefront error,
e.g. as results of aberrometry, are found in a huge number of
publications. Unfortunately, the clinical impact of these data
is often confusing, and results based thereon, e.g. in corneal
refractive surgery or IOL design, are not always convincing.
Method: Comparisons of the sizes of optical erors and
geometrical dimension between Astrophysics on the one
hand and Ophthalmology on the other hand show that
comparable numbers can differ up to 6 orders of magnitude.
An often overlooked misunderstanding between the meaning
of mathematical orthogonality and physical independence of
Zernike elements is explained. It is demonstrated which
types of optical errors can be fully corrected, and which
types can only be approximatively corrected or not at all.
Conclusion: Wavefront corrections in the human eye work
the best the higher the optical quality of the eye already is.
They fail the more the correction is clinically needed, i.e. in
an eye with poor optical function.
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spherical anterior lens surface. The intersection points at the
posterior lens surface are computed by applying an
optimization algorithm in terms of minimizing the optical path
length difference between the rays. The optical performance
was measured in terms of lateral ray spread at the retinal
plane by forward ray-tracing after fitting a smooth function to
the optimized points on the IOL back surface. Presented
method was applied to working examples as well as to
clinical cases. The fitting errors and the ray spot diagrams
are provided. Comparison studies of the customized versus
standard lenses are also given.
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MULTIFOCAL AND EXTENDED DEPTH OF FOCUS
OPTICS FOR PRESBYOPIA TREATMENT
J. Schwiegerling
Optical Sciences, University of Arizona, Tucson, AZ, USA
Presbyopia is the inability to accommodate and is a result of
the normal aging process. Without accommodation,
additional optical aids to achieve both distance and near
vision. Intense effort has been put into developing
accommodating intraocular lenses that restore the ability to
change focus in presbyopes and pseudophakic individuals.
However, limited success has been achieved with these
modalities. Until successful accommodating intraocular
lenses become widely available, the interim solutions for
providing near and distance vision for pseudophakic
individuals are multifocal lenses and extended depth of focus
technologies. Multifocal lenses come in two varieties:
refractive lenses, which segregate the lens aperture into
regions of different power, and diffractive lenses, which
create discontinuities in the transmitted wavefront leading to
multiple foci. Extended depth of focus lenses alternatively
use amplitude and phase profiles on the lens surface to
create foci that are weakly dependent upon defocus over a
usable range of object distances. All of these lenses incur
some degradation in image quality when compared to single
vision lenses. In this report, a variety of methods for treating
presbyopia are analyzed and their individual drawbacks and
likely impact on visual performance are examined.

The individual intraocular aspherical lenses have the
potential to fully compensate spherical aberrations based on
the individual measures of the eye.
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HYBRID REFRACTIVE-DIFFRACTIVE MULTIFOCAL
INTRAOCULAR LENS WITH FRACTAL PROFILE
1

2

1

A new design of hybrid refractive-diffractive multifocal
intraocular lenses (MIOLs) is presented. It is obtained by
adapting to the MIOL requirements a recently developed
diffractive optical element so-called Fractal zone plate (FZP).
FZPs are essentially multifocal devices which have been
demonstrated to have an outstanding behavior, especially
under wide band illumination. Prototypes of different designs
fractal MIOLs were constructed in PMMA and HEMA and
tested according to European Standard UNE-EN ISO 119799 by means of a commercial apparatus based on a FourWave interferometer. The following parameters were
measured in a model eye: 1).Focal lengths (near and far), 2)
Axial modulation transfer function (MTF), and 3).Axial point
spread function (PSF). In addition, the resolution efficiency
was measured objectively with the standard US Air Force
target (1951) by using a specially developed (automatized)
optical test bench. For a 2.7 mm pupil and monochromatic
illumination (560 nm) the MTF values of our designs are
better than 0.49 for distance focus and 0.25 for near focus.
For a 4.2 mm pupil the MTF values are better than 0.40 for
distance focus and 0.22 for near focus. The chromatic
aberration of these lenses was assessed with different
wavelengths in the optical setup. It was found that
comparatively our designs are less sensitive to chromatism
than other commercial diffractive lenses. Summarizing the
new designs are promising since the measurements almost
reach the level of quality of commercial refractive MIOLs.
Some improvements are in progress.
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INDIVIDUAL INTRAOCULAR LENS IMPLANTS
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In the last decades, several aspherical intraocular lens
designs have been developed and launched to the market,
which aim to compensate for the corneal spherical
aberrations or at least to neutralize the spherical aberration
of the lens implant. The visual performance with these
aberration correcting or zero aberration lenses have been
investigated extensively. However, due to the large interindividual variety in corneal parameters and ocular
dimensions, which is not strictly correlated with the refraction
status, age or gender, or surgical technique, the results are
still inhomogeneous.
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The purpose of the presented work is to introduce a
mathematical approach for customizing an intraocular lens
(IOL) by optimizing the lens geometry based on the
individual topographic and biometric measurement data (e.g.
corneal thickness, anterior chamber depth, axial length of
the eye). The study demonstrates the theoretical superiority
of customized aspherical IOL designs over spherical or
aspherical IOLs, where the new lens is supposed to
compensate the asphericity and toricity of the eye.

PERIPHERAL REFRACTIONS WITH SPECTACLE
VERSUS CONTACT LENS CORRECTIONS FOR MYOPIA
S. Backhouse, M. Loertscher, J.R. Phillips, Auckland Myopia
Laboratory
Optometry and Vision Science, The University of Auckland,
Auckland, New Zealand
Previous studies suggest that the refractive status of the
peripheral retina can influence the development and
progression of myopia. Our aim was to compare peripheral

The model is based on a ray tracing algorithm and
incorporates biconic representation of both corneal surfaces
(refractive and astigmatic parameters), a pupil function,
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refractions when the same human eyes were corrected with
spectacles and soft contact lenses. Ten young adults (mean
age 24 years) with moderate to high myopia (-5.00 D to
-8.00 D) were investigated. Non-cycloplegic, open-field
autorefraction was used to measure on- and off-axis
refractions when uncorrected and when corrected with
spectacles and contact lenses with the eyes in primary gaze
under all conditions. Measures were made every 5° out to
30° horizontally in nasal and temporal retina and analysed
as power vectors (M, J0, and J45). Subjects had an average
on-axis mean-sphere refraction of -6.33 ± 0.31 D (mean ± 1
SE). The average relative peripheral refraction (RPR) for all
subjects across all eccentricities was hyperopic when
uncorrected (+0.90 ± 0.14 D) and also when corrected with
spectacles (+1.01 ± 0.13 D) but changed to a myopic RPR
when corrected with contact lenses (-1.84 ± 0.61 D). There
was a highly significant effect of correction on peripheral
refraction (p< 0.0001). Peripheral J0 astigmatism also
became significantly more negative on correction with
contact lenses (p = 0.015), whereas J45 astigmatism
remained unchanged. Our results indicate that correcting the
on-axis refractive error with spectacles results in absolute
hyperopic defocus in the peripheral retina, whereas
correcting the same eyes with spherical soft contact lenses
results in significant absolute myopic defocus in the
peripheral retina. If peripheral refractive status does
influence myopia progression, then our results suggest that
myopia progression would be slower with conventional
contact lens wear than with spectacle wear. However,
previous studies have reported no difference in myopia
progression with spectacles and conventional contact
lenses. Supported by NZAO Education and Research Fund
Fellowship to S. Backhouse.

sequelae of retinal remodeling in response to disease. Chu,
Humphrey & Constable, '93, Li et al., '95, Lewis, Linberg &
Fisher, '98, Fariss, Li and Milam in '00 and Strettoi and
Pignatelli in '00 and Strettoi et al., in '02 all described
abnormalities in processes and morphology of discrete
retinal cell populations. Ultrastructural analysis of the neural
retina in degenerative diseases was also sparse, though
Peng et al., in '00 described ectopic synapses in rod specific
retinal degenerative disease. All this prior work built the
foundation that allowed Marc and Jones starting in '02 to
elaborate and elucidate the widespread alterations and
topological restructuring that occurs in retinal degenerations
in response to deafferentation and examine the implications
for vision rescue strategies. Future effort by the community
will encompass efforts to delete single classes of neurons
and examine effects as well as describing precise circuitry
changes in retinal degenerative diseases combined with
targeted interventions designed to arrest remodeling and
recover function with a reduced set of participants.
COI/Financial disclosure: Nothing to disclose
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RETINAL REMODELING AND RETINOIDS
R. Marc, B.W. Jones, J. Tucker, Y. Lin
Ophthalmology, University of Utah, Salt Lake City, UT, USA
Purpose: We sought to explore the mechanisms driving de
novo neuritogenesis and rewiring in the mammalian retina
associated with retinal degenerations.
Methods: A range of human and animal model samples
have been mapped for retinal neuritogenesis and rewiring
defects, but the lack of coherence and slow progressions of
these changes challenge analysis. We triggered lightinduced retinal degeneration (LIRD) in BALB/c mice with a
24h light exposure and sampled at times ranging from 0h to
120d
for
ERGs,
behavior,
immunocytochemistry,
computational molecular phenotyping, and Western blotting.
Over 50 distinct targets were screened and quantified.
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HISTORICAL OVERVIEW OF RETINAL REMODELING
AND STRATEGIES FOR VISION RESCUE
B.W. Jones

Results: LIRD generates a rapid retinal degeneration with a
coherent onset in adult albino rodents that devolves to
discrete light damage (LD) and spared zones. LIRD also
rapidly triggers both phase 1-2 neuritogenesis in rod bipolar
cells as manifest by rapid dendrite extension into the outer
nuclear layer. Bipolar cell neuritogenesis correlates tightly
with the upregulation of retinoic acid receptor (RAR) and
retinoid X receptor (RXR) signaling elements, including
retinoic acid (RA) itself and the autoregulatory transcriptional
co-activator CRABP-II. Importantly, blockers of RA synthesis
and RXR/RAR antagonists attenuate and RA itself
exacerbates bipolar cell neuritogenesis. While this does not
prove that all neuritogenesis has RAR/RXR dependence, it
is consistent with both developmental and pathologic
neuritogenesis mechanisms in the CNS. In addition, the
glutamate signaling pathway shows major alterations in the
appearance of non-canonical OFF behavior in survivor rod
bipolar cells and the upregulation of GluR2 protein
expression in the outer retina, consistent with
neuroprotective responses. In the LD zone, all dendritic
signaling proteins are absent or reduced, consistent with
phase 3 dendrite truncation. The switch to OFF-like behavior
is consistent with the emergence of ionotropic GluRs such
as GluR2. The upregulation of GluR2 is also consistent with
decreased Ca levels and corresponding alterations in the α/β
ratio of CaMKII subunits. CaMKII, by pulldown assays,
displays RXR binding and thus may play a key role in the
RAR/RXR signaling pathway.

Ophthalmology, University of Utah, Salt Lake City, UT, USA
This presentation will review the history of retinal
remodeling, establishing a reference for the other speakers.
Retinal remodeling is a relatively new concept. Though the
vision community has been investigating retinal disease for
many years, the concept that retinas and their circuitries are
plastic in the adult, mature retina, is relatively recent. It
should also be worth noting that while our understanding of
retinal remodeling has come about through the study of
disease and injury, the question of how much plasticity
occurs in the normal retina remains unanswered. One might
have thought that the vision community would have
suspected retinal remodeling be present, but decades of
work in retinal degenerative disease missed the concept of
neuronal plasticity that was pioneered in the epilepsy and
learning and memory communities years before the vision
community arrived at the concept.
While a number of studies over the years had documented
varying degrees of neuronal loss from photoreceptors to
ganglion cells in various retinal degenerative diseases, the
concept of global plasticity was overlooked. There were
some early indications in the 1970's of remodeling events in
Salvelinus fontinalis (brook trout) from Wagner who
described alterations in synaptic connectivities in response
to the circadian cycle, but it was not until 1984 when Peichl
and Bolz described structural remodeling (sprouting) of
retinal neurons in response to pathological insults. 10 years
later, work began appearing irregularly describing other

Summary: Extrapolating from LIRD, neuritogenesis in retinal
degenerations is likely mediated by retinoid signaling, itself
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activated partly by reactive GluR modulation in response to
cell degeneration stress signals and changes in retinoid
trafficking. This opens the door for mechanism based control
of remodeling in retinitis pigmentosa via RAR/RXR
antagonists.

Previous
work
established
retinal
expression
of
Channelrhodopsin-2 (ChR2), an algal cation channel gated
by light, could be genetically targeted to restore physiological
and behavioral visual responses in otherwise blind rd1 mice.
However, developing a viable ChR2-based human therapy
must meet several key criteria:

COI/Financial disclosure: Robert E. Marc is a principal of
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1) ChR2 targeted expression must be cell-specific, robust,
and long-term,
2) ChR2 must provide long-term and continuous therapeutic
efficacy, and
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3) both viral vector delivery and ChR2 expression must be
safe.

NEW VIEWS OF ASTROCYTE AND MULLER CELL
REMODELING FOLLOWING INJURY INDUCED BY
EXPERIMENTAL RETINAL DETACHMENT

Here, we demonstrate the development of a clinically
relevant therapy for late stage retinal degeneration using
ChR2. We achieved specific and stable expression of ChR2
in ON bipolar cells using a recombinant adeno-associated
viral vector packaged in a tyrosine-mutated capsid. Targeted
expression lead to temporally precise ChR2-driven
electrophysiological ON responses in postsynaptic retinal
ganglion cells and significant improvement in visually guided
behavior for multiple models of blindness up to 10 months
post injection. Light levels to elicit visually guided behavioral
responses were within the physiological range of cone
photoreceptors. Finally, chronic ChR2 expression was nontoxic, with transgene biodistribution limited to the eye. No
measurable immune or inflammatory response was
observed following intraocular vector administration using.
Together, these data indicate that virally delivered ChR2 can
provide a viable and efficacious clinical therapy for
photoreceptor disease-related blindness. Currently, we are
using promoter-driven expression to introduce light-sensitive
genes into photoreceptor, retinal pigmented epithelial, and
bipolar ON cell types to improve complex vision in visually
impaired mice.

G.P. Lewis, G. Luna, S.K. Fisher
Neuroscience Research Institute, University of California,
Santa Barbara, Santa Barbara, CA, USA
Aims: Injury to the retina, whether it is induced by trauma or
disease, initiates remodeling of astrocytes and Muller cells.
Little is known, however, of the details of remodeling events
during photoreceptor degeneration in mammalian retina. It
was the goal of this study therefore to describe more
precisely the morphological changes of astrocytes and
determine the fate of dividing Muller cells following retinal
detachment.
Methods: To examine the fate of dividing Muller cells, a
single injection of BrdU was given intraocularly 3 days after
retinal detachment in the rabbit and the animals euthanized
over the course of 10 days. Immunocytochemistry and single
cell dye filling were used to study the morphological changes
of astrocytes in wild-type C57Bl/6J mice.
Results: At 3 days the nuclei of BrdU labeled Muller cells lie
in the INL. Twenty-four hours later, BrdU labeled nuclei are
found in the ONL where they undergo mitosis as evidenced
by phosphohistone H3 labeling. Subsequently, many Muller
cells appear binucleate. At 7 and 10 days after detachment,
some BrdU labeled nuclei are present in subretinal glial
scars. Many of the BrdU labeled cells that remain within the
retina continue to label with adult Muller cell markers
although some do not. Like Muller cells, astrocytes also
upregulate GFAP and hypertrophy following detachment. In
addition, they alter their contacts with blood vessels and
extend processes great distances into the retina.
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NETWORK DEFICIENCY EXACERBATES IMPAIRMENT
DURING RETINAL DEGENERATION
B. Sagdullaev
Ophthalmology and Neuroscience, Weill Medical College of
Cornell University, White Plains, NY, USA

Conclusions: These data suggest that cell division in Muller
cells results in 2 populations of cells: those that contribute to
subretinal glial scar formation and those that remain within
the retina in an apparent undifferentiated state. While the
functional consequences of the dramatic changes in
astrocytes are not known, the data show that detachment
affects the entire retina.

Neural oscillations play an important role in normal brain
activity, but also manifest during Parkinson's disease,
epilepsy, and other pathological conditions. The contribution
of these aberrant oscillations to the function of the surviving
brain remains unclear. In recording from retina in a mouse
model of retinal degeneration (RD), we found that the
incidence of oscillatory activity varied across different cell
classes, evidence that some retinal networks are more
affected by functional changes than others. This aberrant
activity was driven by an inhibitory amacrine cell oscillator.
By stimulating the surviving circuitry at different stages of the
neurodegenerative process, we found that this dystrophic
oscillator further compromises the function of the retina.
These findings directly demonstrate that synaptic noise,
which increases as inner retinal remodeling progresses in
RD, can exacerbate the visual deficit by reducing the ability
of surviving retina to transmit evoked signals. This noise is
likely to compromise responses not only from surviving
photoreceptors, but also those of ipRGCs, which receive
inputs from second-order neurons that are affected by RD.
This suggests that eliminating aberrant synaptic noise could
be a potential treatment in itself.
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OPTOGENETIC APPROACH TO ESTABLISHING LIGHT
SENSITIVITY IN THE INNER RETINA
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method based on high-resolution ultrasound speckle tracking
to obtain through-thickness strain maps of the posterior
sclera in porcine and human eyes.
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Methods: Porcine globes (n=5) were tested within 24 hours
postmortem while human globes (n=8) were tested within 72
hours postmortem. The posterior scleral shells were
dissected at about 2 mm posterior to the limbus and
mounted onto a custom-built pressurization chamber. A
high-frequency ultrasound system (Vevo660, VisualSonics
Inc., Toronto) was employed to acquire the radiofrequency
data during scans of the posterior pole along both
circumferential and meridian directions. The intraocular
pressure (IOP) was gradually increased from 5 to 45 mmHg.
The displacement fields within the sclera cross-section were
obtained from correlation-based ultrasound speckle tracking.
A least-square strain estimator was used to calculate the
strains in both axial and lateral directions. Theoretical
analysis and experimental validations were performed to
optimize the ultrasound speckle tracking method and
determine its accuracy in strain estimation.

GROWTH AND REMODELING OF THE LAMINA
CRIBROSA IN EARLY GLAUCOMA - A
COMPUTATIONAL STUDY
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Early experimental glaucoma studies have shown that the
lamina cribrosa (LC) remodels into a thicker, more posterior
structure which incorporates more connective tissue after
IOP elevation. The process by which this occurs is unknown.
We present a microstructure motivated growth and
remodeling (G&R) algorithm to explore a potential
mechanism of these structural changes. We hypothesize
that the mechanical strain experienced by the collagen fibrils
in the LC stimulates the G&R response. The G&R algorithm
controls collagen fibril synthesis/degradation and adapts the
residual strains between collagen fibrils and the surrounding
tissue to achieve biomechanical homeostasis. The G&R
algorithm was applied to a generic finite element model of
the human optic nerve head with uniform initial collagen
content throughout the tissues within the neural canal, and
allowed to achieve homeostasis at normal (15 mmHg) and
elevated IOPs (25 mmHg). At normal IOP, the G&R
algorithm created a LC-like structure that spanned the
scleral canal. At elevated IOP, the simulation remodeled the
LC as follows to maintain the hypothesized homeostatic
state:

Results: Both human and porcine sclera exhibited
significantly larger through-thickness compressive strains
than tangential tensile strains during IOP elevations. The
strains displayed heterogeneity through the thickness in both
human and porcine sclera. In porcine sclera, the strain
magnitudes increased nonlinearly with pressure increase
while a more linear trend was observed in human sclera.
The strains at 45 mmHg were significantly different
comparing the circumferential and meridian directions in
porcine sclera (P< 0.05), but no difference was observed in
human sclera. Experimental validation showed that the
ultrasound speckle tracking method was capable of tracking
displacements at the accuracy of sub-micron to micron.
Simulation experiments demonstrated excellent accuracy of
strain estimation in uniform axial and lateral compression or
stretch at 0.5-5% of strains. The method could also clearly
differentiate different levels of strains (1% vs 2%) simulated
in different layers of the sclera.

(i) 52% increase in collagen fibrils;
(ii) up to 2% increase in local residual strain;
(iii) 20% increase in LC volume;
(iv) 40% increase in LC thickness;
(v) inward migration of the anterior LC surface and
(vi) outward migration of the posterior LC surface that
resulted in further insertion of the LC into the pia mater.

Conclusions: A new experimental method based on
ultrasound speckle tracking has been developed and
validated for obtaining through-thickness strain maps of the
posterior sclera during IOP elevations. Age, postmortem
time, and species' differences in tissue composition and
microstructure may underline the observed difference in
mechanical responses between porcine and human sclera,
which should be verified in future studies.

The G&R simulation underscores the biomechanical need
for a LC at normal IOP. The numerical results suggest that
IOP elevation leads to LC thickening due to an increase in
collagen fibril mass, which is in good agreement with
experimental observations in early glaucoma monkey eyes.
This is the first study to demonstrate that a biomechanicallydriven G&R mechanism can lead to the LC thickening seen
in early glaucoma.
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STOCHASTIC MODELING TO DETERMINE WHEN AN
ATYPICAL RESPONSE TO IOP IS DUE TO ATYPICAL
OPTIC NERVE HEAD CHARACTERISTICS
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I.A. Sigal, J.L. Grimm
Ophthalmology, University of Pittsburgh, Pittsburgh, PA,
USA

HIGH RESOLUTION ULTRASOUND FOR THROUGHTHICKNESS STRAIN MAPPING OF POSTERIOR SCLERA
DURING IOP ELEVATION

Purpose: To test two related hypotheses of optic nerve
head (ONH) biomechanical response to intraocular pressure
(IOP): that typical ONH characteristics imply a typical
response to IOP, and that an atypical response to IOP must
be due to atypical ONH characteristics.
Methods: We generated 100,000 numerical ONH models
with randomly selected values but controlled distributions of
seven aspects of tissue geometry and mechanical
properties. For each model we predicted the lamina cribrosa
displacement and the scleral canal expansion produced by a
10 mmHg increase in IOP. An ONH characteristic was
typical if it was within the central 95% of the range. Similarly,

J. Liu, J. Tang
Department of Biomedical Engineering, Ohio State
University, Columbus, OH, USA
Background and aims: Scleral biomechanical properties
may be important factors underlying the pathogenesis and
progression risk of glaucoma. Recently, significant efforts
have been made to understand scleral mechanical
properties under physiological loadings and natural
configurations. The goal of this study is to develop a new
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the range of typical responses was the smallest region
encompassing 95% of the responses. For each model we
counted the number of characteristics on which it was
atypical, if any, and determined whether it had a typical
response.
Results: 1590 ONHs whose characteristics were all typical
had responses which were atypical (Figure 1a). 32777
ONHs had typical responses even when some characteristic
was atypical (Figure 1b).
Conclusions: We have disproven the hypotheses: ONHs
with several atypical characteristics can have a typical
response to IOP, and ONHs whose characteristics are all
typical can have an atypical response. These results
emphasize the complexity of ONH biomechanics, and the
need to interpret carefully experimental measurements of the
effects of IOP.
Support: Eye and Ear Foundation; RPB; NIH
P30EY008098.

weeks) trabeculectomy. OCT image quality was significantly
improved: 1) during acquisition by performing 9X signal
averaging and 2) after acquisition by removing shadow
artefacts and by increasing deep structure visibility. Each
pre-operative OCT volume was then manually segmented to
isolate the major tissue components of the ONH including
the peripapillary sclera and the lamina cribrosa (LC). An
OCT-based 3D tracking algorithm was developed to extract
IOP-induced 3D displacements at defined points of the
segmented volume for each patient. Finally, compressive
strains were derived from the displacements and mapped in
3D for each ONH.
Results: Following IOP lowering, we observed scleral canal
contraction in all ONHs (on average by 1.35% ± 0.83).
Contraction was associated with posterior movement of the
LC in 3 patients but anterior movement in the patient that
had the most curved LC. Finally, compressive strains in the
LC were reduced in 3 patients.
Conclusion: We demonstrate that ONH deformations are
detectable in vivo and that trabeculectomy can reduce
scleral canal size and relieve compressive strains in the LC.
Based on this work, we are now developing an inverse finite
element technique to extract the biomechanical properties of
all ONH tissues in vivo.
COI/Financial disclosure: Nothing to disclose
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BIOMECHANICS OF THE HUMAN SCLERA: EFFECTS OF
AGE AND GLAUCOMA
1

1

2

3

T.D. Nguyen , B. Coudrillier , J. Tian , H.A. Quigley
1

2

Mechanical Engineering, Biostatistics Consulting Center,
School of Public Health, Johns Hopkins University,
3
Glaucoma Center of Excellence, Wilmer Ophthalmological
Institute, Johns Hopkins University School of Medicine,
Baltimore, MD, USA
Aims: 1) To develop an in-vitro inflation method to
characterize the material properties of the human posterior
sclera. 2) To compare the effect of age on the scleral
material properties of non-glaucoma eyes. 3) To compare
the scleral material properties of age-matched non-glaucoma
eyes and glaucoma eyes with different stages of axonal
damage.

COI/Financial disclosure: Nothing to disclose
O315

Method: 35 specimens from 22 donors with no history of
glaucoma and 22 specimens from 11 donors with a history of
glaucoma were inflation tested in a series of pressurecontrolled load-unload tests to 30 mmHg. Optic nerve crosssections were qualitatively evaluated to determine the
degree of axon loss. Digital image correlation was used to
measure the displacements of the specimen surface. These
were used to calculate the circumferential and meridional
(anterior-posterior) strain components for the entire
specimen surface and the stress components for a region
between the optic nerve head and holder. Strains and
material parameters were compared between diagnosed
glaucoma and normal specimens using multivariate
analyses.

IN VIVO ASSESSMENT OF OPTIC NERVE HEAD
BIOMECHANICS
1

2

2

3

1

M.J. Girard , L. Zimmo , E.T. White , J.M. Mari , R. Ethier ,
2
N.G. Strouthidis
1

2

Bioengineering, Imperial College London, NIHR Biomedical
Sciences Centre, Moorfields Eye Hospital & UCL Institute of
3
Ophthalmology, London, INSERM 1032, Universite de
Lyon, Lyon, UK
Background and aims: Our aim is to develop engineering
tools to non-invasively measure all biomechanical
characteristics of a patient's optic nerve head (ONH) in vivo.
We believe this is a necessary first step that will allow us to
predict the development and progression of glaucoma. We
report here for the first time successful 3D deformation
mapping of the ONH in glaucoma patients.

Results: Among normal specimens, older age was
predictive of a thinner sclera (p=0.017) and a stiffer
response. A 3-fold increase in the circumferential stiffness
was observed between age 40 and 80 (p=0.0007).
Compared to normal eyes, age-matched glaucoma eyes had
a stiffer meridional strain response (p=0.007 and p=0.057,
for the comparison between normal and undamaged and
normal and damaged respectively). For normal specimens,
the meridional strains in the peripapillary region were on
average 1.34±0.76%, compared to 0.58±0.46% for

Methods: Three high-tension and one normal-tension
glaucoma patients underwent trabeculectomy to reduce IOP
by at least 5 mmHg. Each patient's ONH was non-invasively
imaged in 3D using optical coherence tomography (OCT;
Heidelberg Spectralis) before (< 5 days) and after (< 5
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undamaged glaucoma and 0.59±0.61% for damaged
glaucoma eyes. Glaucoma eyes were not significantly
different in material properties from normal eyes in the midposterior sclera.
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Conclusion: The posterior sclera of glaucoma eyes had a
different strain response in the peripapillary sclera
characterized by a stiffer meridional response. We are
developing a specimen-specific finite element model to
analyze more accurately the stress state in the peripapillary
sclera and determine the material properties of the tissues.
The observed differences in the biomechanical response of
normal and glaucoma sclera may represent baseline
properties that contribute to axon damage, or may be
characteristics that result from glaucomatous disease.

C. Belmonte

ALTERED FUNCTION OF CORNEAL NERVES UNDER
PATHOLOGICAL CONDITIONS

Instituto de Neurociencias de Alicante, Universidad Miguel
Hernandez -CSIC, San Juan de Alicante, Spain
The exposed surface of the eye is richly innervated by
sensory nerve fibers originated at trigeminal ganglion
neurons. They reach the cornea and bulbar conjunctiva as
thin myelinated or unmyelinated nerve fibers lacking of
morphological
terminal
specialization.
However,
electrophysiological studies have shown that sensory
neurons innervating the eye are functionally heterogeneous.
Based upon their response to specific stimuli, different
functional types of sensory nerve fibers have been identified
in the cornea and bulbar conjunctiva. Mechanonociceptor
fibers (~20% of the total) react only to mechanical forces;
polymodal nociceptor fibers (~70%) respond to mechanical
forces but also to heat, exogenous chemical irritants and
endogenous inflammatory mediators. Cold-sensitive fibers
(~10-15%) display an ongoing impulse activity at basal
corneal temperatures and increase markedly their firing
frequency with moderate cooling. Differences in transduction
capacity among ocular sensory fibers are attributable to the
variable expression of different types of transduction
channels. Stimulation of the different functional populations
of nerve fibers of the ocular surface in humans evokes a
specific quality of sensation that includes a variable
component of unpleasantness. In addition to their role in the
production of conscious innocuous and noxious sensations
referred to the eye surface, sensory fibers appear to play a
role in the maintenance of the ocular surface homeostasis,
including basal and reflex modulation of tearing and trophic
maintenance of corneal and conjunctival tissues. Under
pathological conditions (inflammation, surgical injury,
dryness of the ocular surface) activity of ocular sensory
nerve fibers changes markedly as the result of short-term
changes in ion channel expression secondary to local
release of inflammatory agents and growth factors, and of
long-lasting modifications in gene expression. This leads to
the development of spontaneous activity and of abnormal
responsiveness to natural stimuli. The relationship between
activation of the different classes of ocular surface sensory
fibers under normal and pathological conditions, the quality
of the experienced sensation in humans and the
disturbances in tearing, blinking and ocular surface trophism
are now being elucidated.
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PRESSURE INDUCED CHANGES IN HUMAN LAMINA
CRIBROSA (LC) ASSESSED BY SECOND HARMONIC
GENERATION
D. Brown, K. Reid, B. Jester
Gavin Herbert Eye Institute, University of California, Irvine,
CA, USA
Purpose: To identify the changes in the collagen structure of
the LC subjected to an elevation of intra-ocular pressures
(IOP).
Methods: Pairs of eyes from the same individual were fixed
under defined pressures by perfusion with 3.2%
paraformaldehyde in PBS. Following fixation, the optic nerve
head (ONH) and surrounding sclera, was excised and
embedded in LR-White resin. The tissue was serially
sectioned and each 2um section was collected onto slides.
Sections were imaged using a Zeiss 510 Meta SLM
equipped with a Ti:Sapphire laser tuned to 820nm. Second
harmonic generated signals (SHG, 410nm) and two photon
excited fluorescence. Images were collected with a lateral
resolution of 0.44um at 2um intervals. Amira 5.4.0 was used
to align the z-stack, and render the image in 3-D. The
anterior laminar surface of each eye was landmarked and
the surface area was extrapolated and recorded.
Results: This method allowed visualization of the laminar
beams traversing the scleral canal opening and facilitated
demarcation of the anterior laminar surface. When pairs of
eyes fixed at 2 distinct pressures were compared, those
fixed at 15mm Hg showed a surface area of 2.95 +/- 0.07
2
mm while those fixed at 50mm Hg showed a significant
2
increase in surface area (3.38+/-0.05 mm , P< 0.05).
Conversely, pairs of eyes fixed at the same pressure
showed a surface area variance of only approximately 4
percent.

Supported by grants BFU2005-08741 and CONSOLIDERINGENIO 2010 CSD2007-00023 from the Government of
Spain.
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Conclusions: Increasing IOP leads to an increase in the
anterior surface area of the LC. Visualization of the 3D
surface area demonstrates that these increases are
accomplished by both expansion of the scleral canal and
deformation of the laminar beams. Interestingly, both the
canal expansion and the posterior deformation of the laminar
beams are most pronounced in the superior and inferior
quadrants with little change in the nasal and temporal
quadrants.

IMAGING OF THE SUBEPITHELIAL NERVE PLEXUS IN
NEUROPATIC PATIENTS
R.F. Guthoff
Ophthalmology, Unversity of Rostock, Rostock, Germany
Background and aims: to study the subbasal nerve plexus
(SNP) alterations and corneal sensation in healthy
volunteers and subjects with peripheral diabetic neuropathy
(PDN) and to evaluate these findings with changes in
diabetic retinopathy.

COI/Financial disclosure: Supported by NIH EY019719,
RPB, Discovery Eye Foundation

Methods: in vivo confocal microscopy was performed
unilaterally in a central cornea of healthy volunteers, patients
with recently diagnosed type 2 diabetes as well as diabetic
108

patients with PDN. An in-house developed automated
algorithm for image analysis was used to quantify the
morphological quantities of SNP. These parameters were
correlated to findings of peripheral neuropathy (neurologic
disability and symptom scores), stage of diabetic retinopathy
and corneal sensation (Cochet-Bonnet esthesiometer).

Three representative images of the central corneal subbasal
nerve plexus were selected for analysis. Total number of
nerves, total nerve length, main nerve trunks and their
branches were assessed by two masked observers.
Results: At baseline, patients with DES demonstrated a
significant decrease of the corneal subbasal nerve plexus as
compared to the control group (1797.5±305.2 vs.
3652.8±596.3; p< 0.0001). After using the AS for 6 months,
significant increase in the corneal subbasal nerve plexus
was found: Total number of nerves (9.2±1.7 vs. 16.7±2.5;
p=0.023),
total
nerve
length
(1797.5±305.2
vs.
3060.4±302.6; p=0.008), main nerve trunk length
(815.6±143.8 vs. 1221.8±100.8; p=0.03) and number of
branches (6.9±1.4 vs. 13.5±2.5; p=0.03). An improvement of
symptoms was also significant.

Results: Automated morphological and topological
quantification algorithm allows the reliable analysis of SNP
structures. The main SNP parameters (nerve fiber density,
total fiber length, number of nerve branches) as well as
corneal sensation were significantly reduced in diabetic
group with respect to the level of PDN. There was found no
difference in SNP morphology or corneal sensation in the
subgroups with and without diabetic retinopathy in the
presence of moderate till severe PDN.
Conclusions: The conducted study allows to use corneal
SNP quantities in diabetes as well as pre-diabetes patients
as an early marker for DN. As expected, SNP parameters
were significantly reduced in patients with diabetic
neuropathy. Astonishingly there was found no difference of
SNP morphology in the subgroups with and without diabetic
retinopathy in the presence of diabetic neuropathy. The
applied diagnostic technology has the potential to detect
nerve damage at early stages of the disease and to establish
clinical end-user instrumentation for non-invasive diagnosis
and follow-up.

Conclusions: Corneal nerves participate in the maintenance
of ocular surface health and homeostasis. In severe DES
unresponsive to maximal conventional therapy, there is a
significant reduction of the corneal subbasal nerve plexus.
AS is an effective treatment as coadjuvant therapy in severe
DES contributing in the regeneration of the corneal subbasal
nerve plexus.
COI/Financial disclosure: Nothing to disclose
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SUBSTANCE P AND IGF-1 FOR THE TREATMENT OF
NEUROTROPHIC KERATOPATHY: BENCH TO BEDSIDE
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T. Nishida
CORNEAL NERVE REGENERATION WITH
AUTOLOGOUS SERUM EYE DROPS IN TREATMENT OF
SEVERE DRY EYE SYNDROME

Yamaguchi University, Yamaguchi, Japan
Neurotrophic keratopathy is a degenerative condition of
corneal epithelium caused by the impairment of the
trigeminal nerve. The clinical entity of neurotrophic
keratopathy has been recognized since Magendie (1824).
Until now, however, only available treatments are supportive
for the promotion of corneal epithelial wound healing.
Because of the difficulty of the active regeneration of
trigeminal nerve with currently available drugs or technology,
no definitive therapeutic approaches have been established.

A. Cruzat, B. Cavalcanti, C. Williams, M. Trinidad, R. Dana,
P. Hamrah
Ophthalmology, Massachusetts Eye and Ear Infirmary,
Harvard Medical School, Boston, MA, USA
Background: Dry eye syndrome (DES) could become a
debilitating condition when severe and unresponsive to
treatment. The etiologies may include low tear production,
evaporative mechanisms, autoimmune disease, postinfectious keratitis, neurotrophic keratopathy (NTK), corneal
surgeries, amongst others. Patients with DES have been
shown to have decreased corneal nerves. Lack of corneal
innervation is accompanied by decreased release of sensory
neuromediators, decreased tear production and decreased
blink rate. The standard treatment regimen for DES includes
topical artificial tears, anti-inflammatory therapy, and punctal
occlusion. Autologous serum (AS) drops have been used
successfully for treatment of NTK and it has been
hypothesized that they contain neurotrophic factors capable
of healing the corneal surface and restoring epithelial
integrity.

Substance P is the primary sensory neurotransmitter and the
presence of substance P in the trigeminal nerve and nerve
fibers within the cornea has been well documented. To
understand the physiological roles of substance P in the
maintenance and repair process of the corneal epithelium,
we has been investigating the effects of substance P on the
corneal epithelium with hope for the development of any new
active therapeutic measures for the treatment of corneal
epithelial lesions in neurotrophic keratopathy.
In the laboratory, we found that substance P and IGF-1
synergistically stimulate the epithelial migration using the
organ culture system of the rabbit cornea. This synergism
depends on the concentration of each other. Substance P
plus IGF-1 up-regulated the expression of integrin α5 and
the phosphorylation of FAK (focal adhesion kinase) and
paxillin in the SV40-transformed human corneal epithelial
cells.

Purpose: To evaluate the effect of AS drops on the corneal
subbasal nerve plexus for the treatment of severe DES.
Methods: 57 patients with severe DES, unresponsive to
maximal conventional therapy were treated with 20% AS eye
drops 6-8 times/day for a mean follow-up time of 6.3±4.1
months (range 2.1-15.9 months). The diagnosis of the
patients included: 26 mixed DES, 8 evaporative DES, 5
Sjögren syndrome, 5 neurotrophic keratopathy secondary to
herpetic keratitis and 13 graft-versus-host disease patients.
25 normal healthy volunteers constituted the control group.
Laser in-vivo confocal microscopy (IVCM) with the
Heidelberg Retina Tomograph 3/Rostock Cornea Module
was performed at baseline and every three months
thereafter. One eye was randomly selected for analysis.

Under the in vivo condition, administration of eye drops
containing substance P plus IGF-1 facilitated corneal
epithelial wound closure in normal rabbits, and in rat model
of neurotrophic keratopathy induced by capsaicin or by
thermocoagulation. To translate those laboratory findings to
clinical setting, we explored the minimum essential amino
acids sequence of substance P and IGF-1, so that we could
eliminate any possible undesirable biological actions of
those agents. FGLM-amide, 4 amino acids sequence at the
C-terminus of substance P and SSSR at C-domain of IFG-1
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are found to be the minimal essential amino acid sequence
for the synergism.

Background: Vascular endothelial growth factor (VEGF)
has been shown to be a potent stimulator of nerve survival
and growth in both the peripheral and central nervous
systems. We examined the role of VEGF in mediating
corneal repair.

Based on those laboratory works, we have administered the
eye drops containing FGLM-amide plus IGF-1 or FGLMamide plus SSSR to treat the persistence epithelial defects
of the cornea in neurotrophic keratopathy. Both eye drops
were found clinically effective to resurface the epithelial
defects which persisted at least more than 1 week with
conventional supportive treatment regimen. No serious
adverse effects were observed. In Japan, the multicenter
double masked clinical trial is now ongoing.

Methods: The potential for VEGF stimulated nerve
outgrowth was measured in isolated trigeminal neurons in
vitro. Inhibitors of VEGF receptors were used to determine
the receptor(s) responsible for any VEGF effects. VEGF was
administered to the cornea via intrastromal VEGF containing
pellets or subconjunctivally. The effect of exogenously
applied VEGF was measured in the intact cornea and after
superficial corneal debridement. After injury, the effects of
VEGF on corneal sensation and re-epithelialization were
measured.
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Results: Trigeminal neuronal outgrowth is stimulated by
VEGF in a dose-dependent manner. The use of neutralizing
antibodies and kinase inhibitors demonstrated that VEGF
receptor-1 and -2, as well as neuropilin-1 mediate VEGF
signaling in the responsive trigeminal neurons. The
administration of VEGF to the intact cornea did not cause a
significant alteration in corneal nerve density. In contrast, the
sub-basal nerve plexus of the debrided cornea regenerated
more quickly in the presence of VEGF. A more rapid return
of corneal sensation and re-epithelialization was also seen in
the VEGF treated animals. No angiogenesis was observed
in VEGF treated animals.

NEURAL REGULATION OF CORNEAL EPITHELIAL
CELLS
A. Sahin
Ophthalmology, Eskisehir Osmangazi University, Eskisehir,
Turkey
The cornea is a highly organized transparent tissue without
any vessels to feed or protect it against pathogens. It
receives its nourishment from the air and aqueous humor.
The corneal tissue consists 5 layers namely epithelium,
Bowman's layer, stroma, Descemet's membrane, and
endothelium. The outermost layer, epithelium, is composed
of nonkeratinized, stratified squamous epithelial cells. It has
important functions including an unusually efficient
mechanical barrier to the entry of microorganisms into the
stroma, nutrition and metabolic interaction with the stroma,
and providing surface smoothness for optical clarity. Since
corneal epithelium is directly exposed to external
environment, it is armed with an active continuance system
for renewal of itself. One of the most important parts of this
self-renewal system is corneal innervation. The human
cornea is the most densely innervated tissue in the body.
Corneal nerves release certain trophic substances
[substance P, vasoactive intestinal peptide (VIP), insulin like
growth factor-1 (IGF*1), nerve growth factor (NGF)] that
promote corneal epithelial homeostasis. They also activate
brainstem pathways that stimulate reflex tear production and
blinking. The loss of corneal sensation, which is frequently
seen in patients infected with herpes simplex or zoster
viruses, and diabetes mellitus, often results in persistant
epithelial defects. Corneal epithelial homeostasis is
physiologically controlled by a tight regulation of apoptosis
and proliferation. It is known that these neuropeptides
influence corneal cell proliferation. Corneal epithelial cell
mitosis has been shown to be altered in denervated corneas.
Denervation has a deleterious effect on the apoptosis,
permeability and wound healing of corneal epithelial cells.
After sensory denervation, an inflammatory response ensues
due to loss of epithelial homeostasis and superficial
epithelial cells start losing their tight junctions and attach
weakly to each other. These various observations implicate
the importance of neural regulation in maintenance and
repair of the corneal epithelium.

Conclusions: VEGF has a role in mediating corneal nerve
repair. VEGF appears to effect primarily regenerating
neurons. A concomitant increase in neural sensation and
epithelial wound healing is seen with VEGF-mediated
corneal nerve repair.
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THE SPECTRIN-ACTIN MEMBRANE SKELETON AND
BEADED FILAMENT CYTOSKELETON SYNERGIZE TO
CONTROL THE TRANSPARENCY AND MECHANICAL
STIFFNESS OF THE MOUSE LENS
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Cell Biology, The Scripps Research Institute, La Jolla,
Bioengineering, University of California, San Diego, San
3
Diego, CA, Biological Structure, University of Washington,
Seattle, WA, USA
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Lens fiber cells have a sophisticated 3D architecture and
biochemical composition that provide optical clarity and
mechanical resilience. Lens fiber cells contain both a
spectrin-actin membrane skeleton (similar to red blood cells)
and a specialized beaded filament (filensin/CP49)
cytoskeleton. Recently, we showed that loss of the actincapping protein tropomodulin1 (Tmod1) disrupts the
spectrin-actin network in a CP49-null background, leading to
fiber cells with abnormal shapes and organization. To
explore the functional relationships between beaded
filaments and the spectrin-actin network, we studied lens
transparency, fiber cell organization, and lens stiffness in
mouse lenses lacking Tmod1, CP49, or both. In agreement
with previous studies, slit lamp analysis shows that lenses
lacking CP49 exhibit subtle opacity that worsens with age.
This is exacerbated by simultaneous deletion of Tmod1, due
to increased variance in light scattering across the lens
diameter. However, lenses lacking only Tmod1 are
transparent and indistinguishable from wild-type lenses.
Similarly, quantitative analysis of lens fiber cell organization
in equatorial cryosections indicates that fiber cell disorder is
worse in Tmod1/CP49 double-null lenses than in lenses
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MECHANISMS OF VEGF-MEDIATED CORNEAL NERVE
REGENERATION
M. Rosenblatt, Z. Pan, S. Fukuoka, N. Karagianni
Ophthalmology, Weill Cornell Medical College, New York,
NY, USA
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lacking only Tmod1 or CP49. Biomechanical compression
testing to measure equilibrium load shows that CP49-null
lenses bear similar load as wild-type lenses at low (< 5%)
compression, but 40% less load at 20% compression.
Simultaneous deletion of Tmod1 results in ~30% reduction in
load at low (0-5%) compression but no additional decrease
at higher compression amplitude as compared to the CP49null lenses. Thus, we conclude that a Tmod1-stabilized
spectrin-actin network contributes to lens stiffness at low
compression, while beaded filaments contribute to lens
stiffness at higher compression. In addition, both the
spectrin-actin membrane skeleton and beaded filament
cytoskeleton influence fiber cell morphology and
organization, which may explain their synergistic effects on
lens transparency.
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THE N-CADHERIN CYTOSKELETON AXIS IN LENS
MORPHOGENESIS
1

1

Among the cadherins, N-cadherin junctions are unique for
their ability to generate mechanical forces. We investigated
whether their function in fiber cell elongation and stabilization
of lens cytoarchitecture was governed by their interactions
with different cytoskeletal elements. Previously, we showed
that by recruiting actin nucleators, N-cadherin junctions
became epicenters for assembly of the cortical actin
filaments that drive fiber cell elongation. Our studies now
reveal that N-cadherin junctions are a focal point for
integrating multiple cytoskeletal inputs with distinct roles in
different aspects of lens fiber cell differentiation. One
important component of these junctions is myosin II, a
molecular motor that provides force generation to
microfilament-based cell motility, and the association with its
active form (phosphomyosin) occurs specifically in
elongating fiber cells. Unexpectedly, tubulin, the principal
protein component of microtubules, themselves cytoskeletal
determinants of directional, polarized movement, also was
complexed to N-cadherin junctions in these elongating fiber
cells. Microtubules, N-cadherin/β-catenin junctions and actin
filaments were all highly concentrated in the protrusive tips
of elongating fiber cells. Other cytoskeletal filaments that first
become associated with N-cadherin during fiber cell
elongation were different in that they maintained their linkage
to N-cadherin in fiber cells after they mature, suggesting a
role distinct from elongation. Importantly these cytoskeletal
elements were ones associated with structural stability. One
was the actin-binding protein spectrin, a molecule that
supports lens fiber cell hexagonal-packed membrane
structure. Also linked to N-cadherin junctions in mature fiber
cells were the intermediate filament proteins vimentin,
filensin and CP49, which were found responsible for
stabilizing N-cadherin junctions in the membrane. Through
their linkage to structurally stable cytoskeletal filaments Ncadherin junctions were implicated as determinants of lens
membrane cytoarchitecture. These results provide insight
into the mechanism by which cytoskeletal elements
coordinate their function to regulate fiber cell elongation and
stabilize the cytoarchitecture for lens morphogenesis.
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SHAPE, FORM AND FUNCTION PERFECTED IN THE
EYE LENS
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Cell shape and tissue geometry are fused together to deliver
the optical function of the eye lens. Whether it is
honeycombs or soap bubbles, it is apparently the simple
laws of physics that dictate shape through the principle of
energy minimalisation. The compound eye and the marginal
wing disc of the fly are held up as prime facia examples of
this principle, but are applied only to single cell layered
epithelia. They adopt a characteristic cobblestone
appearance by attaining the optimal cellular packing
arrangement. Whilst this might provide an explanation for the
packing of epithelial cells in these epithelia, forming a 3dimensional eye lens derived from such an epithelium is
quite a different challenge in terms of cell packing that is a
significant computational challenge to model effectively.
Whether the organisation of the lens epithelium is due to the
viscoelastic properties of the cellular cytoskeleton (Hayashi
and Carthew, 2004), or due to cell division mechanisms
(Gibson et al 2006) remains to be fully elucidated. Just how
form and function may be intertwined with the specific
cytoskeletal derivations is beginning to be apparent as we
scale the problem from individual lens fibre cells, a few
microns in cross-section, to that of the lens, millimeters even
centimeters in diameter. The Bfsp2 knockout mouse
(Sandilands et al., 2003), identified a new lens phenotype
where its optical properties were compromised whilst the
lens remained relatively transparent. This illustrates the
importance of the beaded filament cytoskeleton to lens
function by modifying lens fibre cell shape. We present our
current analysis of the the beaded filaments and how
structure, and potentially, function is adjusted by important
modifications to their sequence. By characterising beaded
filament orthologues and correlating these to lens shape and
function in different vertebrates we will present a multiscale
analysis of lens form and function.
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CONNEXIN 50 PROMOTES LENS CELL
DIFFERENTIATION THROUGH ITS DIRECT
INTERACTION WITH CELL CYCLE REGULATOR, A
CHANNEL-INDEPENDENT ROLE
J. Jiang, S. Qian
Biochemistry, University of Texas Health Science Center,
San Antonio, TX, USA
Background and aims: Connexins and their forming
channels are known to play important roles in lens cell
growth and differentiation. However, the underlying
mechanism is largely unknown.
Methods: Immunoprecipitation was performed with lysates
isolated from primary chick lens cells using anti-Cx50 or antiFLAG antibody. Cell cycle was analyzed using flow
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cytometry. Intracellular localization was determined with
immunofluorescence and subcellular fractionation.
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Results: We showed that connexin (Cx) 50 directly
interacted with E3 ubiquitin ligase, an S phase kinase protein
2 (Skp2) for p27, and mutation of Val-362 residue involved in
the role of Cx50 in lens differentiation attenuated this
interaction. The interaction of these two proteins was
confirmed using protein-protein docking simulation modeling.
Cx50 decreased cell cycle progression associated with
increased expression of cyclin-dependent kinase inhibitor
p27 and increased lens cell differentiation. These effects by
Cx50 on lens cell proliferation and differentiation were
modulated by Skp2; attenuated by up-regulating Skp2 and
augmented by down-regulating Skp2. Cx50 retained Skp2
from nuclei to cytosol, but Cx50(V362E) mutant as well as
the other two lens connexins did not have such effect.
Interaction with Cx50 appeared to hinder the nuclear
targeting domain of Skp2, thereby preventing its nuclear
translocation. Furthermore, Cx50 increased ubiquitination
and subsequent degradation of Skp2, while the opposite
effect was observed for p27.

Epithelial invagination is an essential feature of
embryogenesis. Here, we address mechanisms of this
poorly understood process using the early developing
vertebrate lens as a model system. We show that there are
essential intrinsic and extrinsic components to epithelial
invagination. For the intrinsic component, we show the
involvement of the small Rho GTPases Rac1 and RhoA.
Using lens-specific conditional mutants for RhoA and Rac1
combined with analysis of cell shape and quantification of
RhoA and Rac1-dependent pathway markers, we show that
mutual antagonism produces balanced activities of RhoAgenerated apical constriction and Rac1-dependent cell
elongation that controls cell shape and thus curvature of the
invaginating epithelium. We also show that the apical
constriction of lens epithelial cells is dependent on Shroom3,
a molecule previously associated with apical constriction of
the neural plate. Shroom3 is proven to be required for the
apical localization of the contractile complex of F-actin,
myosin II, and Vasp. In addition, we show that RhoA activity
is required for Shroom3-induced apical constriction, and that
RhoA plays a key role in Shroom3 apical localization.
Furthermore, we identify the guanine-nucleotide exchange
factor Trio as an upstream regulator of RhoA required for
Shroom3-dependent apical constriction in MDCK cells and in
the lens pit. This has indicated that a Trio-RhoA-Shroom3
pathway is required for apical constriction during lens pit
invagination. Interestingly, we show that the expression of
Shroom3 is dependent on the crucial lens-induction
transcription factor Pax6, thus providing a previously missing
link
between
lens-induction
pathways
and
the
morphogenesis machinery.

Conclusions: Our results suggest that interaction with Cx50
retains Skp2 in the cysosol and consequently stabilizes p27,
leading to exit of cell cycle and initiation of lens cell
differentiation. Therefore, the direct interaction and cytosolic
retention of cell cycle modulator, Skp2, provides a novel
mechanism for the role of Cx50 in regulating lens cell growth
and differentiation.
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GENETIC ANALYSIS OF FGF AND CYTOSKELETON
SIGNALING IN LENS DEVELOPMENT
X. Zhang
Medical and Molecular Genetics, Indiana University School
of Medicine, Indianapolis, IN, USA
Lens development requires a precise coordination of cell
proliferation, differentiation and migration regulated by
multiple
signaling
events.
Genetic
studies
have
demonstrated that this elaborate process can be blocked by
deletion of FGF receptors, suggesting a critical role of FGF
signaling in lens cell differentiation and motility. Our previous
studies have shown that Shp2-Ras signaling is a
downstream component of FGF signaling in lens
development, but the exact mechanism by which FGF
signaling regulates the lens cell motility and morphology is
still unknown. In this talk, I will present our latest studies in
dissecting the intracellular network stimulated by FGF in lens
development. Our studies suggest that FGF signaling plays
an important role in regulating the cytoskeletal dynamics of
lens cells.

For the extrinsic component, we show that Cdc42-dependent
F-actin-rich filopodia link the presumptive lens and retina
epithelia and function as physical tethers that coordinate
invagination. The filopodia, mostly originating in the
presumptive lens, form at E9.5 when presumptive lens and
retina are in close apposition and retract by E11.5 when
invagination is complete. Formation of filopodia is dependent
on the Rho family GTPase Cdc42 and the Cdc42 effector
IRSp53. Loss of these filopodia results in reduced lens pit
invagination. A key finding is that pharmacological
manipulation of the actin-myosin contraction pathway
showed the filopodia to respond rapidly in length and hence
change the inter-epithelial distance. These data suggest the
inter-epithelial filopodia are a fine-tuning mechanism to
assist in lens pit invagination.
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INVAGINATION MORPHOGENESIS USING THE LENS AS
A MODEL SYSTEM
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EPIGENETIC HURDLES TO CROSS TO FULLY REALIZE
A NEUROPROTECTIVE STRATEGY FOR RETINAL
GANGLION CELLS
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Retinal ganglion cell apoptosis can be blocked by impairing
the normal function of the pro-apoptotic Bax gene. Baxdeficient cells survive indefinitely, even after acute optic
nerve damage. This intervention of the cell death program,
however, is not sufficient to ensure normal cell function.
Surviving somas typically have lost their axon, and
undergone dramatic atrophy of the cell body, nucleus, and
dendritic arbor. Additionally, these cells alter chromatin
conformation leading to the silencing of normal gene
expression. As a result, surviving ganglion cells exhibit little
or no similarity to a healthy functioning neuron, and have
minimal capacity to mount a regenerative response. An
important mechanism leading to this state of quiescence is
the wide-spread deacetylation of histones in ganglion cell
nuclei. In both acute and chronic (i.e., spontaneous
glaucoma) mouse models of optic nerve damage,
deacetylation and cell death is associated with the nuclear
localization of Histone Deacetylase 3 (HDAC3). Treatment of
mice with broad spectrum HDAC inhibitors appears to
attenuate the silencing of the expression of at least some
genes, and also provides a modest protective environment.
This protective effect is limited to the cell soma, and may be
related to preserving normal gene expression. However, a
side-effect of HDAC inhbitors is the up-regulation of antiapoptotic gene expression, inlcuding BclX in ganglion cells.
Experiments to directly examine the role of Hdac3 on
ganglion cell death are ongoing.

O332
PROTEIN ACETYLATION AND RETINAL
DEGENERATION
C. Crosson
Ophthalmology, Medical University of South Carolina,
Charleston, SC, USA
Purpose: The dysregulation of protein acetylation is an
integral
event
in
the
pathogenesis
of
several
neurodegenerative diseases. The current studies investigate
how protein acetylation changes following ischemic or ocular
hypertensive injury to the retina, and if reversal of these
changes can limit retinal degeneration in animal models.
Methods: For retinal ischemic studies, intraocular pressure
(IOP) was elevated to 160 mm Hg for 45 minutes in Brown
Norway rats. For ocular hypertensive studies, chronic
elevation in IOP was induced unilaterally in Brown Norway
rats by hypertonic saline injection. Morphometric and
electroretinogram (ERG) analyses were used to assess
differences in retinal structure and function following injury.
Protein acetylation, histone deacetylase (HDAC) expression
were evaluated by Western blot analysis
Results: In these studies, both retinal ischemia and ocular
hypertension produced relatively rapid reduction in retinal
protein acetylation. This reduction in acetylation was
associated with an increase in HDAC activity and preceded
caspase 3 acttivation . ERG a- and b-waves from ischemic
eyes were significantly reduced compared to contralateral
control responses by 46.3% and 67.4%, respectively.
Histologic examination of these eyes demonstrated
extensive degeneration of the ganglion cell and inner
plexiform layers. In rats treated HDAC inhibitor to reverse
retinal hypoacetylation, prevented capase 3 activation, ERG
a- and b-waves from ischemic eyes were significantly
increased, and normal inner retina morphology was
preserved.
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NEUROPROTECTIVE STRATEGIES FOR PREVENTING
RETINAL GANGLION CELL DEATH
S. Chintala
Eye Research Institute, Oakland University, Rochester, MI,
USA
Irreversible loss of retinal ganglion cells (RGCs) is a
common phenomenon in optic nerve diseases such as
Primary Open-Angle Glaucoma (POAG). Although the
factors contributing to RGC loss in POAG are poorly
understood, elevated intraocular pressure (IOP) has been
suggested to play a major role. Nevertheless, the
mechanisms leading to IOP-mediated RGC loss are still
unclear. A variety of mechanisms, including retinal ischemia,
down regulation of glutamate transporters, and excitotoxicity
have been proposed to play a role in RGC loss. However,
the molecular mechanisms that lead to RGC loss are still
poorly understood. By using an animal model of retinal
excitotoxicity, we recently reported that an up-regulation in
extracellular matrix (ECM)-degrading proteases matrix
metalloprotease-9
(MMP-9),
urokinase
plasminogen
activator (uPA), and tissue plasminogen activator (tPA)
directly promotes RGC loss. We have also found that
reactive astrocytes synthesize MMP-9 and uPA, degrade the
ECM associated with inner limiting membrane, and promote
detachment-induced apoptosis of RGCs, while RGCs
undergoing apoptosis secrete tPA into the ECM and further
exacerbate retinal damage. Since reactive astrocytes initiate
RGC loss by producing elevated levels of proteases, we
investigated whether inhibition of protease activity or
inhibition of reactive gliosis attenuates excitotoxicitymediated RGC loss. We now show that both inhibition of
protease activity and inhibition of reactive gliosis prevent
excitotoxicity-mediated RGC loss. In conclusion, our results
suggest that protease-based therapeutic approaches may
prevent apoptosis of RGCs in retinal degenerative diseases
such as POAG.

Conclusions: These studies provide evidence that
hypoacetylation is an early event in retinal degeneration. The
administration of histone deacetylase inhibitors and the
resulting hyper-acetylation of retina proteins can protect the
retina from ischemic injury. These studies provide a rational
basis for development of HDAC inhibitors in the treatment of
retinal degenerations.
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THE NEUROPROTECTIVE MECHANISM OF CNTF
C. Barnstable, D. Lapp, S. Zhang
Neural and Behavioral Sciences, Penn State College of
Medicine, Hershey, PA, USA
Background and aims: CNTF, LIF and other members of
the IL-6 family of cytokines are potent neuroprotective
factors for ganglion cells, and many other neuronal and glial
cell types. The goal of this study was to investigate the
mechanism by which CNTF exerts its action.
Methods: Retinal explants and glial cell cultures were
produced by standard methods. Purified retinal ganglion cell
cultures were generated by a two-step panning method.
STAT3 and activated STAT3 levels were determined by
western blot. UCP@ expression was determined by rtPCR
and western blot. Mitochodrial functions were determined
using specific fluorescent dyes and analyzing cells either by
flow cytometry of by use of a fluorescence plate reader.
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MMP-3 by 75 and 300%, respectively, which was
significantly (P< 0.05) inhibited in the presence of SNC-121.

Results: CNTF activates several signal pathways, the major
pathway being STAT3. We tested whether STAT3 was an
important protective molecule by introducing active forms of
the molecule into cells or explants by infection with
adenovirus constructs. Cells, including isolated ganglion
cells, with activated STAT3 were far more able to withstand
toxic insults than control cells.

In conclusion, these data provide evidence that
enhancement of δ-opioidergic-receptor activity by an
exogenous ligand provides retina neuroprotection against
glaucomatous injury. Mechanistic data provide clues that
TNF-α is produced in early phase of injury and may lead to
activation of phsopho-p38 MAP kinase and production of
MMP-1 and MMP-3. These findings support the idea that
enhancement of δ-opioidergic activity in the eye may present
a viable neuroprotective strategy for the treatment of
glaucoma.

By comparing the cell death in the ganglion cell layer in wild
type and UCP2-overexpressing transgenic mice we have
suggested that activation of UCP2 in mitochondria may
reduce a cell's susceptibility to toxic insults.
We then tested the hypothesis that one of the mechanisms
by which CNTF is neuroprotective is by activating UCP2.
CNTF/LIF caused a reduction in mitochondrial membrane
potential and prevented the H2O2-induced rise in ROS.
CNTF/LIF induced an increase in the RNA for UCP2, and
this increase was blocked by the JAK2/STAT3 inhibitor
AG490. Similarly, AG490 treatment led to a reduction in
UCP2 protein levels.
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FRATAXIN OVEREXPRESSION IN RETINAL MÜLLER
CELLS INCREASES NEURONAL SURVIVAL AFTER
ACUTE RETINAL ISCHEMIA/REPERFUSION IN THE
MOUSE IN VIVO

Conclusions: CNTF and related cytokines are potent
neuroprotective agents that exert much of their action
through STAT3. One of these actions appears to be a
modulation of mitochondrial function through alteration of
UCP2 levels. In addition to reducing ROS production it is
likely that this action also reduces the probability that
mitochondria will initiate an apoptotic cascade. Our
developmental studies suggest that UCP2 may also play a
regulatory role in developmental cell death and opens up the
possibility that extrinsic factors can regulate this by actions
on this mitochondrial protein.
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The mitochondrial protein frataxin is a chaperone involved in
assembly of iron-sulfur clusters in the mitochondria. It was
shown to activate mitochondrial energy conversion and
oxidative phosphorylation. Frataxin increases antioxidant
capability and resistance to oxidative stress. Transient
ischemia of the retina results in functional, biochemical and
morphological changes associated with production of
reactive oxygen species and retinal ganglion cell (RGC)
death. Disruption of glial function affects neuronal function
and response to injury. On the other hand, accumulating
evidence suggests that glial cells may represent a primary
target for neuroprotective approaches.
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DELTA-OPIOID-RECEPTORS PLAY KEY ROLES IN
RETINAL NEUROPROTECTION
S. Husain, N. Akhter, Y. Abdul
Ophthalmology, Medical University of South Carolinai,
Charleston, SC, USA

The aim of this study was to evaluate the neuroprotective
effect of frataxin overexpression in retinal glial cells, after
acute retinal ischemia/reperfusion in the mouse in vivo.

This study determines the neuroprotective activity of δopioid-receptor agonist, SNC-121, against glaucomatous
injury in a chronic glaucoma rat model. Intraocular pressure
was raised by hypertonic saline (2 M; 50 µL) ocular injection
in Brown Norway rats. Animals were treated with δ-opioidreceptor agonist, SNC-121 (1 mg/kg; i.p.), daily for 7 days.
Pattern electroretinograms (PERGs), and retinal ganglion
cells (RGCs) from flat-mounts were measured at week-6.
The expression of TNF-α, MMP-1, MMP-3, and phospho-p38
MAP kinase were determined by immunohistochemistry and
Western blotting.

Transgenic animals overexpressing frataxin in Müller glia
were generated by crossing mice carrying cassettes of
human PVMD2-rtTA and TRE-cre to mice carrying a cassette
containing
the
human
frataxin
gene.
Retinal
ischemia/reperfusion was induced by elevating the
intraocular pressure for 45 min. Frataxin overexpression in
the retina was verified by means of RT-PCR analysis and
immunohistochemistry. Numbers of RGCs were determined
in retinal wholemounts by labelling with an antibody against
the transcription factor Brn3a. Results show specific
overexpression of frataxin in about 70% of Müller glia in the
mouse retina in vivo. Following retinal ischemia, there was a
70% reduction in the number of RGCs 14 days after injury as
compared to controls. Retinas from frataxin overexpressing
mice showed an increased number of surviving RGCs after
ischemia as compared to non transgenic animals (67% vs.
30% respectively).

PERG amplitudes were significantly reduced in ocularhypertensive eyes (14.3±0.63 µvolts) when compared to
normal eyes (18.59±0.62 µvolts) at week-6. PERG deficits in
hypertensive eyes were significantly improved by SNC-121
treatment (17.16±1.3µvolts; P< 0.05). There was a 29% loss
of RGCs in the hypertensive eye, which was fully blocked
when animals were treated with SNC-121. In hypertensive
eyes the expression levels of TNF-α and phospho-p38 MAP
kinase were increased in the nerve fiber layer and inner
retinal layers, which were also blocked in the presence of
SNC-121. Additionally, expression of TNF-α, MMP-1, and
MMP-3 in the ocular-hypertensive optic nerve was increased
by 106, 65, and 85%, respectively, 7 days post injection. In
vitro studies using optic nerve head astrocytes showed that
TNF-α treatment increased the secretion of MMP-1 and

Results from this study support the notion that targeted
expression of protective agents in glial cells is a feasible
approach to improve neuronal survival after injury in the
central nervous system.
This work is supported by a grant from the Deutsche
Forschungsgemeinschaft (DFG SCH2639/1-1) to CS.
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Background and aims: To provide compelling evidence for
the existence of lymphatic channels, roles of LYVE-1+
macrophages and insights into the cellular mechanisms of
lymphatic formation in the developing and adult human
choroid.

DIFFERENTIAL GENE EXPRESSION IN THE PRIMATE
RETINA: A MOLECULAR INVESTIGATION OF MACULA
FORMATION AND FUNCTION
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Methods: Human choroidal wholemounts and sections (1220 weeks' gestation (WG)) and young adult human choroids
(30-40 yrs) were examined with multiple marker
immunohistochemistry using lymphatic specific markers
including:
PROX-1,
LYVE-1A,
Podoplanin,
D-240,
endomucin, VEGF-C and VEGF-R3. CD34 and CD39
antibodies were used to covisualise vascular lineage cells.
Ultrastructural evidence and frequency of lymphatics relative
to blood vessels was determined using transmission electron
microscopy (TEM).

Background and aims: In primates, the central visual field
is mediated by the macula which has highly specialised
morphology and can achieve high spatial acuity and colour
vision. During development of the macula, ganglion cells
(GC) extend their axons toward the optic nerve head under
the influence of guidance molecules, and undergo retinotopic
mapping onto specific higher visual targets. Overlapping with
this axon pathfinding is a period of retinal vascular growth
whereby large vessels avoid the macula and create an
avascular region at the fovea. Despite its functional
importance, little is known of the genes that regulate these
phases of GC axon guidance and vascular growth with
respect to the macula. We aimed to identify candidate genes
with roles in these phases of growth.

Results: Vasculogenesis preceded lymphangiogenesis
during the formation of the human choroid. The topography
of lymphatic formation showed a disc to periphery
topography. A subset of CD34+ hematopoietic stem cells
(HSCs) were PROX-1+/Podoplanin+/D240+/VEGF-R3+
lymphatic precursor cells (LPCs). LPCs were distributed as
single cells early in embryological development. PROX1+/LYVE-1+/D-240+/VEGF-R3+
macrophages
were
frequently associated with forming lymphatic channels.
Structural evidence of lymphatic vessels included a
significant lymphatic capillary plexus just external to the
choriocapillaris. TEM and light microscopic evidence of
lymphatics included anchoring filaments, lymphatic sacs,
absence of red blood cells and the presence of flocculent
protein within lymphatic lumina, and high endothelial cells
labeled with lymphatic endothelial specific markers. The
relative frequency of lymphatic channels compared to
capillaries, arterioles and arteries was 7%, 1% and 5%
respectively.

Methods: We carried out a microarray analysis, using RNA
from human fetal retinas at 19-20 weeks' gestation (n=4), to
identify genes differentially expressed in the macula. Gene
expression results were confirmed by quantitative RT-PCR
and in situ hybridisation, using macaque retinas aged
between fetal day 55 and adulthood.
Results: A cluster of 25 axon guidance genes that showed
significant differential expression between the macula and
surrounding retina featured prominently in the microarray
data. Of these genes, Eph receptor A6 (EphA6) showed
spatial and temporal patterns of mRNA expression in the
developing GC layer. EphA6 was highly differentially
expressed in the macula compared with the surrounding
retina during fetal life, and the level of expression in the
macula increased postnatally. A complementary expression
pattern for the ligands EphrinA1 and A4, which have a
repellent interaction with EphA6, was observed on
astrocytes which mediate vascular development throughout
the retina. In addition, the anti-angiogenic factors Pigment
Epithelium-Derived Factor and Brain Natriuretic Peptide also
showed high differential levels of expression in the macula
during the pre- and postnatal phases.

Conclusions: These observations lead us to suggest that
lymphatics in the developing human choroid differentiate in
close association with the forming blood vessels and not as
a separate lineage. The proximity of macrophages to LPCs
and the junction between lymphatics and blood vessels
indicate that macrophages play a significant role in lymphatic
vessel formation. The existence of lymphatics in healthy
young adult human choroid has major implications for ocular
health and disease.
COI/Financial disclosure: Nothing to disclose
O338
PROBING THE MOLECULAR BASIS OF VASCULAR
BARRIER FUNCTION AND MACROMOLECULAR
EXCHANGE AT THE CHORIO-RETINA INTERFACE

Conclusions: The specific expression pattern of EphA6 and
its ligands suggests repellent guidance signalling may
influence the pathfinding of axonal projections from macular
GC, and also the guidance of developing retinal vessels
particularly at the macula. The additional expression of antiangiogenic factors may further inhibit vessel growth and
contribute to formation of the foveal avascular area.

D.T. Shima
Institute of Ophthalmology, University College London,
London, UK
Vascular endothelial cells tailor their differentiation programs
to meet the particular needs of tissues and organs. The
vascular supply for the outer retina comes from the
fenestrated choriocapillaris, consisting of endothelial cells
with numerous pores that allow rapid exchange of nutrients
and waste to meet the needs of the RPE and
photoreceptors.
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COMPELLING EVIDENCE OF LYMPHATICS IN THE
DEVELOPING AND YOUNG ADULT HUMAN CHOROID
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Little is known about the structural and molecular basis of
exchange between the fenestrated choriocapillaris and the
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RPE/photoreceptors, but it is reasonable to posit that
dysfunction of this neurovascular unit contributes to agerelated maculopathy. We are developing assays and tools
that will help us better understand communication at the
chorio-retina interface. We have developed a cell-based
model for fenestra formation and have discovered several
components that are critical for fenestra biogenesis. We aim
to characterize the molecular basis of the fenestral pore and
hope to use this knowledge to specifically manipulate
fenestra function in vivo. We have also developed assays for
transport between the choriocapillaris and the RPE in vivo,
using various fluorescent tracers, and aim to characterize
the cellular basis of exchange and alterations that may occur
in models of disease.

effect of RPE-EC interaction on cell behavior and matrix
deposition.
Methods: Human RPE cell line, ARPE-19, and primary
human ECs, HUVEC, were seeded on the opposite sides of
5
2
polyester transwells (0.4 µm pores) at 1.7x10 cells/cm and
4
2
5x10 cells/cm respectively and cultured for up to 4 weeks
in EBM-2, 1% FCS. Cell viability was quantified using Trypan
blue. Transepithelial resistance was monitored with an
epithelial voltohmmeter. Cell morphology was evaluated by
ZO-1 immunohistochemistry. Expression of matrix deposition
and cellular function genes was determined by qPCR and
Western blot analysis. Matrix accumulation was determined
by TEM analysis and immunohistochemistry.
Results: Coculture with RPE sustains EC survival and
proliferation in low serum for up to 2 weeks. This trophic
effect appears to be contact dependent. Presence of ECs
significantly improves RPE barrier and phagocytic functions
with no negative effect on RPE survival or morphology.
Gene expression analysis revealed that coculture with ECs
strongly induces RPE expression of matrix-associated
proteins and visual cycle proteins such as RPE65 and
CRALBP. Interestingly, expression of PEDF and
Thrombospondin-1 by RPE were also significantly
upregulated in co-culture condition, suggesting that RPE
acquired an anti-angiogenic status. TEM analysis revealed
that presence of ECs leads to the accumulation of BrM-like
material on the basal side of RPE.
Conclusions: This study demonstrates that RPE
differentiation and deposition of a BrM-like matrix can be
improved by long-term coculture with ECs and further
emphasizes the importance of RPE-EC interaction in retinal
homeostasis.
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LARGE SCALE HIGH RESOLUTION SPATIOTEMPORAL
ANALYSIS OF MOUSE RETINAL WAVES DURING
POSTNATAL DEVELOPMENT IN HEALTH AND DISEASE
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During perinatal development, neighbouring retinal ganglion
cells (RGCs) fire in correlated bursts of action potentials,
resulting in propagating waves. In mouse, retinal waves are
present from late gestation until eye opening (P12). The
earliest waves are mediated by gap junctions (Stage I),
followed by lateral connections between cholinergic starburst
amacrine cells (late gestation to P9; Stage II). Finally, once
glutamatergic connections become functional and RGCs
respond to light, waves switch to glutamatergic control (P10;
Stage III). Despite such major developmental changes in
network connectivity, there has been no clear report of
parallel changes in wave dynamics, a problem we attribute
to the use of recording approaches with relatively low
spatiotemporal resolution. In this study, we have used the
high density (4,096 electrodes) Active Pixel Sensor (APS)
MEA, allowing us to record retinal waves from the neonatal
mouse at near cellular resolution (21x21µm electrodes,
42µm separation), (Berdondini et al., 2009). We found that

EFFECT OF ENDOTHELIAL CELLS ON RPE
DIFFERENTIATION AND MATRIX DEPOSITION
M. Saint-Geniez, S. Abend, K. Mc Hugh, C. Spencer
Schepens Eye Research Institute, Massachusetts Eye and
Ear Infirmary, Boston, MA, USA
Purpose: Previous studies have demonstrated the critical
interdependence of choroidal endothelial cells (EC) and
retinal pigment epithelial (RPE) cells. For example, we
recently showed that production of soluble VEGF isoforms
by RPE is necessary for choriocapillaris survival. In addition,
developmental studies have suggested that formation of BrM
depends on the presence of both choroidal EC and RPE. To
analyze the reciprocal interaction between RPE and EC, we
developed a long-term coculture system and determined the
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Stage II waves recruit relatively few cells, they are initiated at
random locations and slowly propagate with a high degree of
randomness, covering large retinal areas. They become
larger, denser and faster up to P6. P8-9 Stage II waves
become smaller and slower, a phenomenon reversed by
blocking GABA-A receptors with bicuculline. Stage III
glutamatergic waves are faster and denser, and they are
more restricted spatially, following few repetitive, nonrandom propagation patterns.

investment
and
basement
membrane
formation.
Concomitantly, epsilon hemoglobin and CXCR4 expression
was down regulated and von Willebrand factor expression
increased with the formation of Weible-Palade bodies.
Conclusions: Our results support the view that the human
HVS, like the choriocapillaris, develops by hemovasculogenesis, the process by which vasculogenesis,
erythropoiesis, and hematopoiesis occur simultaneously
from common precursors, hemangioblasts.

Glutamatergic retinal connectivity is known to be abnormal
from early developmental stages in inherited retinal
dystrophies, even before photoreceptor death. We have
investigated spontaneous activity patterns in the cone rod
homeobox (Crx) knockout mouse, a model of Leber
Congenital Amaurosis, where photoreceptors die between 1
and 6 months postnatal. We found that Stage II cholinergic
waves were normal in the Crx-/- retina, whilst Stage III wave
patterns
were
disrupted,
demonstrating
aberrant
glutamatergic retinal wiring before degeneration even starts
in the outer retina. Glutamate-mediated slow oscillations
(~10Hz) and strong bursting become apparent in the RGC
layer during the third postnatal week and continue
throughout the degeneration period.
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CONDITIONS OF RETINAL GLIAL AND INFLAMMATORY
CELL ACTIVATION FOLLOWING IRRADIATION IN A
GFP-CHIMERIC MOUSE MODEL
1

2

1

1

I. Semkova , P. Müther , N. Kociok , A. Joussen , C. Steger
1

1

2

Charité University Medicine Berlin, Berlin, Uni-Klinikum
Köln, Köln, Germany
Purpose: Microglia cells have been associated with
immunologic defence and repair. The course of retinal
disease after lethal irradiation for bone marrow depletion and
substitution was evaluated with respect to macrophage and
microglial involvement.

In summary, thanks to the unprecedented size and
resolution of the APS MEA, we have achieved a novel
panretinal perspective of early activity dynamics during
retinal maturation, providing new clues about the role played
by early retinal activity during wiring of the visual system in
health and disease.

Methods: Lethal irradiation in C57/Bl6 mice was conducted
with a low voltage radiation unit. The animals were
randomised to shielded or unshielded radiation and
subsequently received transplants of GFP+ bone marrow
cells (ß-actin promoter).
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The GFP-transformation rate was analyzed by flow
cytometry.GFP+-cells in the retina were examined for colocalization with macrophage and dendritic markers at
various time points between 1 and 7 months after irradiation.
Clodronate liposomes were used to investigate the fate of
migrated and residential microglia cells. Pathologic
angiogenesis was investigated in laser-induced choroidal
neovascularisation.

FROM BLOOD ISLANDS TO BLOOD VESSELS:
MORPHOLOGIC OBSERVATIONS AND EXPRESSION OF
KEY MOLECULES DURING HYALOID VASCULAR
SYSTEM DEVELOPMENT
D.S. McLeod, G.A. Lutty
Ophthalmology, Johns Hopkins University, Baltimore, MD,
USA

Results: Flow cytometry analysis revealed average
transformation rates of 78.2% in unshielded and 64.1% in
shielded group. Four weeks after transplantation, perfused
flatmounts were virtually free of extravasal GFP+ cells in
both groups, whereas 4 months after irradiation, cluster cell
infiltrations, preferentially in the peripheral retina, became
apparent exclusively in the unshielded group. Cell
morphology ranged from oval, to a few extensions, to
dendritiform with long-branched extensions. Clodronate
treatment resulted in a reduction of GFP+ cells in the retinal
tissue when applied 3 months after unshielded irradiation.
Although GFP+ cells accumulated in the choroidal scar after
laser treatment, in both the shielded and unshielded groups,
GFP+ cells in the overlying retina were restricted to the
unshielded group.

Background and aims: The mode of development of the
human hyaloid vascular system (HVS) remains unclear.
Early studies suggested that these blood vessels formed by
vasculogenesis while the current concept seems to favor
angiogenesis as the mode of development. We examined
embryonic and fetal human HVS using a variety of
techniques to gain new insights into formation of this
vascular system.
Methods: Embryonic and fetal human eyes from 5.5 to 12
weeks
gestation
(WG)
were
prepared
for
immunohistochemical analysis or for light and electron
microscopy. Immunolabeling of sections with a panel of
antibodies directed at growth factors, transcription factors
and hematopoietic stem cell markers was employed.

Conclusions: Approximately 3 months after lethal full-body
irradiation including the eye, bone marrow-derived
leukocytes exhibit a wound-healing reaction, and unlike
physiological turnover, infiltrate the retina and form microglial
cells.

Results: Light microscopic examination revealed free bloodisland-like structures (BI-LS) in the embryonic vitreous cavity
(5.5-7 WG). These structures were composed of aggregates
of mesenchymal cells and primitive nucleated erythroblasts.
Free
cells were
also
observed.
Immunolabeling
demonstrated that BI-LS were composed of mesenchymal
cells that expressed hemangioblast markers (CD31, CD34,
C-kit, CXCR4, Runx1 & VEGFR2), erythroblasts that
expressed embryonic hemoglobin and cells that expressed
both. Few cells were proliferating as determined by lack of
Ki67 antigen. As development progressed (12 WG), blood
vessels became more mature structurally with pericyte
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The chemokine/chemokine receptor axis CCL2/CCR2 has
been shown to mediate inflammatory monocyte recruitment
in a number of neurodegenerative disorders. We show that
atrophic age-related macular disease (AMD) is associated
+
with increased intraocular CCL2 levels and subretinal CCR2
-/“inflammatory” monocyte infiltration. Using the Cx3cr1
mouse model of subretinal microglial cell (MC)/ macrophage
(Mf) accumulation and photoreceptor degeneration, we show
that pharmacological inhibition of CCR2 and genetic deletion
of CCL2 prevents inflammatory monocyte recruitment,
MC/Mf accumulation, and photoreceptor degeneration in
vivo. Our data suggests that CCL2/CCR2 inhibition
represents a powerful tool for controlling inflammation and
neurodegeneration in AMD.

O343
IN VIVO VISUALIZATION OF MICROGLIA AND
MACROPHAGES IN THE EYE
N. Eter
Universitäts-Augenklinik Münster, Münster, Germany
Purpose: Mononuclear phagocytes (moΦ), such as dendritic
cells (DC) and macrophages (MΦ) perform crucial immune
functions and occur in virtually all organs. Also in the eye,
these cells have been described, but their location, function
and response to inflammatory stimuli remains to be clarified.
Here we have addressed these questions by ophtalmoscopic
observation of the fundus of GFP reporter mice after
lasering.
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Methods: We used heterozygous CX3CR1-GFP knock-in
mice, in which tissue moΦ and their blood precursors, the
monocytes, are constitutively fluorescent due to expression
of green fluorescent protein (GFP) under the control of the
fractalkine receptor-promoter. These reporter mice were
examined by a confocal scanning laser ophthalmoscope
(cSLO). To investigate the response of moΦ to local
damage, reporter mice were exposed to argon laser
coagulation. Fluorescence microscopy was employed to
verify cell morphology. The number, the subtype and the
activation state of moΦ were determined by flowcytometrical analysis of retinal and choroidal single cell
suspensions stained with fluorochrome-labeled monoclonal
antibodies.

AGING EFFECTS IN RETINAL MICROGLIA AND
POTENTIAL RELATIONSHIPS WITH AGE-RELATED
RETINAL DISEASE
W.T. Wong
Unit on Neuron-Glia Interactions in Retinal Disease, National
Eye Institute, NIH, Bethesda, MD, USA

Conclusions: The system presented here allows in vivo
visualization of the response of moΦ to injury in the fundus.
The combination between opthalmoscopy, flow-cytometry
and flat-mount histology allows detailed dissection of
inflammatory mechanisms in this site.

Alterations in microglial function have been linked to the
development of neurodegenerative disease. As advanced
age is a risk factor for many diseases in this category,
including age-related macular degeneration (AMD), aging
changes in microglia have been hypothesized to contribute
to disease pathogenesis. Microglia in the retina, like those
elsewhere in the CNS, demonstrate constitutive dynamic
behavior under normal conditions and rapid migration to
retinal damage under conditions of injury which have been
proposed to serve immune surveillance, synapse
maintenance, and tissue repair. Comparisons of dynamic
behavior of retinal microglia in young and aged adult mice
reveal a lowered baseline motility in aged microglia. In
response to focal injury, aged microglia were slower to
initiate dynamic migration to the injury site but these
responses were also more sustained and less reversible.
These altered features indicate an age-dependent
dysregulation ofdynamic microglial responses that may have
consequences for retinal functioning and homeostasis.
Additionally, retinal microglia demonstrate a progressive
age-dependent migration from the inner retina where they
are normally confined into the outer retina and subretinal
space, resulting in an accumulation of microglia on the apical
surface of RPE cells. We present data here that demonstrate
that the presence of microglia in the outer retina culminates
in physiological changes in the RPE cells that recapitulate
features of AMD progression. Taken together, our data
indicate that retinal microglia demonstrate aging changes in
terms of their behavior, distribution, and intercellular
interactions that have the potential to contribute to agerelated retinal degenerative disease.
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INFLAMMATORY MONOCYTES IN LESIONS OF
ATROPHIC AGE-RELATED MACULAR DEGENERATION
AND THEIR POTENTIAL ROLE IN PHOTORECEPTOR
DEGENERATION

RETINAL MICROGLIA RESPONSE FOLLOWING OPTIC
NERVE INJURY AND RETINAL ISCHEMIA

Results: The healthy fundus of living mice featured a dense
network of fluorescent cells with dendritic morphology.
These cells were evenly distributed without any relationship
to the vessels. No fluorescent cells were found in the fundus
of wildtyp control mice. Microscopy confirmed the dendritic
morphology of fluorescent cells and their location in the
retina. Flow cytometry demonstrated expression of typical
markers for microglia on these fluorescent cells. When the
retina and choroid were injured by laser shots, fluorescent
dendritic-shaped cells started migration towards injury after
60 minutes and accumulated in damaged tissue together
with round shaped moΦ GFP+ cells obviously recruited from
the blood. Flow-cytometry identified these moΦ as dendritic
cells and macrophages. In addition, non-fluorescent
polymorphonuclear granulocytes were detected in the
choroidea. Accumulations of moΦ started to resolve after 3 4 weeks in small laser spots, but remained detectable for up
to 7 weeks, inparticular when larger spots at higher laser
intensity were induced.
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Microglia as immunocompetent cells of the central nervous
system (CNS) become activated after injury. Activated
microglia proliferate and phagocytose neuronal debris,
however, there are significant differences in microglial
response to lesion. Herein, I provide an overview of our work
on microglia proliferation, distribution, and phenotypic
changes after two different types of injuries. One injury
model, we successfully work with involves an optic nerve
lesion, which selectively leads to retinal ganglion cell (RGC)
death via apoptosis. The other well-established injury model
in our lab is based on retinal ischemia as induced by
elevated intraocular pressure (IOP). Retinal ischemia is
involved in several pathologies including glaucoma and
leads to neuronal death of various retinal neuron types via
apoptosis and necrosis. In addition, I present some relevant
data on a newly identified microglia subpopulation of the
normal adult rat retina which increases after injury. This
population proliferates in situ and ectopically expresses
nestin, vimentin, and NG2, proteins, normally found in
+
macroglial cells. Interestingly, cerebral nestin/NG2
expressing microglia are reported to possess a neurogenic
potential in vitro which makes these cells interesting
candidates for cellular regeneration and cell replacementbased therapies. The putative neurogenic potential of retinal
+
nestin/NG2 microglia is still incompletely understood and
will be discussed in this talk.

decrease in C3 deposition in the ONL following NIR
treatment.
Conclusions: Our data indicate that NIR pretreatment
reduces oxidative damage and complement propagation in
the degenerating retina. These findings have relevance to
the cellular events of complement activation underling the
pathogenesis of AMD, and highlight the potential of NIR as a
non-invasive anti-complement therapy.
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RETINAL DEGENERATION AND MICROGLIAL
ACTIVATION IN MOUSE MODELS OF NEURONAL
CEROID LIPOFUSCINOSES
1

Institute for Human Genetics, University of Regensburg,
Department of Ophthalmology, University Eye Clinic
3
Regensburg, Regensburg, Zentrum für Augenheilkunde,
Lehrstuhl für Experimentelle Immunologie des Auges,
Cologne, Germany
Purpose: Neuronal ceroid lipofuscinoses (NCL) are early
onset lysosomal storage disorders characterized by vision
loss, mental and motor deficits, and spontaneous seizures.
Neuropathological analyses of human autopsy material and
brain from NCL animal models revealed neuroimmune
processes closely associated with neuronal degeneration. It
is currently unclear whether this phenomenon is confined to
the brain or also occurs in the retina. The aim of our study
was to characterize the relationship between retinal
degeneration and microglia activation in different mouse
models of NCL.

NEAR-INFRARED TREATMENT REDUCES
COMPLEMENT PROPAGATION IN A LIGHT-INDUCED
MODEL OF ATROPHIC AMD
1,2

1,2,3
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Methods: Retinal degeneration of the NCL mutant mouse
Δex7/8
nclf
KI and Cln6 was studied at different ages.
strains Cln3
Microglial morphology and migration was analyzed by
immunohistochemistry. Visual acuity and retinal function was
determined by measuring the optokinetic response in an
Optomotry system and by use of electroretinography,
respectively.

2

John Curtin School of Medical Research, ARC Centre of
3
Excellence in Vision Science, ANU Medical School, The
Australian National University, Canberra, ACT, Australia
Purpose: Complement activation is associated with the
pathogenesis of age-related macular degeneration (AMD),
and is thought to arise from oxidative damage to
photoreceptors. We aimed to investigate whether nearinfrared (NIR) treatment - which ameliorates oxidative
damage - reduces the propagation of complement in a lightinduced model of atrophic AMD.

Results: Our data show that there is a migration of microglia
nclf
from the plexiform layers to the nuclear layers in CLN6
which is consistent with an alerted state of microglia.
Moreover, the shape of these cells changed from a ramified
form to an amoeboid form. Histological analyses revealed
that this microglial activity was accompanied by a prominent
retinal degeneration. These events are not observed in
Δex7/8
KI retinas. Optomotry tests showed that the
Cln3
nclf
Δex7/8
KI mice had a progressive decline in
CLN6 and Cln3
visual acuity as they aged. These results were further
confirmed by electroretinograms. Finally, neuro-inflammatory
markers, notably microglial activation markers, are highly
nclf
mouse retina starting at early time
expressed in CLN6
points.

2

Methods: SD rats were pre-treated with 9J/cm of 670nm
light for 3 minutes daily over 5 days (n=3), while others were
sham-treated (n=3). Animals were then exposed to 1000 lux
for 24hrs, after which animals were kept in dim light (5 lux) to
recover for 7 days. The expression of C3 - and other
complement components - was assessed by qPCR, and
immunohistochemistry. Counts were made of C3-expressing
monocytes/microglia using in situ hybridization. In
conjunction, photoreceptor cell apoptosis was assessed
using TUNEL labeling, as well as the expression of 4-HNE.
Statistical significance was determined using the one-way
ANOVA.

Conclusions: Our results identified a coincidence of
microglia activation, retinal degeneration, and vision loss in
nclf
Δex7/8
KI mice. Furthermore, the early
CLN6 but not in Cln3
nclf
expression of neuro-inflammatory markers in the CLN6
retina suggests therapies aimed at modulating these
markers could be helpful in preserving vision and ameliorate
neuronal degeneration in NCL patients with CLN6 mutations.

Results: Following light damage, retinas pretreated with NIR
had reduced immunoreactivity for the oxidative damage
maker 4-HNE in the ONL and outer segments, compared to
sham-treated controls. In conjunction, there was a significant
reduction (P < 0.05) in the retinal expression of complement
genes C1s, C2, C3, C4b, C3Ra1, and C5r1 following NIR
treatment.
In
situ
hybridization,
coupled
with
immunoreactivity for the microglia marker IBA1, revealed
that C3 is expressed by infiltrating microglia/monocytes in
subretinal space following light-damage, which were
significantly reduced in number after NIR treatment (P <
0.05). Additionally, immunohistochemistry for C3 revealed a
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In albinism part of the temporal retina projects erroneously to
the contralateral hemisphere, in achiasmia the nasal retina
projects erroneously to the ipsilateral hemisphere. Due to
these congenital malformations of the optic chiasm,
processing in the early visual cortex in albinism and in
achiasmia is not only dedicated to the representation of the
contralateral, but also of a sizable proportion of the ipsilateral
visual field. These conditions therefore provide powerful
models to study principles governing the self-organisation of
the human visual system. Here, a series of studies will be
presented, detailing the projection abnormality, its
consequence on cortical organisation, and its relevance for
visual perception and visuo-motor processing.

VISUAL DEVELOPMENT AND BEYOND
G. Jeffery
Institute of Ophthalmology, University College London,
London, UK
Albinism is commonly seen as only a congenital condition, in
which retinal cell proliferation is deregulated during
development resulting in changes in retinal architecture.
However, recent research is revealing that the absence of
melanin from ageing retinal pigment epithelium cells results
in continued attempts by these cells to enter the cell cycle
throughout life, but failing to complete mitosis. Hence, the
ageing rodent albino RPE drifts gradually towards polyploidy
with cells having as many as 15-17 nuclei. These cells down
regulate RPE65 and appear to be unable to maintain
phagocytosis,
resulting
in
serious
distortions
to
photoreceptor outer segments and reduced retinal function.
If this occurs in the human population it may be overlooked
within the framework of age related visual decline. However,
it unifies problems of albino retinal development and ageing
around the concept of disrupted cell cycle events.

Results: In albinism the representation abnormality (i)
extends on average eight degrees into the temporal retina,
(ii) varies in its extent between subjects in correlation with
the pigmentation defect, (iii) is organised as a retinotopic
map in the primary visual cortex, (iv) is relevant for visual
perception, (v) does not interfere with perception in the
contralateral hemifield, and (vi) leaves major lateralisation
patterns in the primary motor and the somato-sensory cortex
unaffected. (vii) In albinism and achiasmia the abnormal
cortical representation of the ipsilateral visual field is
superimposed as a retinotopic mirror-symmetric overlay onto
the normal cortical retinotopic representation of the
contralateral visual field.
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Conclusion: In both conditions, i.e., enhanced and reduced
crossing at the optic chiasm, the abnormal input to the visual
cortex does not undergo a topographic reorganisation of the
geniculo-striate projection. Such a conservative projection
scheme requires neural plasticity to make the represented
visual information available for perception. We therefore
conclude that instead of large-scale reorganisations,
comparatively subtle intra-cortical mechanisms mediate the
ability of achiasmic and albinotic subjects to cope with the
abnormal visual input.

GENETICS OF ALBINISM
M. Brilliant
Center for Human Genetics, Marshfield Clinic, Marshfield,
WI, USA
Albinism is defined by hypopigmentation of the eyes
resulting in abnormalities of the retina, nystagmus,
strabismus, foveal hypoplasia, abnormal crossing of the
optic fibers, photophobia and reduced visual acuity. In Xlinked ocular albinism (OA), the hypopigmentation is mainly
limited to the retina (RPE). The OA1 gene has been
identified and is a G-protein coupled receptor for DOPA. In
oculocutaneous albinism (OCA), the hypopigmentation is
manifest in the RPE, choroid, skin and hair. Four types of
oculocutaneous albinism (OCA) are known. Mutations of the
human tyrosinase gene have been shown to cause
oculocutaneous albinism type 1 or OCA1 that can be
subcategorized. The complete absence of functional
tyrosinase, the only enzyme required for melanin
biosynthesis, results in OCA1a; residual tyrosinase
enzymatic activity, with trace amounts of melanin produced,
results in OCA1b. Mutations in the human P gene, that
encodes an ion transporter, thought to mediate conditions for
tyrosinase activity, result in OCA2. The TYRP1 (tyrosinase
related protein 1) gene is involved in OCA3, also known as
Rufous/Red albinism. Mutations in the SLC45A2 gene
(previously called MATP and AIM1) that encodes another ion
transporter are associated with OCA4 that is phenotypically
very similar to OCA2. The world-wide incidence of these
forms of albinism will be discussed along with implications
for the visual system.

Supported by German Research Foundation (DFG: HO
2002/3-1, HO 2002/4-1, HO 2002/10-1)
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OCULOMOTOR ABNORMALITIES IN ALBINISM
F. Proudlock, A. Kumar, S. Mohammad, M.G. Thomas, N.
Barot, I. Gottlob
Ophthalmology, University of Leicester, Leicester, UK
Background and aims: Albinism can lead to oculomotor
abnormalities such as nystagmus and strabismus although
the cause of nystagmus in albinism is not clear. A common
mechanism to all forms of infantile nystagmus has been
suggested based on the similarity of nystagmus waveforms
between subtypes. Objective methods including eye
movement recordings, optical coherence tomography (OCT)
and genetic analysis have been used to provide a better
characterisation of individuals with albinism compared to
other nystagmus subtypes with a view to understanding
mechanisms better.
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Methods: Eye movement were recorded during visual tasks
including reading. Optical coherence tomography was used
to quantify the degree of foveal hypoplasia.

CONSEQUENCES OF CHIASMIC MALFORMATIONS ON
VISUAL PROCESSING

Results: IIN associated with recently discovered FRMD7
mutations shares some similarities to nystagmus associated
with albinism, however differences exist also. Nystagmus in
albinism contains higher proportions of jerk waveforms

M.B. Hoffmann

120

compared with IIN and the nystagmus oscillates at a lower
frequency. Anomalous head posture is also seen in higher
proportions in albinism compared to IIN.

Conclusion: Recent developments mean that OCT is fast
becoming an essential tool in helping diagnose patients with
albinism as well as the assessment of their visual potential.

Nystagmus in albinism is also distinct from that associated
with achromatopsia which do not demonstrate a null region
and often contains vertical components to the waveform. All
nystagmus in albinism is predominantly horizontal.
Nystagmus associated with PAX6 mutations also frequently
contains torsional and vertical components.
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The intensity of nystagmus in albinism is correlated to the
degree of retinal deficits measured using OCT but null region
characteristics do not relate to retinal abnormalities.

ARF4/ASAP1 TRAFFICKING MODULE LINKS CILIARY
TARGETING OF RHODOPSIN TO THE RAB11A-RABIN8RAB8 CILIOGENESIS CASCADE

Despite the often severe sensory and motor deficits
associated with albinism, reading performance in albinism is
better than might be expected as individuals learn to adapt
to their nystagmus during reading.

D. Deretic
Univeristy of New Mexico, Albuquerque, NM, USA
Ciliary targeting of sensory receptors, such as rhodopsin,
involves the directional movement from the central sorting
station in the cell, the trans-Golgi network (TGN) to the
primary cilia, which often elaborate specialized organelles,
such as the rod outer segments (ROS). We have recently
established that the recognition of the sorting signals of
rhodopsin at the TGN, by the Arf4/ASAP1 trafficking module,
is directly linked to a cascade of protein interactions that is
essential for ciliogenesis. The ciliogenesis cascade
encompasses the activation of a small G-protein Rab8 by
Rab11a and the Rab8 nucleotide exchange factor Rabin8.
Ciliary targeting is initiated at the TGN, where the small Gprotein Arf4 and the Arf GAP ASAP1 form a complex with
rhodopsin. While Arf4 recognizes the VxPx ciliary targeting
signal of rhodopsin, ASAP1 recognizes the conserved FR
signal previously shown to mediate ciliary targeting of
membrane receptors such as Smoothened. Subsequently,
ASAP1 recruits Rab11a and the Rab11/Arf effector FIP3,
which aids rhodopsin packaging into post-TGN rhodopsin
transport carriers (RTCs). On RTCs, ASAP1 interacts with
Rabin8 and provides an activation platform for the Rab11aRabin8-Rab8 ciliogenesis module. Rhodopsin-eGFP-VxPx
expressed in epithelial IMCD cells is correctly targeted to
primary cilia. In the absence of ASAP1, IMCD cells form
actin-based membrane projections to which rhodopsineGFP-VxPx is re-routed instead of reaching the cilia.
Mutation of the FR ciliary targeting signal of rhodopsin
abolishes its interaction with ASAP1 and causes its
mislocalization in IMCD cells. Rhodopsin FR-AA mutant,
defective in ASAP1 binding, fails to engage Rab8 and
translocate across the periciliary diffusion barrier. Our data
indicate that rhodopsin targeting and the Rab11a-Rabin8Rab8
ciliogenesis
cascade
are
spatiotemporally
synchronized through the Arf4/ASAP1 trafficking module that
confers directionality to ciliary membrane transport.

Conclusions: The potential to test for genetic mutations
associated with different subtypes of IN along with better
characterisation of sensory and motor phenotypical features
may lead to a better understanding of the mechanisms
leading to IN.
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IMAGING IN ALBINISM
S. Mohamnad, I. Gottlob, V. Sheth, F.A. Proudlock
Ophthalmology Group, University of Leicester, Leicester, UK
Background and aims: Albinism is associated with ocular
abnormalities in both the anterior and posterior chamber of
the eye. Recent innovations in optical coherence
tomography (OCT) imaging have made it possible to
visualize these abnormalities.
Methods: OCT was used to image anterior and posterior
chamber in 50 individuals with albinism.
Results: OCT imaging of the anterior segment
demonstrated that the iris is thinner in individuals with
albinism compared to healthy controls with the greatest
difference being in posterior epithelial layer (PEL) (p< 0.001).
Using PEL thickness as a diagnostic indicator for albinism
yielded a sensitivity of 85% and specificity of 78% when
compared to healthy controls.
OCT imaging of the retina showed that individuals with
albinism display a range of foveal development from the
presence of a rudimentary foveal pit to complete fovea plana
however the foveal development never reaches completion
as there is some incursion of the fovea by the inner retinal
layers in all cases.
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ROLES OF PDE6D AND UNC119 IN MEMBRANE
PROTEIN TRANSPORT

Comparison of OCT abnormalities to best corrected visual
acuity (BCVA) showed that the size of the foveal pit has no
significant association with BCVA (p=0.122). Neither is the
total foveal thickness a good indicator of visual potential
(p=0.144) as the thickness of the inner processing layers is
inversely correlated with the outer photoreceptor layers (p<
0.001, r=0.696). Therefore two patients with similar overall
retinal thickness may be at the opposite ends of the foveal
development scale.
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PrBP/δ and UNC119A/B, ubiquitously expressed paralogs,
function as chaperones/co-factors in the transport of
lipidated proteins. These polypeptides descend from a
common ancestor, feature an immunoglobulin-like βsandwich fold for lipid binding and interact with many diverse
partners. PrBP/δ associates with C-terminal prenyl side
chains of phototransduction polypeptides, and also with
small GTPases of the Ras superfamily. In mouse rod

The most important predictor of visual acuity was shown to
be the degree of photoreceptor layer development (p< 0.001,
r=-0.501) and in particular, the outer segment layer length at
the fovea which correlates strongly with BCVA (p< 0.001, r=0.641).
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photoreceptors, PrBP/δ is required for normal transport of
GRK1 and PDE6. We investigated potential roles of PrBP/δ
and UNC119 in olfactory sensory neurons: results showed
-/that Pde6d electro-olfactogram (EOG) peak amplitudes in
response to various odorants were dramatically reduced,
-/demonstrating that Pde6d mice are dysosmic. Deletion of
UNC119 had no effect on EOGs. Mechanisms leading to
-/Pde6d dysosmia will be discussed.
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USE OF ENU MUTAGENESIS TO DISSECT PATHWAYS
IMPORTANT IN RETINAL FUNCTION
P.M. Nishina, L. Shi, W. Jordan, J. Wang, L. Stone, B.
Chang, J.K. Naggert
The Jackson Laboratory, Bar Harbor, ME, USA

UNC119A (also known as RG4) and UNC119B are closely
related in sequence, structure and function. Both are able to
interact with transducin by accommodating the acyl side
chain of transducin α-subunit in a hydrophobic pocket.
Association of UNC119A with Tα forms a diffusible complex
that facilitates transducin´s return to the photoreceptor outer
segments after light-induced translocation to inner segment
membranes. Alternatively, we show that UNC119B is
expressed abundantly in RPE of mouse and macaque,
where it colocalizes with RDH5. UNC119B is much less
abundant in photoreceptors. A gene trap Unc119b knockout
mouse has been generated. The gene trap was located in
Unc119b exon 3, thereby truncating the protein and
eliminating expression of the hydrophobic pocket.
Consequences of UNC119B loss in RPE and photoreceptors
will be discussed.

Purpose: With the exception of trauma and infectious
disease, the majority of the reported eye diseases are
genetic in nature. While some of these diseases are
associated with animal models, many are not. The goal of
the TVRM program is to provide mouse models for human
eye diseases to allow for in-depth examination of the
consequences of gene disruptions. In addition, the program
aims to discover novel molecules and pathway that are
necessary for normal retinal development, function or
maintenance.
Methods: C57BL/6J mice were mutagenized with n-ethylnitrosurea and resulting G3 mice were screened by indirect
ophthalmoscopy and slit lamp biomicroscopy. A smaller
cohort of G3 mice were tested by ERG for functional
changes. Once heritability was established, mutants were
characterized for phenotype and genotype by clinical and
histological methods, and by linkage studies followed by
mutational analysis of candidate genes, respectively.
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Results: After screening ~14,000 G3 mice, we identified and
established 61 models bearing ocular abnormalities. We
have identified the molecular bases of 40 of the models.
They encode for proteins involved in retinal development,
cellular structure or adhesion, intracellular trafficking, or
metabolism, in the visual cycle, in synaptic signaling, and in
post-translational processing of retinal proteins. Eleven of
the 40 genes/mutations identified represent molecules that
were previously not known to play a role in ocular function.

TEMPORAL AND SPATIAL REGULATION OF
RHODOPSIN'S POLARIZED TRANSPORT
C.-H. Sung, Y.-C. Hsu, J.-Z. Chuang
Opthalmology, Weill Cornell Medical College, New York, NY,
USA
The outer segment (OS) of vertebrate rods is a modified
cilium containing ~1,000 stacked disc membranes that are
densely packed with rhodopsin. How do rods achieve this
extraordinary magnitude of membrane genesis during
development and daily renewal? Furthermore, how do rods
target newly synthesized proteins, rhodopsin in particular, to
their respective sites with such high fidelity? These are the
central questions of photoreceptor cell biology. In a recent
study, our lab proposed a “vesicular targeting model” to
account for basal disc assembly. This model suggests that
new discs are formed by repeated fusions of vesicles
containing rhodopsin. Using a number of independent
approaches, we set out to investigate the nature and travel
itineraries of these OS-bound rhodopsin-bearing vesicles.
First, we adopted an inducible system to synchronize the
expression for rhodopsin reporters in transfected rodent
rods. We traced the newly synthesized rhodopsin molceuls
in time and space via light and electron microscopy. Our
results show that the Rab11+ recycling endosome is a key
intermediate compartment that stores post-Golgi rhodopsin
molecules prior to exocytosis. We are currently examining
the cues that activate the directional exocytosis of rhodopsin
from these endocytic compartments. Second, we have
generated and characterized two cell type-specific SARA
knockout mice. SARA is an endosomal protein and has a
reported role in nascent disc genesis, mediated by its ability
to directly bind to rhodopsin, PI3P, and syntaxin 3. We found
that rhodopsin and cone opsins are mislocalized in rod- and
cone-specific SARA knockout mice, respectively. We are
currently isolating SARA-interacting proteins to further
illustrate the molecular mechanisms underlying the SARAmediated transport of rhodopsin from the inner segment to
the OS.

Conclusions: Animal models are important to allow for the
identification of the molecular basis of disease and for
elucidation of pathways in which particular genes function.
They also serve as a resource for testing therapeutic
interventions. Chemical mutagenesis is an efficient method
for generating models and for discovering molecules
important in the retina.
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ROLE OF GPI ANCHOR ATTACHMENT IN MEMBRANE
PROTEIN TRANSPORT IN DROSOPHILA
N. Colley
University of Wisconsin, Madison, WI, USA
Glycosylphosphatidylinositol (GPI) anchors are critical for the
membrane attachment of a wide variety of essential
signaling and cell-adhesion proteins. The GPI anchor is a
complex
glycolipid
structure
that
utilizes
GPImannosyltransferases (GPI-MTs) for the addition of three
core mannose residues during its biosynthesis. Here, we
demonstrate that Drosophila GPI-MT2 is required for the
GPI-mediated, membrane attachment of several GPIanchored proteins, including the photoreceptor-specific cell
adhesion molecule (CAM), chaoptin. Mutations in gpi-mt2
lead to defects in chaoptin trafficking to the plasma
membrane in Drosophila photoreceptor cells. In gpi-mt2
mutants, loss of sufficient chaoptin in the membrane leads to
microvillar instability, photoreceptor cell pathology and retinal
degeneration. Finally, using site-directed mutagenesis, we
have identified key amino acids that are essential for GPIMT2 function and cell viability in Drosophila. Our findings on
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GPI-MT2 provide a mechanistic link between GPI anchor
biosynthesis and protein trafficking in Drosophila, and shed
light on a novel mechanism for inherited retinal
degeneration.

indicated that blockade of the (pro)renin receptor with a
putative inhibitor, and inhibition of renin with aliskiren,
attenuated retinal inflammation and vascular injury in DR
and ROP. Furthermore, aldosterone, a downstream effector
of the RAS, may influence both normal retinal function and
pathology. Blockade of aldosterone synthase and the
mineralocorticoid receptor has been shown to improve
retinal vasculopathy in ROP to a similar extent as AT1R
blockade. Overall, these findings substantiate an important
role for the RAS in retinal disease, and that blockade of RAS
components, holds promise for new therapies for
retinopathy.
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ANGIOTENSIN CONVERTING ENZYME 2 (ACE2) AND
CARDIAC PROGENITOR CELLS IN CARDIAC
PATHOPHYSIOLOGY
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M.K. Raizada
Physiology and Functional Genomics, University of Florida,
Gainesville, FL, USA
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Despite recent advances in treatment and control, the
prevalence of CVD and pulmonary hypertension (PH)
around the world has increased significantly. We believe that
a conceptual breakthrough is needed and novel drug targets
must be discovered in an attempt to control and treat them.
ACE2, the newest member of the renin-angiotensin system
(RAS), appears to hold this potential. Our studies have
established a novel concept: a balance between the
vasodeleterious axis (ACE/Ang II/AT1R) and the
vasoprotective axis (ACE2/ Ang-1-7/Mas) of the RAS is
critical in maintaining normal CV functions and any
imbalance initiates vascular dysfunctions leading to
cardiopulmonary diseases. Thus we hypothesize that ACE2,
which is a key enzyme in decreasing Ang II and increasing
Ang-1-7, would be an ideal for consideration as a therapeutic
target. The objective of my presentation will be to present
evidence in support of this concept. The data presented will
demonstrate that overexpression of ACE2 by genetic means
or its activation be novel ACE2 activators protests the heart
from hypertension- and MI- induced cardiac damage. In
addition, ACE2/Ang1-7 seems to protect cardiac progenitor
cells (CPCs) from CVD-induced dysfunction. Thus we plan
to provide evidence suggesting that genetically-modified
CPCs may be better for treatment of MI-induced cardiac
damage.

INFLUENCE OF THE SYSTEMIC RENIN-ANGIOTENSIN
SYSTEM (RAS) ON THE LOCAL INTRAOCULAR RAS
1

1

2

J.R. Martins , J. Stindl , R. Barro-Soria , O. Strauss

1

1

Experimental Ophthalmology, University Hospital
2
Regensburg, Regensburg, Germany, University of Miami,
Miami, FL, USA
The retinal pigment epithelium (RPE) and retina are known
to comprise a local renin-angiotensin system (RAS).
Although its functional implications remain unclear, the
activation of the local RAS is associated with
pathophysiologic
mechanisms
leading
to
retinal
degeneration, namely in diabetic retinopathy and age-related
macular degeneration (AMD). In spite of the ocular RAS
being separated by the blood-retina barrier, we have recently
shown an impact of the systemic RAS on the ocular RAS,
potentially mediated by the RPE. In this context, we further
investigated the interplay between these two systems. To
this end, C57BL/6 mice received different modulators of
RAS: one group was treated with isoproterenol; a second
group received the angiotensin II (AngII) receptor type 1
(AT1) inhibitor losartan, a third group received both
treatments to analyze a possible role of AngII in mediating
the effects of isoproterenol, while a fourth group received no
treatment. After sacrifice, samples of RPE, retinae and
kidney were collected and total mRNA isolated. Since the
blood-retina barrier is partially build by the RPE, cultures of
primary porcine RPE cells were also established to gain
insight into possible local mechanisms leading to changes in
renin expression. RPE cells were cultured in permeable
supports and treated with AngII, cAMP modulators
isoproterenol or a cocktail of IBMX/Forskolin. Following
stimulation, cells were lysed, mRNA extracted and changes
in renin expression further analyzed by real time PCR.

COI/Financial disclosure: Nothing to disclose
O360
THE CONTRIBUTION OF ANGIOTENSIN AND
ALDOSTERONE TO RETINAL NEUROVASCULAR
PATHOLOGY
J. Wilkinson-Berka

In this study we found that systemic stimulation of badrenergic receptors has an impact on the intraocular RAS.
We observed that by treating the animals systemically with
isoproterenol, renin expression in both retina and RPE was
enhanced. This occurs regardless of the increase in
circulating AngII - an event which is known to downregulate
ocular renin expression. Moreover, we observed for the first
time that renin expression can be modulated in a primary
porcine RPE cell culture model in response to changes in
cAMP as well as AngII, recapitulating our in vivo
observations.

Immunology, Monash University, Melbourne, VIC, Australia
Many lines of evidence implicate the renin-angiotensin
system (RAS) in the development of retinal diseases such as
diabetic retinopathy (DR), retinopathy of prematurity (ROP)
and age-related macular degeneration. For instance, all
components of the RAS are present in the retina and found
in various retinal cell types including the vasculature,
neurons and glia. Additionally, in experimental models of
both DR and ROP, blockade of angiotensin II's actions with
angiotensin converting enzyme (ACE) inhibition or type 1
angiotensin receptor (AT1R) blockade attenuates retinal
vascular, neuronal and glial injury. These findings have in
some respects translated to individuals with diabetic
retinopathy, with ACE inhibition and AT1R blockade reported
to improve retinal vasculopathy. However, despite these
benefits, angiotensin II blockade is not completely
retinoprotective. This has lead to speculation that inhibition
of other RAS components either alone or in concert with
angiotensin II blockade, may be necessary to achieve
greater retinoprotection. Recently, experimental studies have
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Sprague-Dawley rats (35 mg/kg streptozotocin-sodium
citrate). Blood glucose >250 mg/dL confirmed the diabetic
phenotype. Glycohemoglobin was measured to monitor
glycemic status. Control rats received citrate buffer. At 3, 9
and 15 weeks the rats were anesthetized with urethane (1.2
g/kg, I.P) and perfused in situ with PBS followed by 4%
paraformaldehyde. The eyes were enucleated and fixed with
4% paraformaldehyde-PBS, frozen in OCT and stored at 80º C. Ang II, AT2 receptor, glial fibrillary acidic protein
(GFAP) and I2PP2A was localized by immunohistochemistry
and fluorescence imaging using anti- Ang II (Phoenix
Pharmaceuticals,1:200),
AT2
(Abcam
Inc,
1:100),
GFAP(Chemicon International, Inc., Temecula, CA, 1:200)
and I2PP2A (Stratagene, La Jolla , CA, 1:400) antibodies.
The immunoreactivity was resolved with anti-rabbit Alexa
488 and 594. Slides were mounted in anti-fade medium
containing DAPI. Retinal glucose levels were determined in
a separate study. Retinal tissue was enzyme digested and
amino acridone derivatized and analyzed by flurophore
assisted carbohydrate electrophoresis.
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TARGETING TISSUE RAS AS A THERAPEUTIC
STRATEGY FOR OCULAR DISEASES
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Ophthalmology, University of Florida, Gainesville, FL, USA

Renin-angiotensin system (RAS) plays a vital role in
cardiovascular system. Growing evidences suggest that
local tissue RAS hyperactivity contributes to increased
inflammation, oxidative stress, endothelial dysfunction and
tissue remodeling in variety of pathologic conditions
including ocular diseases such as pathologic angiogenesis,
neuronal degeneration, age-related macular degeneration,
glaucoma, uveitis, and diabetic retinopathy. RAS blockers
have been shown to be beneficial for many of these
conditions. Recent studies have revealed that tissue RASs
may be regulated locally independent of circulating RAS and
that many new components and underlying signal pathways
have been recently discovered within RAS including the
receptor for renin/prorenin which may be responsible for
local Ang II formation and will not be blocked by classic RAS
inhibitors. Thus new challenges for developing more
effective therapies for treating ocular diseases include a
better understanding of the signaling pathways and
interactions among these pathways, develop new
therapeutic reagents targeting these new pathways, develop
strategies for sustained local treatment and enhancing the
endogenous protective pathways as a new strategies for
therapeutic intervention. We have recently shown that
enhancing ACE2 or Ang1-7 locally via AAV vector-mediated
gene delivery conferred protection against development of
diabetic retinopathy. ACE2 or Ang1-7 treated eyes showed
significant reduction in retinal vascular permeability and
attenuation of pericyte/endothelial cell loss. Thus, the
delivery of ACE2 and/or Ang-(1-7) could serve as a novel
gene therapy target for DR in combination with existing
strategies to control hyperglycemic and insulin resistance
states.

Results: In diabetic retina, glucose levels increased steadily
with the duration of hyperglycemia. At 1, 4 and 12 weeks of
diabetes, the levels of glucose in diabetics compared to
controls were increased 6-, 12- and 14- fold respectively.
The intensity and extent of Ang II, AT2 and GFAP labeling is
higher in diabetic compared to non-diabetic retina. The
intensity of labeling increased with the increase in
hyperglycemia. In the diabetic and non-diabetic retina
I2PP2A was localized to the ganglion cell nuclei, inner and
outer nuclear layer nuclei. In the non diabetic retina the AT2
receptor was localized in the nuclei of ganglion cells, inner
and outer nuclear layers. In contrast, in the diabetic the
increased AT2 receptor immunoreactvitiy was extra nuclear
and localized predominantly in the region of the endplates of
Müller cells.
Conclusion: The link between retinal Ang II, nuclear and
extra nuclear AT2 receptors and I2PP2A remains to be
established.
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ANGIOTENSIN AND ITS RECEPTORS IN DIABETIC
RETINA

A MICROFLUIDICS-BASED APPROACH TO EXPLORING
THE MECHANOME OF CORNEAL KERATOCYTES
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Purpose: Recently, we have shown that the anterior corneal
stroma is mechanically stiffer and comprised of a highly
intertwined collagen fibers mechanically compliant posterior
stroma that has orthogonally arranged collagen fibers. We
hypothesize that the developmental organization of the
stroma depends on mechanical cues in response to biaxial
stresses that control collagen fiber organization and
mechanical stiffness. To test this hypothesis we have
developed a novel culture system that allows for the de novo
assembly of collagen fibers by corneal keratocytes and
fibroblasts during application of mechanical stress.

Background and aim: A high-glucose microenvironment
increases angiotensin II (Ang II) in Müller cells by 10 fold. In
experimental diabetes Ang II and AT2 receptors are
significantly increased. Ang II is also increased in the human
diabetic retina. AT2 receptor activation leads to stimulation
of tyrosine and threonine phosphatases. I2PP2A is a major
regulator of intracellular phosphatase activity. The aim of this
study was to evaluate glucose, Ang II, AT2 receptor and
I2PP2A in the retina during the development of experimental
diabetes.

Methods: Devices were fabricated from Poly (dimethyl
siloxane) (PDMS) on 150 µm glass cover slips using soft
lithography methods. Devices consist of a micro-chamber
underneath a upper cell-culture chamber separated by a
deformable thin PDMS membrane. The membrane provides
isotropic and anisotropic stress through local variations in
membrane thickness. Cells were harvested from rabbit

Methods: Diabetes was induced in 10 week old Harlan
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corneas following previously established protocols and
cultured using serum-free media supplemented with 2%
methylcellulose to promote de novo collagen fiber assembly.
Cyclical pressurization of the lower micro-chamber was
achieved using a syringe pump injecting saline solution. Cell
morphology was assessed using Hoffman contrast
microscopy, collagen organization was characterized using
second harmonic generation imaging.

W.M. Petroll, M. Miron-Mendoza, N. Lakshman, C. Zhou
Ophthalmology, Southwestern Medical Center, Dallas, TX,
USA
Background and aims: Corneal keratocyte migration can
impact both corneal clarity and refractive outcome following
injury or refractive surgery. Extracellular matrix (ECM)
supplies both physical and chemical signals to keratocytes
and provides a substrate through which they migrate during
wound repair. In this study, we investigated how culture
conditions, ECM composition and ECM mechanical stiffness
regulate the mechanics of keratocyte migration.

Results: Rabbit keratocytes plated on PDMS under
methylcellulose without stress showed deposition of well
organized, short collagen fibers, while fibroblasts
(myofibroblasts) showed an indistinct fiber organization.
Corneal fibroblasts subjected to 250 mHz of cyclical stress
for 24 hours showed alignment 90° relative to lines of
isotropic stress, but also alignment along lines of high
anisotropic stress.

Methods: We used a previously described nested matrix
model, in which cell-populated collagen buttons were
embedded in cell-free collagen or fibrin matrices. To alter the
effective mechanical stiffness of the outer collagen matrices,
both attached and free-floating constructs were used. Timelapse microscopy was used to record the dynamic pattern of
cell migration into the outer matrices, and 3-D confocal
imaging was used to assess cell connectivity, cytoskeletal
organization and matrix compaction and alignment.

Conclusions: PDMS membrane devices that provide for cell
attachment, collagen assembly and application of anisotropic
stress been fabricated. Interestingly, cyclic stress applied to
cells show distinct cell alignment along lines of high
anisotropic stress. The effects of stress on collagen fiber
alignment will be discussed.

Results: Both serum and PDGF stimulated keratocyte
migration into attached outer collagen matrices. Although the
velocity of cell migration was similar, cells in serum were
bipolar and induced significant matrix deformation during
migration, whereas PDGF induced extension of branching
dendritic processes with smaller, more localized force
generation. Importantly, when constructs were detached
from the substrate to lower the effective stiffness, migration
was significantly reduced in serum; but was unchanged in
PDGF. Whereas corneal keratocytes migrating into collagen
matrices moved independently, cells migrating into fibrin
matrices formed an interconnected meshwork. This effect
was also observed when corneal fibroblasts were plated
within and on top of standard collagen and fibrin matrices cells remained separated on collagen but coalesced into
clusters on fibrin. Importantly, these differences in cell
connectivity were consistently observed on both rigid and
compliant substrates, thus differences in ECM mechanical
stiffness were not the underlying cause.
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A MULTIFARIOUS ROLE FOR A HISTONE
DEACETYLASE INHIBITOR, ITF2357 IN CORNEAL
DISEASES
S.S. Chaurasia
Tissue Engineering and Stem Cell group, Singapore Eye
Research Institute, Singapore, Singapore
Corneal diseases as a result of infectious, oxidative stressrelated and inflammatory eye diseases contribute to the
major causes of visual impairment. Cornea forms a
protective barrier to the human eye against detrimental
effects of external environment. Proper corneal remodeling
in response to any injury (abrasion, laceration, burns, or
disease) is vital for maintaining a transparent and nonvascular cornea required for normal vision. Cornea wound
healing is characterized by a complex series of events
involving inflammation, apoptosis, cell migration, cell
proliferation, extracellular matrix (ECM) stabilization and
remodeling in the epithelial, stromal and endothelial cells.

Conclusions: Overall, corneal keratocytes can effectively
migrate through collagen matrices using varying degrees of
cellular force generation. Low-contractility migration is less
dependent on ECM stiffness, and may facilitate keratocyte
repopulation of the stroma following surgery or injury without
altering the structural and mechanical properties that are
critical to maintaining corneal transparency. The results also
demonstrate for the first time that ECM protein composition
alone (collagen vs. fibrin) can induce a switch from individual
to collective fibroblast spreading and migration in 3-D
culture. Similar processes may influence cell behavior during
wound healing, development, tumor invasion and
repopulation of engineered tissues.

Recent discovery and use of a new class of histone
deacetylase inhibitors (HDACi) has been shown to be
effective in antitumour studies. Utilizing its potential to arrest
the cell-cycle, inflammatory gene expression, cell
proliferation and initiate apoptosis in cancer cells had made
them a potent therapeutic drugs to be tested on different
models of acute and chronic diseases. The purpose of this
study is to determine the multifaceted role for ITF2357, a
new class of HDACi's in corneal disease models involving
myofibroblast progenitor cell differentiation pathways in
stromal wound healing and fibrosis, infection/inflammation
driven human corneal epithelial cells as well as in the
oxidative stress-induced corneal endothelial cells.
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TGF-Β ISOFORMS AND THEIR EFFECT ON THE
PRESENCE OF MYOFIBROBLASTS IN A 3-D MODEL
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Corneal injury, or trauma, often leads to corneal fibrosis and
scarring, resulting in loss of corneal transparency and
blindness. The concept of “curing” corneal opacity by
replacement with a clear substitute has been discussed in
published form for over 200 years. Our studies, however, are

THE INFLUENCE OF EXTRACELLULAR MATRIX
STIFFNESS AND COMPOSITION ON CORNEAL
KERATOCYTE MIGRATION MECHANICS
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focused on determining if fibrosis can be prevented or even
reversed. Over the past 20 years, it has become generally
accepted that development of fibroblasts and myofibroblasts
is essential for connective-tissue remodeling both during
development and wound healing. Yet the regulation of
myofibroblast development remains an enigma. In the
human cornea, myofibroblasts lead to fibrosis, which creates
opacity and ultimately interferes with vision. In fact,
myofibroblasts do not appear until there is an injury.
Although both fibroblasts and myofibroblasts contribute to
normal wound repair, in a fully healed wound, few if any
myofibroblasts are found. It is clear that our understanding of
myofibroblasts' origins and functions will be crucial to the
future effectiveness of corneal tissue engineering and
regenerative medicine. One of the factors contributing to
myofibroblasts' existence and stimulation is TGF-β. Of the
three isoforms (-β1, - β2 and -β3), TGF-β1, and perhaps -β2,
are known to lead to corneal fibrosis. We have recently
embarked on a variety of studies in order to analyze and
characterize these three TGF-β isoforms on a 3-D in vitro
model. Our artificial stromal constructs are comprised of
human corneal fibroblasts stimulated to secrete a matrix by a
stable form of ascorbic acid. We have demonstrated that
these constructs assemble a matrix that mimics the in vivo
stroma with alternating layers of aligned collagen fibrils.
When these constructs are stimulated with TGF-β isoforms,
there are significant differences both in cellular and matrix
regulation. We have demonstrated that TGF-β3 stimulates
the generation of a matrix that mimics the normal adult or
developing human cornea; whereas, TGF-β1 and -β2 are
driving the constructs toward a more fibrotic path. These
new findings suggest novel therapeutic strategies to
modulate myofibroblast differentiation and control corneal
wound fibrosis.

situ study confirms that IL-1 is an important modulator of
myofibroblast viability during corneal wound healing.
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THE ROLE OF BONE MARROW-DERIVED CELLS,
CORNEAL STROMAL FIBROBLASTS AND THE
EPITHELIAL BASEMENT MEMBRANE IN THE
GENERATION OF OPACITY IN THE CORNEA
S.E. Wilson, V. Singh, M.R. Santhiago, F.L. Barbosa, M. Lin,
V. Agrawal
Cole Eye Institute, The Cleveland Clinic, Cleveland, OH,
USA
The purpose of this study was to highlight the role of bone
marrow-derived cells and the epithelial basement membrane
in the generation of myofibroblasts associated with corneal
opacity following surgery, injury or infection. In situ
experiments with chimeric mice with bone marrow
transplants from mice with all cells labeled with green
fluorescent protein demonstrated that at least 80% of SMA+
myofibroblasts in the cornea at one month after irregular
phototherapeutic keratectomy were derived from GFP+ bone
marrow-derived precursors. Many of these myofibroblasts
were also CD34+ and CD45+, suggesting the precursor cells
were previously described “fibrocytes.” In vitro studies using
GFP+ stromal fibroblasts (MSF) or GFP+ bone marrowderived cells (BMC) demonstrated conclusively that both
cells types can transform into myofibroblasts. However, the
percentage of SMA+ myofibroblast cells generated from
either cell type precursor was higher when both cell types
were co-culture together (juxtacrine) or when MSF and BMC
were co-cultured in different compartments of a Transwell
system (paracrine). Thus, more SMA+GFP+ myofibroblasts
were generated from GFP+ MSF when GFP- BMC were
present and more SMA+GFP+ myofibroblasts were
generated from GFP+ BMC when GFP- MSF were present.
Monoclonal anti-human LAP (TGF-β1) antibody and/or
transforming growth factor-β type I receptor kinase inhibitor
(LY) inhibited the generation of SMA+ myofibroblasts from
either precursor cell in Transwell co-culture experiments. We
hypothesize that TGFβ derived from corneal epithelial cells
is the paracrine modulator that regulates the generation of
myofibroblasts from either corneal stromal fibroblast or bone
marrow-derived cell precursors when epithelial basement
membrane defects allow the cytokine to penetrate into the
anterior stroma at high concentrations for prolonged periods
of time after injury.
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INTERLEUKIN-1 RECEPTOR ROLE IN THE VIABILITY OF
CORNEAL MYOFIBROBLASTS
F.L. Barbosa, M. Lin, M.R. Santhiago, V. Singh, V. Agrawal,
S.E. Wilson
Cole Eye Institute, Cleveland Clinic, Cleveland, OH, USA
Purpose: To investigate the role of interleukin-1 (IL-1) in
modulating myofibroblast viability in mouse corneas with
stromal opacity (haze) induced by irregular phototherapeutic
keratectomy (PTK).
Methods: 24 female B6;129S1-Il1r1tm1Roml/J homozygous
IL-1RI knockout mice and 24 control B6129SF2/J mice were
included in this study. Haze-generating irregular
phototherapeutic keratectomy (PTK) was performed in one
eye. Groups of 8 mice from each group were euthanized at
one month, three months and six months after surgery and
the eyes cryo-preserved. The contralateral eye served as
unwounded control. Immunohistochemistry was performed
for α-smooth muscle actin (SMA) and TUNEL assay for
apoptosis.

Supported by EY10056 and Research to Prevent Blindness,
New York, NY.
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LIGHT EXPOSURE EFFECTS ON LENS
TRANSPARENCY, DISCOLORATION AND CATARACT

Results: No stromal SMA+ cells were detected in the stroma
of unwounded control or knockout corneas. SMA+
myofibroblast density was significantly higher in the IL-1RI
knockout group than the control group at 1 month, 3 and 6
months after surgery. These differences were significant (p<
0.001). TUNEL+ stromal cells were significantly lower in the
knockout group compared to the control group at 6 months
after PTK (p=0.04).
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Light scattering development in the eye lens shows a
correlation to age and to risk exposure as well from the
environment as from the disease history of the body. Medical
records allow reconstruction of disease profiles affecting lens

Conclusions: In vitro studies demonstrated an antagonistic
effect of TGFβ and discovered- IL-1 effects in promoting
myofibroblast apoptosis are suppressed by TGFβ. This in
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transparency but the effects from the environment, be it
radiation or other risk exposure are difficult to estimate or
quantify. The Irish Nun Eye Study (INES), designed to
investigate retinal diseases, provided an ideal cohort to
study the effects of light exposure and protection on light
scattering profiles in the lens on the basis of a detailed life
style and nutrition questionnaire.
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A VISION FROM GLYCEMIC INDEX: IN VITRO, IN VIVO,
AND HUAM STUDIES
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After obtaining informed consent, the eyes of 257 retired
nuns from contemplative and missionary orders in Ireland
®
were monitored with a Scheimpflug Camera (Pentacam HR ,
Oculus, Wetzlar, Germany). Following pupil dilation
(tropicamide), Scheimpflug images of the anterior eye
segments in 25 meridians were recorded using the
automatic recording algorithm of the camera. The images
obtained were subjected to densitometric image analysis
®
using special analytical software (BIOM ). In addition
discoloration of the lenses was determined with the
handheld slit-lamp microscope and LOCS III Grading.
Cortical and posterior sub-capsular lens opacities were also
imaged using the Neitz cataract screener. A light exposure
index was calculated for each nun by using a detailed lifestyle questionnaire (missionary or contemplative). Informed
consent was obtained from all nuns.

The glycemic index (GI) indicates how fast blood glucose is
raised after consuming a carbohydrate-containing food.
Abundant epidemiological evidence indicates positive
associations between GI and risk for type 2 diabetes,
cardiovascular disease, and more recently, age-related
macular degeneration (AMD) in people without diabetes.
Although data from randomized controlled trials are scanty,
these observations are strongly supported by evolving
molecular mechanisms which explain the pathogenesis of
hyperglycemia.
Currently, molecular theories that explain hyperglycemic
pathogenesis involve a mitochondria-associated pathway
and four glycolysis-associated pathways, including advanced
glycation end products (AGEs) formation, protein kinase C
activation, polyol pathway, and hexosamine pathway. We
recently proposed a novel hyperglycemic hypoxia-inducible
factor (HIF) pathway, which explains the hyperglycemic
pathogenesis under both hypoxic and normoxic conditions,
to complement the current theories.

Cortical cataracts were the most frequent type of cataract in
this cohort (70%), followed by mixed forms of cortical and
nuclear cataract (16,25%). There were no sub-capsular
cataracts and 8% of this cohort was free of any type of
cataract. Independent of any cataract formation, age-related
light scattering increased more markedly in the anterior deep
cortex and anterior nucleus than in the corresponding
posterior lens layers. Yellow discoloration of the lens proved
to be more correlated to age than to exposure index.

In this symposium, we will review epidemiological data
relating GI to AMD and present our experimental studies
regarding the pathogenesis of the AGEs and HIF pathways.
Specifically, our in vitro and in vivo studies showed that both
ubiquitin-proteasome system (UPS) and lysosomal
proteolytic system (LPS) are compromised by high-GI
induced AGEs formation and that high glucose up-regulates
the transcription of HIF and downstream HIF-inducible
genes, all of which are pathologically significant. Given this
wide range of evidence, dietary hyperglycemia (e.g. the high
postprandial hyperglycemia induced by high-GI diets) is
etiologically related to human aging and diseases, including
AMD and diabetic retinopathy (DR).

Protection from exposure to direct sunlight showed an effect
on light scattering profiles and cataract frequencies in this
cohort, but lens discoloration seems to be primarily
correlated to age. The absence of anterior and posterior subcapsular cataracts in this cohort underlines the efficient
protection against UV-irradiation damage to the lens
epithelium.
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In summary, while management of dietary GI appears to be
an effective intervention for the prevention of metabolic
diseases, specifically AMD and DR, more interventional data
is needed to evaluate the efficacy of GI management. There
is an urgent need to develop reliable biomarkers of
exposure, surrogate endpoints, as well as susceptibility for
GI. These insights would also be helpful in deciphering the
detailed hyperglycemia-related biochemical mechanisms for
the development of new therapeutic agents.
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EPIDEMIOLOGY MEETS ENVRIONMENTAL AND AGE
RELATED CHANGES IN THE LENS
S. West
Wilmer Eye Institute, Johns Hopkins UNiversity, Baltimore,
MD, USA
Age related cataract is still the leading cause of blindness
world wide, and is poised to increase in connection with
increasing survival rates in many countries plus increasing
prevalence of risk factors such as diabetes and smoking. A
summarization of published data points to a marked genetic
component for devloping cataract.. At the same time the lens
is a mirror for accumulated insults over a lifetime and is
damaged by chronic exposure to cigarette smoking,
ultraviolet radiation, under-controlled diabetes, and other
chronic exposures.

COI/Financial disclosure: Nothing to disclose
O373
ACTIVATION OF FRS2A PROMOTES LENS FIBER
DIFFERENTIATION AND SURVIVAL AND IS REQUIRED
FOR OCULAR GLAND FORMATION
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This paper summarizes, from a population perspective,
environmental exposures and age related changes to the
lens and makes an arguement for particular genetic
susceptibilities, which when exposed to environmental risk
factors that result in oxidative stress, promote
cataractogenesis.
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Background and aims: Lens cells express several different
receptor tyrosine kinases (RTKs). However, only Fgfr
activation leads to fiber differentiation in mammalian lens
epithelial cells. Among RTKs in the lens, only Fgfrs activate
Frs2α. In fibroblasts Frs2α activation is required for
sustained activation of Erk by Fgf stimulation. We have used
transgenic and conditional knockout mutations to evaluate
the role of Fgfr signaling in general and Frs2α in particular
during mouse lens development.

microscopy showed that muskelin colocalized with MRLC
and actin-containing stress fibers. Suppressing muskelin
with either of two different siRNAs significantly reduced
MRLC phosphorylation and disrupted stress fiber
organization. Similar effects were observed when Cdk5
activity was inhibited or suppressed. Moreover, suppressing
muskelin expression prevented any further reduction of
MRLC phosphorylation when Cdk5 activity was blocked,
indicating that muskelin plays an important role in Cdk5dependent regulation of MRLC phosphorylation. P39 was
necessary and sufficient for Cdk5-dependent regulation of
myosin phosphorylation, as suppression of p39, but not p35,
significantly
reduced
rho
activation
and
MRLC
phosphorylation. Together, these results demonstrate that
the Cdk5 activating protein p39 specifically links muskelin to
myosin and thus, to stress fibers. Therefore, p39 has a dual
role in cytoskeletal regulation: on one hand, it is an integral
subunit of Cdk5 kinase; on the other, it acts as an adaptor
protein to recruit muskelin to stress fibers.

Methods: Fgfr2 and/or Frs2α deleted in all surface
ectoderm-derived eye structures using Le-Cre mice.
Transgenic mice expressing NT3/TrkC in the lens epithelium
were also created to achieve tyrosine phosphorylation of
Frs2α independent of Fgfr stimulation. Eye development was
assessed for markers of proliferation, cell death, RTKinduced signal transduction, and differentiation using
immunohistochemical methods.
Results: Embryo deficient for Frs2α in the ocular surface
ectoderm experience delayed lens placode invagination,
increased apoptosis and reduced expression of Erm, Er81,
β-crystallins, Prox1, Filensin, Phakinin, and Aquaporin0 as
well as reduced activation of Erk1/2 and Akt in the lens. The
loss of Frs2α phenocopied the loss of Fgfr2 in both the lens
and the lacrimal gland, but the loss of Frs2α delayed, but did
not prevent eyelid closure in contrast to Fgfr2 loss.
Expression of the RTK, TrkC and its ligand, NT3 in
transgenic lens epithelial cells led to increased tyrosine
phosphorylation of Frs2α, Erk1/2, Akt and Shp2 as well as
increased cell elongation and the expression of β-crystallins
Kip2
and p57 . Deletion of Frs2α in the TrkC/NT3 transgenic
lenses reversed all of these effects.
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EPH/EPHRIN SIGNALING REGULATES CYTOSKELETAL
STRUCTURES OF LENS EPITHELIAL CELLS DURING
DEVELOPMENT
C. Cheng, X. Gong
School of Optometry and Vision Science Program, University
of California, Berkeley, CA, USA
Disruption of Eph-ephrin signaling leads to age-related
cataracts in humans and mice. We have investigated the
roles of Eph-ephrin during lens development by using
ephrin-A5 and EphA2 knockout (-/-) mice.

Conclusions: Lacrimal and hardarian glands failed to form
in the absence of either Fgfr2 or Frs2α. Fgfr2 or Frs2α
deficiency resulted in similar compromises in lens cell
survival and fiber differentiation, but while Fgfr2 loss
prevented eyelid closure, Frs2α loss merely delayed eyelid
morphogenesis.

Ephrin-A5(-/-) lenses often develop anterior cataracts
associated with clusters of anterior epithelial cells
undergoing epithelial-to-mesenchymal transition (EMT), and
changes in E-cadherin and β-catenin staining further indicate
that cell-cell junctions are compromised in these cells.

COI/Financial disclosure: The work was supported by an
NIH grant EY012995

Unexpectedly, anterior epithelial cells of EphA2(-/-) lenses
show no obvious morphological changes, but equatorial
epithelial cells fail to align into organized meridional rows.
Immunostaining reveals that EphA2, β-actin and total and
phosphorylated cortactin are localized at cell membranes
and are enriched at the vertices of wild-type hexagonal
equatorial epithelial cells organized into meridional rows. In
disorganized EphA2(-/-) equatorial epithelial cells, β-actin
and total cortactin display abnormal clusters at the cell
membrane, and there is a loss of phosphorylated cortactin in
these cells. EphA2 is crucial for lens equatorial epithelial cell
alignment by regulating phosphorylated cortactin to recruit
actin to cell vertices to form and align hexagonal cells into
meridional rows. The cytoskeletal changes probably lead to
abnormal cell packing of EphA2(-/-) epithelial cells that result
in misaligned fiber cells, causing subsequent changes in the
refractive index of EphA2(-/-) lenses.
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THE CDK5 ACTIVATOR P39 SPECIFICALLY LINKS
MUSKELIN TO MYOSIN AND REGULATES STRESS
FIBER ORGANIZATION AND CYTOSKELETAL
CONTRACTION IN LENS
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Cyclin-dependent kinase 5 (Cdk5), a proline-directed
serine/threonine kinase, requires p35 or p39 for its
enzymatic activity. We have recently shown, in lens epithelial
cells, that Cdk5 kinase activity regulates rho-dependent
myosin phosphorylation and cell migration by controlling Srcp190RhoGAP signaling. Moreover, we demonstrated that
the N-terminus of p39 binds myosin essential light chain
(MLC), while the C-terminus of p39 binds muskelin, a multidomain scaffolding protein. As both muskelin and MLC have
been associated with cytoskeletal organization, the present
study seeks to determine whether p39 might serve as an
adaptor that links muskelin to myosin and to investigate the
possible biological relevance of such an interaction.
Immunoprecipitation studies demonstrated that muskelin
forms a protein complex with p39, MLC, myosin regulatory
light chain (MRLC), and myosin heavy chain II (MHC-II).
Suppressing expression of p39 abrogated the interaction
between muskelin and the myosin subunits, demonstrating
that p39 is required to link muskelin to myosin. Confocal

The phenotypic difference between ephrin-A5(-/-) and
EphA2(-/-) lenses suggests that these two molecules are not
a receptor-ligand pair in the lens. RT-PCR has identified four
ephrin-As, three ephrin-Bs, three EphAs and four EphBs in
wild-type lens epithelial cells while expression of only ephrinA5, three EphAs and two EphBs are detected in wild-type
lens fiber cells.
Supported by grants EY013849 (XG) and EY021519 (XG)
from the National Eye Institute.
COI/Financial disclosure: Nothing to disclose

128

O376
Methods: Longitudinal sections of ONHs from 9-10 monthold (m) Gpnmb+ DBA/2J (control) mice and DBA/2J mice
were analyzed for mRNA and protein expression of two
additional genes linked to phagocytosis in macrophages,
Milk fat globule EGF factor 8 (Mfge8) and Adipose
Differentiation Related Protein (Adrp), using imaging based
quantification methods.

OXIDATIVE STRESS, MITOCHONDRIAL DYSFUNCTION
AND CALCIUM OVERLOAD IN HUMAN LAMINA
CRIBROSA CELLS FROM GLAUCOMA DONORS
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Results: Mfge8 mRNA and protein expression increased in
the ONH of glaucomatous DBA/2J mice. The Mfge8 mRNA
was produced by astrocytes, and the Mfge8 protein, a
secreted product, was found on axon bundles and within
astrocytes in a pattern consistent with its known phagocytic
function in macrophages. Adrp protein was found in a
punctate pattern within both astrocytes and microglia,
consistent with its known labeling of lipid droplets, and an
increased expression of Adrp labeling in glaucomatous
DBA/2J was found to occur largely within astrocytes.

2

Oxidative stress is implicit in the pathological changes
associated with glaucoma. In this study we wished to
compare levels of oxidative stress in glial fibrillary acidnegative protein (GFAP) lamina cribrosa (LC) cells obtained
from the optic nerve head (ONH) region of normal (NLC) and
glaucomatous (GLC) human donor eyes and to also
examine related mitochondrial function and calcium
homeostasis.

Conclusions: A gene putatively involved in the recognition
of debris by macrophages, Mfge8, and a gene believed to be
involved in the processing of internalized material by
macrophages, Adrp, are normally expressed by ONH
astrocytes and are upregulated within the ONH in the
DBA/2J mouse, supporting the view that axonal
phagocytosis by astrocytes increases in glaucoma. Local
differences in expression between Mac-2, Mfge8 and Adrp
also support the view that there are distinct populations of
phagocytic astrocytes within the ONH.

Intracellular reactive oxygen species (ROS) production as
examined by a thiobarbituric acid reactive substances
(TBARS) assay, was increased in GLC compared to NLC
(27.19 ± 7.05 µM MDA vs 14.59 ± 0.82 µM MDA, P< 0.05).
Importantly, expression of the anti-oxidants Aldo-keto
reductase family 1 member C1 (AKR1C1) and Glutamate
cysteine ligase catalytic subunit (GCLC) were significantly
lower in GLC (P=0.02) compared to NLC control.
Mitochondrial membrane potential (MMP) and intracellular
2+
calcium ([Ca ]i) levels were evaluated by flow cytometry
using the JC-1 and fluo-4/AM probes respectively. MMP was
shown to be lower in GLC (57.5 +/- 6.8%) compared to NLC
2+
(41.8 +/- 5.3%), conversely however, [Ca ]i levels were
found to be higher (P< 0.001) in GLC cells compared to
2+
NLC. Expression of the plasma membrane Ca /ATPase
(PMCA) and the sodium-calcium (NCX) exchangers were
lower in GLC compared to NLC, while intracellular sarco2+
endoplasmic reticulum Ca /ATPase 3 (SERCA) expression
was significantly higher. Interestingly, we also found that
subjection of NLC cells to oxidative stress (200µM H202)
reduced mRNA expression of NCX-1 and PMCA-1 & -4.
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GLIAL ARCHITECTURE OF THE OPTIC NERVE
T.C. Jakobs
Howe Laboratory, Massachusetts Eye and Ear Infirmary,
Boston, MA, USA
Background and aims: Glaucoma very often presents with
typical patterns of ganglion cell degeneration and loss. In
mice, this loss is seen in radial sectors that fan out from the
optic nerve head. Sectors of severe ganglion cell
degeneration and relatively normal sectors can persist in the
same retina. The likely site for an injury that creates this
pattern is the optic nerve head where unmyelinated bundles
of axons have a topographic relationship to the retina. In
primates this is the site of the lamina cribrosa, a collagenous
structure that has been implicated in the pathology of
glaucoma. Mice, however, do not possess a true lamina
cribrosa. Instead a dense meshwork of GFAP-positive
astrocytes ensheathes the axon bundles in this region, the
“glial lamina”. It was the aim of this study to characterize the
architecture of the glial lamina in normal mice and in models
of glaucoma.

These data provide evidence of oxidative stress,
mitochondrial dysfunction and impaired calcium extrusion in
GLC cells compared to NLC cells and suggests their
importance in the pathological changes occurring at the
ONH in glaucoma. These results are closely linked to
ongoing work, which shows higher levels of lipofuscin
accumulation and autophagy in GLC. Future therapies may
target reducing these associated pathological changes.
COI/Financial disclosure: Nothing to disclose
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MOLECULAR EVIDENCE OF INCREASED AXON
PHAGOCYTOSIS BY OPTIC NERVE HEAD
ASTROCYTES IN GLAUCOMA

Methods: We used a transgenic mouse line expressing GFP
in subsets of astrocytes (hGFAPpr-GFP on a DBA/2J
genetic background) to image normal and reactive
astrocytes. Optic nerves from normal mice, mice after an
optic nerve crush injury, and mice that have developed
glaucoma were imaged with confocal microscopy. Gene
expression in normal and crushed optic nerves was studied
with microarrays.

N. Marsh-Armstrong, J. Nguyen, P. Karukonda
Johns Hopkins University School of Medicine, Baltimore,
MD, USA
Purpose: Previous work revealed that mouse optic nerve
head (ONH) astrocytes constitutively internalize and degrade
axonal material, and that one molecular marker upregulated
by macrophages during phagocytosis, Mac-2, increases
within a subset of ONH astrocytes in two mouse models of
glaucoma (Nguyen et al. (2011) PNAS 108, 1176 ). To
confirm that axonal phagocytosis by ONH astrocytes is
increased in glaucoma, two additional genes upregulated in
phagocytic macrophages were examined within the ONH in
the DBA/2J mouse glaucoma model.

Results: The astrocytes in the glial lamina do not tile - their
spatial domains overlap substantially. After nerve crush
injury, the astrocytes react in a two-phase remodeling
process. In a first phase (3-7 days), they retract their
processes and reduce their spatial coverage. In a second
phase (>14 days), they re-extend long processes, returning
to a near normal morphology and an extensive spatial
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overlap. This return to a more normal morphology is
paralleled by a return of the gene expression profile to levels
before injury. In optic nerves from severely glaucomatous
animals, the astrocytes resemble the cells in the second
phase after nerve crush.

Neurobiology & Anatomy, University of Utah, Salt Lake City,
UT, USA
Chronic glaucoma in the DBA/2J mouse model shows
incomplete penetrance, affecting about half the optic nerves
at 10 months. In addition, retinal ganglion cell (RGC)
degeneration is confined to discrete retinal sectors.
Following our finding that microglia activation precedes
currently detectable RGC neurodegeneration in this model,
we sought to determine whether early microglia activation
has a positive correlation with disease severity in the optic
nerve and/or localization in the retina. To investigate the
progression of microglial changes over time, we used live
laser confocal ophthalmoscopy (Spectralis, Heidelberg
Engineering) to image GFP-expressing microglia in
+/GFP
D2 mice (n=50). The same eyes were imaged
Cx3cr1
monthly between 1 and 5 months of age, mapping
sequential changes in distribution and numbers of resting
versus activated microglia within the inner retina and ONH.
Next, the same mice were aged to 10 months for ex vivo
analysis of their optic nerve pathology and patterns of retinal
neurodegeneration. Last, we compared the sectorial
distributions of activated microglia and declining RGCs in the
same retinas, and correlated the levels of early microglia
activation and optic nerve pathology. We found positive
correlation between levels of microglia activation and
severity of late optic nerve neurodegeneration. Also, we find
coincidence of retinal sectors showing early activated
microglia and late degenerating RGCs. These data
demonstrate that microglia activation represents a sensitive
and early biomarker of retinal and optic nerve pathology in
chronic glaucoma. Finally, the temporal and anatomical
resolution of microglia activation can be used to identify
retinal sectors and RGCs vulnerable to neurodegeneration,
to dissect its initiating events.

Conclusions: In contrast to astrocytes in the grey matter of
the brain that occupy non-overlapping spatial domains, the
astrocytes in the glial lamina overlap significantly. After optic
nerve crush they go through a two-stage remodeling
process. In astrocytes from glaucomatous eyes, remodeling
of the astrocytes shows similarities to the second phase after
nerve crush and is dependent on the severity of
glaucomatous degeneration in the retina.
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ROLE OF ASTROCYTES IN REMODELING OPTIC NERVE
HEAD EXTRACELLULAR MATRIX
R. Fuchshofer
Institute of Human Anatomy and Embryology, University of
Regensburg, Regensburg, Germany
The optic nerve head (ONH) of patients with primary open
angle glaucoma (POAG), shows characteristic cupping
correlated with visual field defects. The progressive optic
neuropathy is characterized by irreversible loss of retinal
ganglion cells (RGC). The critical risk factor for axonal
damage at the ONH is an elevated intraocular pressure
(IOP). The increase in IOP correlates with axonal loss in the
ONH, which might be due to an impaired axoplasmatic flow
leading to the loss of RGCs. Damage to the optic nerve is
thought to occur in the lamina cribrosa (LC) region of the
ONH, which is composed of characteristic sieve-like
connective tissue cribriform plates through which RGC
axons exit the eye. The cupping of the optic disc, and the
compression and excavation of LC are characteristic signs of
glaucomatous ONH remodelling. In ONH of POAG patients a
disorganized distribution and deposition of elastic fibers and
a typical pronounced thickening of the connective tissue
septae surrounding the optic nerve fibers is found. The
laminar remodelling is thought to be a feedback mechanism
of astrocytes to mechanical stimuli like increased IOP.

COI/Financial disclosure: Methods and systems for live
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O381
ALTERNATIVE CELL DEATH MECHANISMS IN
INHERITED RETINAL DEGENERATION
F. Paquet-Durand, B. Arango-Gonzalez, E. Zrenner, M.
Ueffing

The elevated expression of transforming growth factor
(TGF)-β2, which is detected in the ONH of glaucomatous
eyes, could be one of the feedback mechanisms of
astrocytes leading to the ECM remodelling process. TGF-β2
provokes an increased synthesis of extracellular matrix
(ECM) molecules mediated by connective tissue growth
factor and to an impaired ECM degradation in cultured ONH
astrocytes, whereas the endogenous antagonists to TGF-β2,
the bone morphogenetic protein (BMP)-4 and its signaling
pathway are impaired in the ONH of glaucomatous eyes.
Overall, the laminar remodelling of the ECM in the ONH
seems to be kept in balance by factors, secreted from
astrocytes that augment or block the activity of TGF-β2.

Institute for Ophthalmic Research, University of Tuebingen,
Tuebingen, Germany
The mechanism of cell death governing inherited
photoreceptor degeneration in Retinitis Pigmentosa and
related neurodegenerative diseases of the retina is often
addressed as “Apoptosis”. Based on extensive experimental
evidence obtained in human homologous animal models
covering six of the most important genes responsible for
retinal degeneration (RD), we propose that mutation induced
photoreceptor death is instead caused mainly by nonapoptotic metabolic processes.
Using P23H and S334ter rhodopsin mutant rats, Cngb1
knockout (KO), Cnga3 KO, Rho KO, Rpe65 KO, Prph2
mutant rd2, and Pde6 mutant rd1, rd10, cpfl1 mice, as well
as the corresponding wild-types, we studied in situ a number
of metabolic markers for apoptosis (BAX expression,
cytochrome-c leakage, activities of caspase-9 and -3) and
non-apoptotic cell death (cGMP, activities of protein kinase
G (PKG), histone deacetylase (HDAC), poly-ADP-ribosepolymerase (PARP), calpain).

Supported by a grant from the DFG (FOR 1075, TP3)
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LIVE IMAGING OF EARLY MICROGLIA ACTIVATION
PREDICTS PATTERN AND SEVERITY OF CHRONIC
MOUSE GLAUCOMA

In all mutants, photoreceptor cGMP-levels and non-apoptotic
death markers were strongly increased, while apoptotic
markers were apparent only during early post-natal
developmental cell death. The only exception to this rule was

A. Bosco, C.O. Romero, A.A. Chagovetz, M.R. Steele, K.
Breen, B.K. Ambati, M.L. Vetter
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the S334ter mutant which displayed concurrent activation of
apoptotic and non-apoptotic cell death. Analysis of rd1
animals and cross-breeding with Cngb1 KO showed a
causal link between CNG-channel expression and calpain
activity, but also stressed the importance of CNG-channel
independent mechanisms for RD. In rd1 retina,
pharmacological inhibition of PKG, HDAC, PARP, and
calpain demonstrated their functional involvement in RD.
Similarly, in P23H and S334ter retina, inhibition of calpain
and PARP activity reduced photoreceptor death.
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CHRONIC ACTIVATION OF MAPK PATHWAY AND EGR
GENES DURING RETINAL REMODELLING IN RD1
RETINA
L. Trogrlic, U. Greferath, G. Martinez, E.L. Fletcher, R. de
Iongh

In summary, our data suggests the existence of an
alternative photoreceptor cell death pathway connected to
excessive cGMP signalling, and followed by consecutive
activation of PKG, HDAC, PARP, and calpain. The
identification of non-apoptotic mechanisms for inherited RD
opens a new rationale for potential therapeutic approaches
and may explain why anti-apoptotic strategies have failed to
rescue photoreceptors from cell death in RD models.

Anatomy and Neuroscience, University of Melbourne,
Melbourne, VIC, Australia
Following degeneration of photoreceptors in diseases such
as retinitis pigmentosa (RP) there are three morphological
phases of retinal remodelling. Phases 1 and 2 involve loss of
rod and cone photoreceptors respectively, whereas Phase 3
involves glial scar formation, altered migration of inner retinal
neurons, neurite extension, synaptogenesis and cell death.
The molecular events underlying remodelling are unknown.
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Using a transgenic c-fos reporter, we found activation of
neurons from P120 at the start of Phase 3 remodelling in rd1
mice. Microarray profiling at 2 months (prior to Phase 3
remodelling, no c-fos activation) and 8 months (extensive
remodelling and c-fos activation) identified differential
expression of 52 genes (p< 0.05; >1.5 fold). Almost all downregulated genes were cone-specific genes, highlighting the
loss of these cell remants during this period. Bioinformatic
(Ingenuity) analyses of up-regulated genes indicated
activation of the MAPK cascade resulting in altered
expression of immediate-early response genes (Egr1, Egr3,
Egr4, c-fos), neural plasticity genes (Arc, Nrgn),
neuropeptide precursor genes (Vip, Tac1, Pdyn) and targets
of growth factor signalling (Vgf, Ngef). Dramatically upregulated expression (5-20 fold) of four genes (Egr1, Egr3,
Arc, Vgf) was confirmed by quantitative PCR. Using doublelabelling immunofluorescence, increased phospho-ERK was
+
observed predominantly in ganglion (calretinin ), cone
+
+
bipolar (ZNP ) but not rod bipolar cells (PKCα ) during
Phase 3 remodelling. Müller cells also showed distinct
labelling in areas of remodelled retina. Furthermore,
ganglion and bipolar cells also showed increased expression
of Egr1 and Arc, and preliminary ChIP experiments showed
altered binding of Egr1 and Egr3 to the Arc promoter in
chromatin extracts of rd1 retina.

PHOTORECEPTOR CELL DEATH: WHAT HAPPENS IN
THE NUCLEUS?
P. Ekström
Div. Ophthalmology, Dept. Clin. Sci., Univ. Lund, Lund,
Sweden
Background and aims: Photoreceptor cell death, as in the
inherited retinal degenerations in the Retinitis Pigmentosa
(RP) group of diseases, is a phenomenon with yet
unexplained mechanisms. A number of gene mutations that
affect a variety of cellular activities have been tied to RP, so
it is likely that numerous routes could lead to the initiation of
the degenerative processes. However, it is at the same time
possible that several, or perhaps many, of these routes
converge on common disease steps. Knowledge and
characterization of critical steps of this kind would thus be
helpful, for instance in identifying suitable targets for
therapeutic interventions.
In several models of RP the degenerating photoreceptors
show a rounding up of their nuclei and they also display
distinct nuclear DNA fragmentation, as seen by the TUNEL
method. These features are likely to represent the final
stages of the degeneration, in which the photoreceptors
have been committed to die. Much less seems to be known
about whether the nuclei undergo changes also in the steps
that lead up to this commitment. If this is the case, the
events that lead to nuclear alterations may act as collecting
points for various in-routes to the degeneration, and could
hence be of interest as molecular targets for therapy. It
seems therefore of value to establish how the nuclear status
of the degenerating photoreceptors transits from the normal
situation to one that represents a pathological condition.

These data suggest that chronic activation of the MAPK
cascade and altered expression of synaptic plasticity genes
underlies Phase 3 remodelling in the rd1 retina.
COI/Financial disclosure: Nothing to disclose
O384
SYSTEMIC DRUG THERAPY FOR DEGENERATIVE
RETINOPATHIES: TARGETING COMMON MOLECULAR
PATHOLOGIES

The current presentation seeks to review various results with
respect to nuclear events in connection with inherited retinal
degeneration. Much of the information is retrieved from
studies on the rd1 mouse, which has an early and very rapid
degeneration
that
favourably
allows
simultaneous
comparisons of photoreceptors at various stages of the
disease. For instance, at relevant time points for this model,
routine nuclear staining by e.g. DAPI reveals a normal
phenotype of most of the photoreceptor nuclei. However, in
the same preparations such staining identifies also
photoreceptor nuclei with varying degrees of irregularity,
which thus may represent different stages of the
degenerative processes. The studied aspects include these
and other chromatin related changes but also events that
may be linked to DNA damage and repair.

P. Humphries, A.-S. Kiang, M.M. Humphries, M. Campbell
Institute of Genetics, Trinity College Dublin, Dublin, Ireland
Notwithstanding successes in human gene-replacement
trials for Leber congenital amaurosis (LCA), a total of 60
genes have been implicated in retinitis pigmentosa (RP) and
LCA, rendering these conditions amongst the most
genetically heterogeneous of any inherited condition. In
addition, complex molecular pathologies underlying agerelated macular degeneration (AMD) continue to emerge.
Hence, approaches to therapy that target disease processes
common to multiple genetic forms of condition, are
logistically and economically attractive. Photoreceptors often
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die by a combination of insults that could, in principle, be
targeted by systemic treatment with clinically validated drugs
suppressing cell death, oxidative stress, or mis-folding of
mutated proteins. Indeed, a number of clinical trials have
either been registered or are currently recruiting for RP and
LCA including assessment of the efficacies of a number of
orally administered compounds including valproic acid,
docosahexanoic acid (DHA), vitamin A and a 9-cis retinalenriched compound. However, given the very large number
of compounds that could potentially be deployed in therapy,
such trials are few in number. We suggest that a major
reason for this is the lack of permeability of the inner bloodretina barrier (iBRB) to systemically administered drugs. The
inner retina is suffused with capillaries which are lined with
endothelial cells that are sealed by tight-junctions composed
of up to 30 proteins, in combination, representing the iBRB.
We have previously shown in mice that controlled downregulation of one of these, claudin-5, induces a marginal
increase in barrier permeability to very low molecular weight
compounds. The modulatory process is reversible, and is
induced only for the period of time during which periodic
drug administration is required. We have observed no
negative effects of this system on retinal function or viability,
or on global retinal gene expression profiles - a sensitive
indicator of potential adverse effects on retinal physiology,
nor is any retinal edema observable as assessed by high
resolution MRI. The system is highly specific for the iBRB
(claudin 5 does not constitute part of the outer blood-retina
barrier). Preliminary data from a non-human primate study in
African Green monkeys suggest that intra-vitreal and subretinal inoculation of CLDN5 AAV-2/9 is well tolerated.
Moreover, delivery of this vector resulted in no evident
change in ocular appearance by color fundus photography or
OCT. No adverse systemic effects of AAV vector delivery
were observed by either sub-retinal or intra-vitreal delivery. A
full characterization of CLDN5 AAV-2/9 will facilitate moving
this technology towards clinical end-points.

(docosahexaenoic acid) are present naturally in ocular
tissues, specifically the macular pigment of the retina, in the
retinal pigment epithelium and other structures. We have
demonstrated that DHA reduces oxidant damage in RPE
cells in vitro and lutein and DHA are capable of normalizing
the diabetes-induced modifications in oxidative stress and
apoptosis markers in diabetic rats. Oxidative stress has been
implicated in the pathogenesis of retinitis pigmentosa and
our group have used as a treatment a combination of
antioxidants (zeaxanthin, lutein, a-lipoic acid and
glutathione) that drastically reduced the number of rod
photoreceptors displaying oxidatively damaged DNA, and
delayed the degeneration process significantly in rd1 mice.
Our results of in vitro and in vivo studies indicate that
antioxidant administration directly protects against oxidative
stress, and delay the peroxidation of membrane
phospholipids. The potentially protective effects of all the
antioxidants used in our previous studies are intriguing.
Additional trials that confirm a prophylactic effect against eye
degenerative processes are worth pursuing as a potential
avenue for preventing ocular disease.
COI/Financial disclosure: Supported in part by a grant
2010-21317 from MICINN, Spain to FJR.
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THE ROLES LIM-DOMAIN BINDING PROTEINS IN
MAMMALIAN RETINA
1

1

Background and aims: The generation of the neuroretina
during embryogenesis occurs through gradual differentiation
of multipotent retinal progenitor cells (RPCs) to the diversity
of retinal cell types. Members of the LIM family of
transcription factors are known to play important roles in the
transition of progenitors to differentiated cell types
throughout the CNS. Few members of this family were
shown to play a role during retinal development for the
establishment of retinal identity (Lhx2) and differentiation of
specific retinal lineages (Islet1). The LIM-domain binding
proteins (Ldbs) are essential cofactor-proteins for the activity
of the LIM factors. The composition of Ldb complexes
influences cell-fate and differentiation depending on the
developmental context. Despite their importance, the role of
Ldbs in retinal development is currently unknown. The aim of
this study is to investigate the roles of Ldb proteins during
retinal development.
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TREATMENT WITH ANTIOXIDANTS PREVENT VISION
DISEASES
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Vision diseases, like age-related macular degeneration,
cataracts and retinopathy associated to diabetes mellitus,
corneal opacification and retinitis pigmentosa are the most
prevalent and important causes of blindness in the world and
their mechanisms of action are yet unclear. Most of these
are thought to result from damage caused to various cell
types in the eye by oxidative stress.The retina, which uses
more oxygen than any other tissue in the body, is very
susceptible to damage, and long-term exposure to radiation
can damage photoreceptor outer segments, inhibiting
mitosis in the retinal pigment epithelium and the choroid and
all these processes have been associated with
photoreceptor degeneration and lipid peroxidation.
Polyunsaturated fatty acids found in the photoreceptor
membranes of the rods and cones of the retina are
particularly susceptible to damage. Their many double bonds
predispose them to oxidation, which in turn causes lipid
radicals to form. This initiates a cytotoxic cascade that
makes these fatty acids unavailable to the photoreceptor
membranes and results in losses in function and structural
integrity. We have been working more than 10 years in the
prevention of oxidative stress in retina and all eye structures
by administration of different antioxidants as neuroprotective
molecules. The carotenoid pigment, lutein and DHA

loxP/loxP

-/-

;Ldb2 ;α-Cre mice
Methods: We established the Ldb1
in which Ldb1 was deleted exclusively in the retinal
progenitors populating the optic cup prior to onset of cell
differentiation. The phenotype of the Ldb1/2 deficient retina
was analyzed for determining changes in tissue morphology,
cell fate, proliferation and survival employing histology,
immunohistochemistry and in-situ hybridization technologies.
Results: The loss of Ldb1/2 from RPCs resulted in early
depletion of the retinal progenitor cells and elevation in the
number of post-mitotic precursors of early born retinal
lineages. Furthermore, the photoreceptor precursors and
late born retinal cell types failed to be specified in the Ldb1/2
deficient optic cup.
Conclusion: Our findings reveal crucial function for Ldb
proteins in maintaining the pool of RPCs probably by
preventing premature cell cycle exit of RPCs. The study
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further suggest a role for Ldb proteins in specification of the
photoreceptor lineage in mammals.

tumorigenesis is accompanied by an increase in oxidative
stress and associated upregulation of growth factors
including vascular endothelial growth factor (VEGF). Robust
tumor vascularization is necessary for tumor growth and
survival.
Nanoceria
are
antioxidant
nanoparticles
characterized by a unique ability to catalytically participate in
redox reactions mimicking the activity of superoxide
dismutase and catalase. Previous data generated by our
laboratory indicate that nanoceria are capable of reducing
oxidative stress and regressing neovascular growth in a
mouse model of retinal angiomatous proliferation (VLDLR -/mice). Our initial studies using nanoceria demonstrate that
nanoceria are able to inhibit tumor growth in vivo. Therefore,
we hypothesize that in vivo treatment with catalytic
antioxidant nanoparticles will result in downregulation of
VEGF, inihibition of angiogenesis, and decreased tumor
growth in a mouse model of heritable retinoblastoma.
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LINC COMPLEXES MEDIATE THE POSITIONING OF
CONE PHOTORECEPTOR NUCLEI
D. Razafsky, D. Hodzic
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LINC complexes (Linkers of the Nucleoskeleton to the
Cytoskeleton) are macromolecular scaffolds that span the
nuclear envelope (NE) and physically connect the nucleus to
cytoskeletal components. They form through direct
interactions between evolutionary conserved SUN and
KASH domains that characterize two families of integral
transmembrane proteins of the NE: Sun proteins and
Nesprins, respectively. Sun proteins (Sun1, Sun2) populate
the inner nuclear membrane and interact directly both with
lamins in the nucleoplasm and with Nesprins in the
perinuclear space. In turn, Nesprins (Nesprin1, 2, 3 and 4),
which localize on the outer nuclear membrane, provide
cytoplasmic interactions sites for cytoskeletal networks and
molecular motors. In agreement with a role for LINC
complexes in nuclear positioning, germline mutations of Sun
and Nesprin orthologs in C.elegans, D. melanogaster and
M.musculus alter nuclear anchorage and/or migration. Here,
we report the development of a novel transgenic mouse
model that allows for the inducible disruption of endogenous
LINC complexes in a cell/tissue-specific manner. Applied to
cone photoreceptors (CP), whose nuclei occupy tractable
positions on the apical side of the outer nuclear layer (ONL),
this transgenic strategy revealed that 1) disruption of LINC
complexes can be targeted to CP, 2) CP nuclei with
disrupted LINC complexes occupy ectopic position on the
basal side of the ONL, 3) this ectopic localization originates
from the inability of CP precursors nuclei to migrate towards
their final apical position during early postnatal retinal
development. Interestingly, a similar phenotype was
-/-/observed in Sun1 but not in LMNA retinas indicating that
A-type lamins do not play a role in cone nuclei positioning.
This new mouse model provides a valuable tool to further
examine the molecular mechanisms as well as the
physiological relevance of developmentally regulated nuclear
movements that ultimately underlie the laminar organization
of the retina and other CNS tissues.

Methods: Tumorigenesis in P53TKO mice was monitored
using small animal funduscopy. At the onset of visible tumor
development, a predetermined therapeutic dose of
nanoceria (172 ng/eye) was injected into the vitreous humor
Lox/Lox/-/; p53
; P107 ). Live
in P53TKO mice (Chx10-cre; Rb
animal imaging including fluorescein angiography, optical
coherence tomography, and funduscopy and molecular
analysis including western blot were used to assess changes
in vasculature, VEGF expression, and tumor growth.
Results: Intravitreal injection of nanoceria in mice with
bilateral, multifocal retinoblastomas resulted in inhibition of
tumor growth and regression of existing tumors.
Conclusion: Our data indicate that nanoceria are potent
inhibitors of tumor growth and represent a novel therapeutic
approach to targeting ocular malignancy.
COI/Financial disclosure: SS, and JFM are co-inventors of
US patents to UCF and OUHSC on the use of nanoceria to
inhibitreactive oxygen species in mammalian cells(7347987,
March 25, 2008).
O389
PROLONGED NMDA TREATMENT INDUCES
NEUROPROTECTIVE PATHWAYS IN PRIMARY RETINAL
GANGLION CELLS THROUGH PHOSPHORYLATION OF
CAMP RESPONSE ELEMENT-BINDING PROTEIN (CREB)
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IN VIVO TARGETING AND INHIBITION OF
RETINOBLASTOMA WITH CATALYTIC ANTIOXIDANTS
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Purpose: Calcium influx through postsynaptic NMDA
receptors stimulates expression of key pro-survival neuronal
genes. However, prolonged stimulation activates excitotoxic
changes that elicit the apoptotic cascade in neurons. Primary
hippocampal neurons exposed to 100µM NMDA for 1-2
hours show rapid dephosphorylation of CREB. Activation of
CREB specific phosphatases may be one of the main
pathways mediating apoptosis during NMDA excitotoxicity in
hippocampal neurons. The mechanisms underlying potential
NMDA excitotoxicity in primary RGCs are not completely
understood, and it is unclear if changes of CREB
phosphorylation occur in primary RGCs after prolonged
stimulation with NMDA. Our current study investigated the
effect of NMDA stimulation on the phosphorylation of CREB
in primary RGCs, and assessed if NMDA overstimulation
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Background and aims: Retinoblastoma is a solid ocular
malignancy
of
early
childhood.
Retinoblastoma
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caused excitotoxic changes similar to those seen in primary
hippocampal neurons.

CBP and p300 embryos with various combinations of these
HAT alleles. Deletion of either CBP or p300 alone caused
minimal changes in lens and corneal development. However,
compound mutants indicate proper lens morphology requires
the presence of at least one allele of either CBP or p300. In
-/+/CBP ;p300 mutants, defects in lens fiber cells were
accompanied by disrupted corneal morphogenesis. In
+/-/contrast, CBP ;p300 mutants showed relatively normal
corneal formation, suggesting CBP has distinct functions
from p300 in cornea and eyelid formation. Homozygous
deletion of CBP/p300 causes severe lens placode defects,
resulting in anophthalmia. Key lens regulators, Pax6 and
Sox2 as well as H3K18 and H3K27 acetylation levels were
reduced in double mutants. Our data suggest CBP and p300
are required in the lens to maintain cell-type identity.

Methods: Purification and culture of primary RGCs from P3P7 Sprague-Dawley rats. Immunoblotting was performed to
identify signaling pathways linked to NMDA induced changes
in cell survival. Optic nerve crush (ONC) was performed on
rats, and retinas were harvested 2, 7, and 14 days after the
crush insult.
Results: Treatment of RGCs with NMDA for 6 and 24 hours
increased phosphorylation of transcription factor CREB 2-3
fold, while pretreament or/co-treatment with the NMDA
antagonist
MK801
completely
abolished
CREB
phosphorylation. Finally, ONC decreased retinal NMDAreceptor-1 protein levels significantly (25%, 30%, and 40%,
at 2, 7 and 14 day, respectively).
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Conclusions: These results demonstrate that NMDA
signaling is essential for RGC survival and that blocking
calcium signaling through this receptor by the NMDA
blocker, MK801, can be detrimental to RGC function. A
decrease in NMDA receptor expression after ONC suggests
that under-activation instead of over-activation may lead to
RGC apoptosis during retinal insults. These results also
demonstrate that primary RGCs behave differently than
hippocampal neurons during prolonged NMDA stimulation,
and may be resistant to NMDA excitotoxicity.
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ACCUMULATION OF CGMP IS RESPONSIBLE FOR
CONE DEATH IN CNG CHANNEL DEFICIENCY
1

2

2

Cone phototransduction mediated by cyclic nucleotide-gated
(CNG) channels is essential for color vision and for visual
acuity. Naturally occurring mutations in the cone CNG
channel subunits CNGA3 and CNGB3 are associated with
achromatopsia, progressive cone dystrophy, and some
forms of maculopathies. This work investigates the cellular
and molecular mechanism of cone degeneration in CNG
channel deficiency. As cones comprise only 2-3% of the total
photoreceptor population in the wild-type mouse retina, we
generated a mouse line with CNGA3 deficiency on a cone-/-/dominant background, i.e. Cnga3 /Nrl mice to facilitate our
study. The retinal phenotype and cellular and biochemical
changes were examined by functional, immunohistochemical
-/-/and biochemical approaches. Cnga3 /Nrl mice showed
impaired cone function, enhanced apoptotic death and cone
-/degeneration similar to that in Cnga3 mice. We observed a
massive elevation of cGMP, which was about 100-fold
-/-/higher in the Cnga3 /Nrl retinas than in the age-matched
-/-/-/Nrl retinas. The level of cGMP in Cnga3 /Nrl retinas
started to increase at postnatal day 10 (P10), stayed high
through P30, and returned to control levels at P90. This
elevation correlated with the rate of photoreceptor apoptotic
death, which was highest between P15 and P30. Treatment
with the soluble guanylyl cyclase (GC) inhibitor ODQ
-/-/and Cngb3
mice.
reduced cone death in Cnga3
Furthermore, cone survival was significantly improved in
-/-/-/Cnga3 /Gucy2e mice (Gucy2e mice lack the expression
of retinal GC-1). Hence by using pharmacological and
genetic approaches, we demonstrated that the accumulation
of cGMP is responsible for cone death in cone CNG channel
deficiency. This work sheds light on our understanding of the
mechanism(s) of cone degeneration.

HISTONE LYSINE ACETYLTRANSFERASES CBP AND
P300 DETERMINE CELL FATE OF LENS PROGENITOR
CELLS AND PLAY SUBSEQUENT ROLES IN CORNEAL
MORPHOGENESIS
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CBP and p300 are chromatin remodeling enzymes that
catalyze acetylation of specific lysine residues in core
histone subunits and other nuclear and cytoplasmic
substrates. CBP and p300 interact with over 400 proteins,
acting as hubs in gene regulatory networks. In humans,
mutations in CBP results in Rubenstein-Taybi syndrome, a
disease characterized by postnatal growth retardation,
skeletal abnormalities as well as numerous ocular defects.
Mouse models have shown CBP and p300 is essential for
early embryonic development. Previous studies have shown
that CBP/p300 have distinct temporal/spatial expression
patterns in mouse lens and are required for expression of
lens crystallins. Given the role of chromatin remodeling in
embryonic development, our hypothesis predicts that lens
placode formation requires coordinated action of different
chromatin remodellers and an establishment of “stable”
patterns of histone posttranslational modifications (PTMs) at
key loci responsible for lens cell identity/cell-type memory.
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THE ROLE OF CRYSTALLIN BETA B-2 (CRYBB2) IN
REGENERATION OF RETINAL AXONS AFTER INJURY
S. Thanos, M.R. Boehm

Herein, we inactivated CBP and p300 in ectodermal cells
that give rise to the lens and corneal epithelium. We deleted
each gene separately using Le-Cre and generated double
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Adult retinal ganglion cells (RGCs) can regenerate their
axons in vitro and in vivo and serve as a model to examine
mechanisms of brain repair. Using regenerating retina tissue
in culture and injured optic nerve, we have discovered that
certain isoforms of crystallins are specifically upregulated.
The isoform crystallin beta-b2 (crybb2) is clearly upregulated
in the regenerating retina when compared with controls.
Immunohistochemistry revealed the expression of crybb2
within the retina, including in filopodial protrusions and axons
of RGCs. Cloning and overexpression of crybb2 in RGCs
and hippocampal neurons increased axonogenesis, which in
turn could be blocked with antibodies against beta crystallin.
Conditioned medium from crybb2-transfected cell cultures
also supported the growth of axons. Finally, real-time
imaging of the uptake of GFP-tagged-crybb2 fusion protein
in single cells showed that this protein becomes internalized.
When injected into the vitreous body in vivo, crybb-2 is
anterogradely transported into the injured optic nerve. When
overexpressed in NPCs that were implanted into the
damaged optic nerve, the protein supported regrowth of
axons within the optic nerve. These data are the first to show
that axonal regeneration is related to crybb2 expression and
transport. The results suggest that neuronal crystallins
constitute a novel class of neurite-promoting factors that
likely operate through an autocrine mechanism, and that
they could be used in neurodegenerative diseases.

PCR). CorNV and lens crystallins expression were
compared. In some experiment, purified aA crystallin was
injected into subconjunctival space before CorNV induction,
and the effect of such treatment on CorNV was evaluated.
Results: The change pattern of lens crystallins was highly
dependent on the animal strains and the method for inducing
CorNV (Figure1). On the contrary, most of the corneal
crystallins like aldehyde dehydrogenase 1A1 and 3A1,
transketolase, were significantly down regulated in all strains
and under all conditions. RT-Q-PCR assay confirmed the
change patterns of lens crystallins. When subjected to SCorNV induction, 129Sv and aA- or aB-crystallins deficient
mice did not show significant difference in CorNV
development. However, when purified aA-crystallins were
subconjunctivally administered, it delay the onset of SCorNV and inhibited its progression.
Conclusion: Lens crystallins are involved in the
development of inflammatory CorNV in a versatile mannaer,
depending on the animal strains and initiator of
neovascularization. We propose that lens crystallins might
manifest different modulatory functions during CorNV.
Furthermore, exogenous aA-crystallins might be exploited
for managing CorNV-related diseases.
FIGURE 1. Clustering of all len crystallin probes along
the strains and treatments of mice. Five mice were
included for each array, and two to three microarrays
(c1~c3) in each group.
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ROLE OF LENS CRYSTALLINS IN CORNEAL
NEOVASCULARIZATION
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OCULAR ALDEHYDE DEHYDROGENASES: FROM
CRYSTALLINS TO CANCER STEM CELLS
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ALDH1A1 and ALDH3A1 have been identified as corneal
and lens crystallins, playing a crucial role in the ocular
cellular defense against ultraviolet light. ALDH1A1 is capable
of other non-catalytic interactions with chemically-diverse
range of compounds, including endobiotics (androgen,
thyroid hormone and cholesterol) and xenobiotics
(flavopiridol,
daunorubicin
and
quinolone).
The
physiological/toxicological role of such interactions remains
to be established. ALDH1A1 exerts significant enzymatic
activity. As one of the retinaldehyde dehydrogenases, it
catalyzes the oxidation of retinaldehyde (retinol metabolite)
to retinoic acid. ALDH1A1 detoxifies ethanol-derived
acetaldehyde and protects dopaminergic neurons by
degrading toxic metabolites of dopamine. In recent years,
ALDH activity has been identified and used widely as a
marker for stem cells from both normal and cancerous
tissues. We have recently elucidated a role for ALDH1A1
and ALDH3A1 in hematopoietic stem cell biology. In
cancerous tissues, stem cells possessing ALDH activity
exhibit profound tumorigenic potential. ALDH1A1 expression
occurs in several human epithelial cancers including those of
liver, lung, breast and pancreas. ALDH3A1 has been
identified as a potential diagnostic marker for non-small-cell
lung cancer and proposed to be a candidate gene in the
pathogenesis of esophageal squamous cell carcinoma. The
molecular basis of the selective expression of ALDH1A1
and/or ALDH3A1 in these cancers is not completely
understood. Similarly, their mechanistic contribution to the
tumorigenic phenotype remains to be defined. We believe
that the metabolic activities of these crystallins as well as

Background and aims: The molecular mechanisms for
corneas to maintain the avascular status remains largely
unclear. A group of enzymes referred to as corneal
crystallins were proposed to contribute to corneal
transparency. We recently reported that the three lens
crystallins, namely α-, β- and γ-crystallins are also
physiologically expressed in mouse and human corneas
(Mol Vis 2010; 16:2745). Using microarray methods, we
further found that these lens crystallins were highly
overexpressed in Balb/c mice corneas upon induction of
corneal neovascularization (CorNV) using suture placement
(S-CorNV) or chemical burn (CB-CorNV) (Mol Vis 2011;
17:2386). Aiming at discovering the role of lens crystallins in
corneal avascularity, this study investigated the relationship
of lens crystallins changes and development of CorNV in
more detail.
Methods: S-CorNV and CB-CorNV were set up in Balb/c,
C57Bl/6, 129Sv mice, aA- or aB-crystallin-knockout mice.
The expression of lens crystallins and corneal crystallins in
corneas were detected at mRNA level by microarray profiling
or reverse transcription quantitative real-time PCR (RT-Q135

their capacity for protein-protein interactions may be key
elements in their tumorigenic actions.
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Background and aims: AlphaB crystallin (CRYAB) is a low
molecular weight chaperone protein expressed in retinal
pigment epithelial (RPE) cells and retina and has antiapoptotic and anti-inflammatory properties. In this study we
investigated the localization, secretion and function of
CRYAB in non-polarized and polarized human RPE in vitro,
and the role of CRYAB in retinal angiogenesis and retinal
degeneration in vivo.
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Methods: Confluent early passage human RPE, polarized
human RPE and RPE isolated from CRYAB-KO were
treated with H2O2. Subcellular localization of CRYAB was
studied using confocal microscopy. RPE apoptosis was
quantified with multiple methods. Polarized secretion of
CRYAB and its localization with exosomal marker CD63 was
studied. Uptake of recombinant CRYAB in photoreceptors
was studied using retinal explants. Intraocular angiogenesis
was induced in CRYAB-KO and wild type (WT) mice using
oxygen induced retinopathy and laser induced choroidal
neovascularization models. Time and dose-dependent
effects of intravenous NaIO3 was evaluated in 6 week old
WT and CRYAB-KO mice and underlying mechanisms were
investigated. Anti-apoptotic properties of 20-mer peptides
derived from CRYAB were evaluated in RPE cells under
oxidative stress.

ΒA3/A1-CRYSTALLIN REGULATES AUTOPHAGY IN RPE
CELLS THROUGH CAMKKΒ/AMPK/MTOR SIGNALING
PATHWAY
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Crystallins are believed to have been evolutionarily recruited
to the lens from other tissues. Our laboratory has been
studying the non-lens function of one of the β-crystallin
family members, βA3/A1-crystallin. We have shown that
βA3/A1-crystallin is expressed in RPE and is trafficked to
lysosomes. In the Nuc1 mutant rat, however, βA3/A1crystallin is mutated and is not found in lysosomes;
importantly, both autophagy and phagocytosis are impaired
in Nuc1 RPE. Our studies indicate that βA3/A1-crystallin
may be a novel lysosomal component required by RPE in
both autophagy and phagocytosis. To further investigate the
role of βA3/A1-crystallin in autophagy, we have done lossand gain-of-function studies in primary cultures of human
RPE cells. The expression levels of proteins known to be
involved in movement of autophagosomes along
microtubules for fusion with lysosomes remain unchanged.
However, autophagosome-lysosome fusion studies, in which
RPE
cells
were
labeled
with
mCherry-LC3II
(autophagosome) and LAMP1-YFP (lysosome) suggest a
possible defect in the fusion process in cells lacking
functional βA3/A1-crystallin. Moreover, Rab7 GTPase, Rabinteracting lysosomal protein, and lysosome-associated
membrane proteins 1 and 2, which are crucial in the fusion
process, are decreased in βA3/A1-crystallin deficient RPE
cells. Our data also show that the activity of Cathepsin D, the
major enzyme responsible for outer segment degradation, is
decreased in RPE cells that lack functional βA3/A1-crystallin.
Conditional knockout mice, in which we deleted βA3/A1crystallin specifically from RPE, show abnormalities in
autolysosome formation and degradation. Both our in-vitro
and in-vivo data indicate that βA3/A1-crystallin may regulate
autophagy in RPE cells by modulating intracellular reactive
oxygen species/calcium through the CaMKKβ/AMPK/mTOR
pathway. It is tempting to speculate that perturbation of
normal phagocytosis and/or autophagy may be a factor in
AMD, because βA3/A1-crystallin has been reported to be
present in human drusen, and a possible role of lysosomes
in AMD has recently been suggested.

Results: CRYAB was localized to mitochondria and ER
compartments. RPE cells from CRYAB-KO mice exhibited
increased susceptibility to apoptosis induced by H2O2.
Evidence for release of exosomes by RPE and localization
of CRYAB within exosomes was found. Polarized RPE cells
secreted CRYAB from their apical domain and partial
translocation to basal surface occurred with oxidative stress.
Exogenous recombinant CRYAB was taken up by
photoreceptors in retinal explants. CRYAB-KO mice showed
marked inhibition of retinal and choroidal angiogenesis
associated with decreased VEGF expression and increased
endothelial apoptosis. Absence of CRYAB accelerated and
augmented retinal degeneration in NaIO3 model.
Upregulation of PPAR-ɣ and AKT phosphorylation was found
in NaIO3 treated human RPE cells which were suppressed
by CRYAB knockdown. Chaperone peptides derived from
CRYAB protected RPE cells from oxidative stress.
Conclusions: Our data establish a) lack of CRYAB leads to
increased RPE cell death under oxidative stress b) CRYAB
is secreted via exosomal pathway from the apical domain of
RPE c) CRYAB is an important regulator of ocular
angiogenesis through intracellular regulation of VEGF d)
CRYAB plays a critical role in protection from NaIO3-induced
retinal degeneration and d) minichaperone peptides
exhibited similar RPE protection to that of parent crystallin.
Overall, our studies suggest that CRYAB could serve as an
important therapeutic target in the treatment of ocular
diseases.
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SEVERE OPTIC NERVE DEGENERATION IN THE RAT
ASSOCIATED WITH THE COMBINATION OF TWO
DISTINCT MUTATIONS

ALPHAB CRYSTALLIN IN RETINAL FUNCTION AND
DISEASE
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Genetic defects in laboratory animals may serve as highly
reproducible tools for investigating potential mechanisms of
human neuropathies. We have observed severe

136

degeneration of the optic nerve in Sprague-Dawley rats
homozygous for both the Nuc1 and Frogleg mutations, while
animals homozygous for either mutation alone, showed
minimal, if any, changes in optic nerve structure. Nuc1, an
eye-specific phenotype , results from a mutation in βA3/A1crystallin, a protein expressed by both astrocytes and retinal
ganglion cells; damage to either, or both, of these cell types
could deleteriously affect the optic nerve. Frogleg, for which
the gene has not been identified, has a phenotype
characterized by functional abnormality of the hindlimbs. By
transmission electron microscopy (TEM), the optic nerves in
the double mutants appeared essentially normal at 3 weeks
of age, indicating that myelination does occur, however, by 2
months of age the level of degeneration was extreme.
Consistent with the TEM findings, western blotting for
oligodendrocyte-specific proteins, myelin basic protein
(MBP, a major component of compact myelin) and 2',3'cyclic nucleotide 3'-phosphodiesterase (CNPase, a marker
for oligodendrocytes), demonstrated ~75% decrease for both
molecules in the optic nerves of double mutants at 5 months
of age relative to control animals, but no significant
difference at 21 days. The marked decrease in these
parameters in the optic nerves of adult double mutants was
not matched in the brain, where levels of MBP and CNPase
were not significantly different from control animals. By 2
months of age, profound effects were also present in the
retinas of the double mutants, particularly affecting the inner
retina. The mechanism whereby the combination of the two
mutations leads to severe effects on the optic nerve and
retina is currently under investigation.
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TRPV4 CHANNELS MODULATE PRESSURE
SENSITIVITY AND EXCITABILITY OF RETINAL
GANGLION NEURONS
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Retinal cells are immersed within a mechanically active
environment in which they must constantly cope with and
adapt to hydrostatic pressure and osmotic stress. Given that
excessive blood pressure, cell swelling and intraocular
pressure (IOP) increase the risk for developing ischemia,
edema and/or glaucoma there is a significant impetus for
elucidating transduction mechanisms that translate
mechanical impact into a physiological response. We have
identified TRPV4 (transient receptor potential vanilloid)
channel in mouse RGCs as a major player in this process.
Trpv4 mRNA and protein were confined to RGCs with
marked expression in somata, the optic nerve head and the
o
prelaminar optic region. Temperature (37 C) and exposure
2+
to selective TRPV4 agonists elevated [Ca ]RGC with
amplitudes that equaled or exceeded the responses to
saturating concentrations of glutamate and ATP. TRPV4
agonist-induced [Ca2+]i elevations were suppressed by
3+
Ruthenium Red- and Gd and occluded by membrane
stretch, revealing a non-redundant function for the channel in
RGC mechanosensation. TRPV4 activation induced >100fold increase in the frequency of spontaneous RGC firing
measured with multielectrode arrays whereas sustained
TRPV4 stimulation and membrane stretch induced apoptosis
of RGCs but not photoreceptors, bipolar or amacrine
neurons. Hypotonic stretch-induced swelling of RGCs was
associated with dose-dependent increases in cell area,
volume and [Ca2+]i and suppressed by TRP channel
blockers.
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We conclude that stretch-sensitive calcium influx through
TRPV4 channels provides a depolarizing drive that
modulates RGC excitability and response to swelling
whereas excessive stimulation of the channels initiates
neurodegenerative changes in RGCs through calcium
overload. The physiological properties of the channel would
seem to implicate it in retinal dysfunctions associated with
excessive mechanical stimulation.

In Drosophila, a PLC-mediated signaling cascade links
photo-excitation of rhodopsin to the opening of the Transient
Receptor Potential (TRP) and TRP-Like (TRPL) channels. A
lipid product of phospholipase C (PLC), diacylglycerol (DAG)
and its metabolite(s), polyunsaturated fatty acids (PUFAs)
may function as second messengers of channel activation.
However, how can one separate between the increase in the
above lipids, change in pH and PI(4,5)P2 depletion, when
exploring the gating mechanism? To answer this question
we co-expressed the TRPL channels, together with the
muscarinic (M1) receptor, enabling the openings of TRPL
channels via G-protein activation of PLC. To dissect PLC
activation of TRPL into its molecular components, we used a
powerful method which reduced plasma membraneassociated PI(4,5)P2 in HEK cells, within seconds, without
activating PLC. Upon addition of a dimerizing drug, PI(4,5)P2
was selectively hydrolyzed in the cell membrane without
producing DAG, IP3, or calcium signals. We show that
PI(4,5)P2 is not an inhibitor of TRPL channel activation.
While PI(4,5)P2 hydrolysis combined with either acidification
or application of DAG analogs failed to activate the
channels, PUFA did. Moreover, a reduction in PI(4,5)P2 level
or inhibition of DAG lipase during PLC activity suppressed
the PLC activated TRPL current, suggesting that PI(4,5)P2 is
a crucial substrate for PLC mediated activation of the
channels, while PUFA may function as the channel activator.
Together, this study defines a narrow range of possible
mechanisms for TRPL gating.
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A FUNCTIONAL ROLE OF TRPM1 RETINAL ONBIPOLAR TRANSDUCTION CHANNEL IN RELATION
WITH HUMAN DISEASES
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An essential step in intricate visual processing is the
segregation of visual signals into ON and OFF pathways by
retinal bipolar interneurons. We found that TRPM1-L is a
component of the ON BC transduction channel. We
identified a mouse trpm1 homologue of human TRPM1.
Trpm1 is alternatively spliced, resulting in the production of a
long form (trpm1-L) and a short N-terminal form (trpm1-S).
Although mouse trpm1-S was previously identified as
melastatin, mouse trpm1-L was not identified. Without
distinction between trpm1-L or -S, trpm1 has been reported
to be detected in human primary melanocytes, poorly
metastatic melanoma cell lines, mouse retinal pigment
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2+

epithelium (RPE), and subsets of ON and OFF BCs. We
found that TRPM1-L localization is developmentally
restricted to the dendritic tips of ON BCs in co-localization
with mouse GRM6 (mGluR6). Trpm1-null mutant mice
completely lose the photoresponse of ON BCs. TRPM1-L
channel activity is negatively regulated by activated Go in the
mGluR6 cascade. We examined if TRPM1-L is regulated by
Goa or Gbg. We performed inside-out patch clamp in the
presence of purified brain Goa or Gbg using TRPM1-L
expressing CHO cells.

dependent Ca -signaling. The IGF-1-dependent activation
of TRPV2 seems to be involved in VEGF secretion.

We then investigated a possible involvement of TRPM1
abnormality in pathogenesis of human retinal diseases. We
identified human TRPM1 gene mutations in congenital
stationary night blindness (CSNB) patients. Paraneoplastic
retinopathy (PR), including cancer-associated retinopathy
(CAR) and melanoma-associated retinopathy (MAR), is a
progressive retinal disease caused by antibodies generated
against neoplasms not associated with the eye. While
several autoantibodies against retinal antigens have been
identified, there has been no known autoantibody reacting
specifically against bipolar cell antigens in the sera of
patients with PR. We recently found that TRPM1 is one of
the autoantigens targeted by autoantibodies in patients with
CAR or MAR associated with retinal ON bipolar cell
dysfunction. Together, our results suggest that TRPM1 plays
an essential role in mediating the photoresponse in ON BCs
in humans as well as in mice.

B.G. Kennedy , A.J. Torabi , R. Kurzawa , N.J. Mangini
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Aims: Composition of the subretinal space (SRS) is
regulated by transport activity catalyzed by the retinal
2+
pigment epithelium (RPE). In particular, SRS [Ca ] varies as
a function of illumination. Though this response is modulated
by RPE transport activity, the transport proteins involved
have yet to be defined. TRPV5 and TRPV6, the most
calcium selective ion channels in the transient receptor
potential superfamily, are known to be expressed in epithelia
engaged in transepithelial calcium transport. This work
characterizes TRPV5 and TRPV6 in RPE.
Methods: Expression of TRPV5 and TRPV6 in cultured RPE
was assessed at the mRNA level by RT-PCR and at the
protein
level
by
Western
blot
analysis.
Immunocytochemistry, employed to determine subcellular
localization, was examined in formaldehyde-fixed sections of
native RPE/choroid as well as in cultured RPE monolayers.
TRPV5/TRPV6 activity was assessed in RPE cultures using
2+
indicator dyes to follow [Ca ]i as a function of channel
inhibition.

2+

CONTRIBUTION OF TRPV2 CHANNELS TO CA
SIGNALING IN THE RETINAL PIGMENT EPITHELIUM
1

1

2

O401

2

3

1

COI/Financial disclosure: Nothing to disclose

1

2

3

O. Strauß , S. Cordeiro , J. Stindl , R. Barro-Soria

Results: Direct sequencing of PCR DNAs documented the
presence of transcripts for both TRPV5 and TRPV6 in
human RPE. On the protein level, the reported molecular
weight of the core protein for both TRPV5 and TRPV6 is
about 75 kD with the expected size of the glycosylated
proteins in the range of 80-100 kD. Western blot analysis of
TRPV6 in RPE detected a distinct band at ~85 kD with
another strong band at ~60 kD. A similar pattern was seen
for TRPV5, with strong bands at approximately 80 kD and 70
kD. Immunocytochemistry showed that TRPV5 and TRPV6
are expressed in native RPE/choroid. Strong staining, for
both channels, was detected on apical and basolateral
plasma membranes. In cultured cells immunoreactivity was
present in the cytoplasmic domain as well as on the plasma
membrane. Stimulation of RPE phagocytic activity increased
the
intensity
of
plasma
membrane-associated
2+
immunoreactivity. In live-cell imaging experiments, [Ca ]i
was lower in the presence of the TRPV5/TRPV6 inhibitor
ruthenium red, consistent with the presence of
TRPV5/TRPV6-mediated calcium influx in RPE.
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The retinal pigment epithelium (RPE) forms a close
functional interaction with photoreceptors. A large variety of
RPE functions which are needed in that interaction are
2+
regulated by changes in intracellular free Ca . In order to
2+
generate function-specific Ca signals a large variety of
2+
Ca -conducting ion channels is needed as well. We found
that freshly isolated and cultured RPE cells (ARPE-19,
primary human RPE cells and primary porcine RPE cells)
express several different TRP channels, among them the
expression of TRPV1,2,3,4 and 5. Increases in the
extracellular temperature above 42°C leads a transient
2+
increase in intracellular free Ca which is accompanied by a
transient increase in the membrane conductance. Camphor
(400 µM) and capsaicin (1 µM) did not lead to changes in
2+
intracellular free Ca . In contrast, high concentration of 2APB (3 mM) and cannabidiol (15 µM) increased intracellular
2+
free Ca . As physiological stimuli we found that IGF-1 (50
2+
ng/ml) and AngII (100 nM) increased intracellular free Ca
which could be reduced by siRNA knock-down of TRPV2
2+
gene expression. Heat, IGF-1- or AngII-dependent Ca
3+
increases could be blocked by La (100 µM), ruthenium red
(100 µM) or SKF96365 (100 µM). Short increases in
extracellular temperature or stimulation by IGF-1 led to
increases in the VEGF secretion by ARPE-19 cells. In both
experimental paradigms stimulation of VEGF secretion could
be blocked by ruthenium red.

Conclusions: The RPE expresses epithelial calcium
channels TRPV5 and TRPV6. Present findings suggest that
these channels could function to mediate calcium influx from
SRS into RPE and thus regulate changes in SRS calcium
composition that accompany light / dark transitions.
COI/Financial disclosure: Supported in part by funds from
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In summary we conclude that TRPV2 channel is functionally
expressed in RPE cells from different species and can be
found in either cultured cells or in freshly isolated cells.
TRPV2 activation seems to play a role in IGF-1- and AngII-
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iontophoresis for therapy of the ocular bacterial infection.
More examples will be provided.

O403

Drug delivery to the posterior segment of the eye presents
many challenges. First is the physical barrier if the delivery is
topical. Second is the blood-retinal barrier if drugs are given
systemically. Third, many diseases of the posterior segment
are chronic, rather than acute and require multiple
therapeutic administrations. One clinically successful means
of drug delivery for the therapy of posterior segment
infections has been drug implants. New, novel, specially
designed microneedles for drug delivery to both the anterior
and posterior segment have also been developed. We will
present the advantages and disadvantages of these ocular
drug delivery systems with an emphasis on iontophoresis.

TARGETED DRUG DELIVERY THROUGH CORNEA VIA
TRANSPORTERS AND RECEPTORS
A.K. Mitra
School of Pharmacy-Pharmaceutical Sciences, University of
Missouri, Kansas City, MO, USA
Ocular drug delivery remains a challenging task due to its
restrictive barrier functionalities. Several strategies have
been explored to enhance cellular absorption of therapeutic
molecules across ocular barriers by targeting ocular
transporters and receptors. Several transporter targeted
prodrug
strategies
including
aminoacid,
dipeptide,
stereoisomeric peptide and transporter targeted prodrug
derivatization along with lipid raft approach will be presented.
This technology can be utilized to improve ocular
bioavailability of various drugs following both topical and oral
administration in order to treat several ocular infections and
disease conditions.
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Lipophilic prodrug derivatization, where a lipophilic linker is
conjugated directly to the drug and transporter targeted
approach, where a substrate for a membrane transporter is
conjugated directly to the drug has been developed. These
prodrugs translocate across cell membrane via active
transport. Though successful, both approaches have shown
only a marginal improvement in cellular uptake. Novel
concepts of combining transporter targeted approach via a
lipid raft which combines both the lipid and transporter
targeted delivery has shown significant synergistic effect.
Results from these studies suggest that targeted lipid
prodrugs exhibit higher affinity and transport across cornea.
The lipid raft facilitates enhanced interaction of prodrug with
cell membrane probably by assisting docking of the targeted
ligand into the binding domain of transporter protein. This
novel technology may aid in higher absorption of the parent
drug and ultimately may serve as an attractive strategy for
further advancement of ocular drug delivery.

NANOPARTICLES FOR THE TREATMENT OF
POSTERIOR SEGMENT EYE DISEASES
U. Kompella
Pharmaceutical Sciences, University of Colorado Anschutz
Medical Campus, Aurora, CT, USA
Drug product development for the back of the eye is often
hindered by inadequate drug delivery to the target sites.
Delivery systems such as nanoparticles allow enhanced,
targeted, or sustained delivery depending on the drug
properties and nanoparticle properties. For poorly permeable
molecules, nanoparticles might be useful in enhancing the
extent of drug delivery. Cellular and subcellular targeting is
also more readily feasible with nanoparticles as opposed to
larger microparticles. For sustained delivery, although larger
implants and microparticles are typically used for permeable
drugs, nanoparticles also offer the ability to sustain drug
release. Our research developed nanoparticles for
noninvasive drug delivery to the back of the eye, targeted
delivery from the systemic circulation to the neovascular
lesions, and for enhanced retinal pigment epithelial cell
delivery. Using dendritic polyguanidilyated translocators and
PLGA nanoparticles functionalized with transferrin, we
observed enhanced and sustained back of the eye drug
delivery from eye drops. Using RGD peptide and/or
transferrin conjugation on PLGA nanoparticle surface, we
demonstrated enhanced nanoparticle and gene delivery to
the back of the eye in treating choroidal neovascularization.
These particles were also useful in sustaining gene delivery.
Using LHRH agonist and transferrin functionalized
nanoparticles, we observed enhanced retinal pigment
epithelial cell uptake of nanoparticles. Thus, nanoparticles
and related technologies offer a versatile platform to improve
drug and gene delivery to the back of the eye.
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THERAPEUTIC STRATEGIES FOR INFECTIOUS
DISEASES OF THE ANTERIOR AND POSTERIOR
SEGMENTS: OCULAR IONTOPHORESIS FOR THERAPY
OF INFECTIOUS DISEASES
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Transcorneal and transscleral iontophoresis of ocular
therapeutic
agents
have
resulted
in
successful
chemotherapy in animal models of infectious diseases.
Although transcorneal iontophoresis of fluorescein has been
used extensively to study fluid dynamics in humans, there
are very few human therapeutic trials using ocular
iontophoresis. We showed in a rabbit eye model the potency
of transcorneal iontophoresis for the treatment of
tobramycin-resistant Pseudomonas keratitis. A single
iontophoretic application of tobramycin to rabbit corneas
infected with a tobramycin-resistant Pseudomonas sp.
significantly improved therapeutic outcome compared to
frequent, topical, high doses of fortified tobramycin (3%).
This is one example of the potency of transcorneal
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Pathologies affecting the posterior segment of the eye may
represent visual impairment and blindness. Treatment of
chronic intraocular diseases often include repeated
intravitreal injections to achieve effective concentrations in
the target site. However, intravitreal injections are often
associated to adverse effects and the risk of complications
increases with the frequency of intravitreous administrations.
Intraocular drug delivery systems (IODDS) offer an excellent
alternative to multiple injections. These systems are capable
to deliver drugs over long periods of time. Currently, several
kinds of IODDS (biodegradable and non biodegradable) are
under clinical use and/or under investigation. Among the
erodible systems, microparticles (1µm-1000µm particle size)
provide an alternative to frequent injections as they are able
to provide sustained release of the active substance during
several weeks or months with a single administration.
Among the biodegradable polymers used to make injectable
microspheres, poly(lactic-co-glycolide) acid ( PLGA) is
widely employed. One of the main advantages of PLGA
microspheres is that they can be administered as a
conventional injection avoiding surgical procedures for their
intraocular administration. Furthermore, as they are
biodegradable they disappear from the target site once the
drug has been released. Microspheres aggregate at the site
of injection after their administration. Signs of inflammation
have been described associated with intravitreal injection of
microspheres. These signs were similar to the ones reported
for sutures and disappeared 2-4 weeks after administration.
Local administration of microspheres has been carried out
by intravitreal and periocular injections. PLGA microspheres
in ophthalmology have been prepared with different active
substances (anti-inflammatory agents, neurotrophic factors,
antivirals, proteins, antioxidants, vitamins...). Sterility is a
critical factor for formulations destined to intraocular
administration. Gamma irradiation is widely employed for
terminal sterilisation due to its high penetration. The dose
required to assure sterilisation of a pharmaceutical product is
25 kGy. Nevertheless, this dose produces a significant
alteration of PLGA polymers affecting the properties of the
final product. This problem has been already solved by using
low temperatures during the exposure time of the
microspheres to gamma-radiation. This method has
presented optimal results for PLGA microspheres loaded
with drugs such as acyclovir, dexamethasone, ganciclovir,
ketorolac and neurotrophic factors.

including ICAM-1 and VCAM-1, which can bear imaging or
therapeutic payloads and deliver them to the cytoplasm of
dysfunctional endothelial cells. The goal of this study was to
demonstrate the utility of CAM targeted nanocarriers for sitespecific delivery of antiangiogenic siRNAs in two animal
models of retinal neovascularization. CAM targeted
nanocarriers bearing VEGFR2 siRNAs were synthesized
and characterized to determine optimal size, surface charge,
and encapsulation efficiencies. Cytotoxicity, delivery
efficiency, and functional knockdown of several molecular
targets were determined in retinal microvascular endothelial
cells. Biodistribution and efficacy of nanocarriers in animal
models of laser-induced choroidal neovascularization and
oxygen-induced retinopathy were analyzed. CAM targeted
nanocarriers were capable of specific targeting of ICAM-1
and VCAM-1 on inflamed retinal endothelial cells in vitro,
and triggered release of siRNA following internalization was
observed. Specific targeting of neovascular endothelial cells
was observed in both animal models of vascular disease,
using CAMs on neovessel endothelial cells as a portal for
delivery of therapy. Knockdown of molecular targets via
siRNAs was achieved in vitro and in vivo without adverse
effects on cell and tissue function. CAM targeted
nanocarriers are a promising framework for the delivery of
diverse imaging and therapeutic payloads to diseased retinal
endothelial cells in vivo.
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AN S/MAR-BASED GENE DELIVERY VECTOR
PROVIDES PERSISTENT EPISOMAL TRANSGENE
-/EXPRESSION IN THE RPE AND RESCUES THE RPE65
MODEL OF LEBER'S CONGENITAL AMAUROSIS
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PLGA microspheres can be considered a good approach for
long term therapy of chronic diseases affecting the posterior
segment of the eye.

Mutations in many genes in the retinal pigment epithelium
(RPE) cause or contribute to debilitating degenerative
diseases with high incidence and visual morbidity including
Leber's congenital amaurosis (LCA). Genetic therapies,
particularly AAV, are a popular choice for monogenic ocular
diseases, however the limited payload capacity of AAVs
combined with the large number of retinal disease genes
exceeding that capacity make development of alternative
delivery methods critical. Here we test the ability of
compacted DNA nanoparticles (NPs) carrying vectors
containing scaffold matrix attachment regions (S/MARs) to
target the RPE, drive long-term gene expression, and
-/mediate proof-of-principle rescue in the rpe65 model of
LCA. We show that inclusion of an S/MAR not only
increased the uptake and retention of both plasmid DNA and
NPs in the RPE after subretinal injection, but also increased
reporter gene expression levels by several fold compared to
plasmids or NPs without S/MARs. Importantly, this
expression was highly persistent, lasting up to two years
(last time point studied). We further observe that subretinal
-/injection of rpe65 mice with either NP or plasmid VMD2hRPE65-S/MAR
led
to
structural
and
functional
improvements in the LCA disease phenotype. These striking
results suggest that non-viral delivery of S/MAR containing
vectors results in persistent, therapeutically efficacious gene
expression in the RPE. As a result, NPs and vectors with
S/MARs may be an important addition to other types of
ocular genetic therapies.
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SITE-SPECIFIC DELIVERY OF SIRNA TO RETINAL
NEOVASCULAR LESIONS USING POLYMERIC
NANOCARRIERS
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Cell adhesion molecules (CAMs) are markers of
inflammation expressed on retinal endothelial cell surfaces in
a broad spectrum of ocular vascular diseases, including
retinal neovascularization, and therefore constitute potential
targets for promoting homing, binding, and internalization of
nanoscale imaging and therapeutic agents. We have
developed a series of nanocarriers targeted against CAMs,
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Background and aims: Rapid drug clearance limits the
effectiveness of topical drugs in treatment of anterior
segment diseases including severe infection, inflammation
and acute trauma. The acinar cells of the lacrimal gland
produce and release the aqueous component of the tears.
Drug carriers that can be selectively transported from
interstitial fluid through acini and into tears via transcytotic
pathways offer the potential to provide sustained ocular
surface release of drugs. Here we report the development of
two such novel carriers comprised of diblock elastin-like
polypeptides (ELPs) that assemble monodisperse micelles
displaying multivalent peptide ligands, which confer uptake
and transcytosis in acinar cells: a short IgA-derived peptide
termed mIgA and the knob domain of adenovirus fiber
protein. ELPs are biodegradable and biocompatible protein
polymers, which are emerging as a new platform for
genetically-engineered nanoparticles.
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PRE-CLINICAL SAFETY AND PHARMACOKINETICS OF
TOPOTECAN HYDROCHLORIDE AFTER SELECTIVE
TRANSSCLERAL DRUG DELIVERY: DOSE-FINDING
STUDIES
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Methods: mIgA and knob were genetically fused to the Nterminus of the diblock ELP copolymer, S48I48, which
mediates the assembly of polypeptide micelles under
physiological conditions. Confocal fluorescence microscopy
studies probed the internalization and trafficking of
fluorescent conjugates of these fusion proteins in cultured
rabbit lacrimal gland acinar cells (LGACs) with and without
transduction with the light chain of the class V myosin,
MyoVb, which selectively inhibits transcytosis.

To evaluate the maximum tolerated dose (MTD) of
topotecan hydrochloride delivered from a formulated
episcleral exoplant and to characterize its pharmacokinetics
in New Zealand White rabbits. Drug delivery exoplants
formulated with topotecan and poly(D,L-lactide-co-glycolide,
50:50) at doses of 0.15, 0.6, 1.2 and 1.8 mg were implanted
episclerally in the right eye. Electroretinography (ERG) was
performed to evaluate a-wave and b-wave amplitudes and
latency time up to 1 month. Ocular examination was carried
out to evaluate toxicity. High-pressure liquid chromatography
methods were developed for the detection of the carboxylate
(CT) and lactone (LT) isoforms of topotecan and total
topotecan (TT). The three highest doses (0.6, 1.2 and 1.8
mg) had their ocular and plasma pharmacokinetics
characterized. ERG did not reveal toxicity in any of the dose
groups. In the highest dose group, localized exsudative
retinal detachment was observed near the exoplant.
Maximum LT and TT concentrations were reached in the
vitreous and retina after 48 hours for 0.6-mg and 1.8-mg
topotecan dosages. LT and TT were recovered in proximal
vitreous after 0.6-mg dose at 1.86(±0.84) and 8.82(±2.96)
ng/mL. Concentrations in proximal retina were 0.36(±0.20)
and 0.98(±0.47) µg/g tissue respectively. For 1.8-mg dose,
LT and TT in the proximal vitreous were 245.33(±219.27)
and 358.39 (±280.63) ng/mL. Concentrations in the proximal
retina were 65.47(±36.03) and 98.11(±52.37) µg/g tissue
respectively. In the plasma, concentrations were < 0.5 ng/mL
for both TT and LT after 0.6 mg, and 5.47(±0.70) ng/mL for
TT after 1.8-mg delivery.

Results: Non-targeted S48I48 and mIgA-S48I48 and knob-S48I48
fusion proteins reversibly self-assemble into micelles with
diameters ~ 50 nm. Incubation of fluorescent conjugates with
acinar cells revealed evidence for selective uptake of mIgAS48I48 and knob-S48I48 into intracellular compartments at 15
min; furthermore, this effect was not observed for unmodified
micelles of S48I48. At longer incubation times (60 min),
fluorescence accumulated in the luminal regions.
Confirmation that routing to luminal regions was by
transcytosis was obtained by overexpression of MyoVb light
chain; under these conditions, fluorescence accumulated in
the subapical compartment labeled with MyoVb. Other
controls showed that targeted monoblock ELPs (S96), which
cannot assemble micelles, did not label the luminal regions
of acini.
Conclusion: We demonstrate for the first time the
generation of transcytosing peptide nanoparticles with
selectivity for acinar transcytotic pathways. This approach
provides a novel route for systemically administered
therapeutics to pass through the lacrimal duct and offers
new opportunities to sustain the delivery of proteins and
small molecules at the ocular surface.

The MTD of topotecan administered by selective episcleral
delivery appears to be 1.8 mg. Doses ranging from 0.6 to 1.8
mg yielded relevant drug concentrations for retinoblastoma
treatment in the retina and vitreous at multiple time points
from 48 hours up to 30 days. Phase I clinical trials are under
way to demonstrate safety in retinoblastoma patients.
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TARGETING SICCA SYNDROME-ASSOCIATED
PROTEOLYTIC PROCESSES WITH ACTIVITY-BASED
MASS SPECTROMETRY
M. Hardt
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Boston Biomedical Research Institute, Watertown, MA, USA
Background and aims: The pathogenesis of primary
Sjögren's Syndrome (pSS; sicca) entails concurrent
mechanisms of cell-mediated and humoral autoimmunity that
specifically target lacrimal and salivary glands. As part of the
resulting progressive inflammation, proteases such as MMP2 are released that contribute to tissue destruction and
modulation of the immune response. Proteases have
therefore as a class tremendous potential as biomarkers for
the disease. To further investigate this hypothesis, we used
a targeted proteomics approach to comprehensively

DEVELOPMENT OF NOVEL TRANSCYTOSING PEPTIDE
NANOPARTICLES TARGETED TO LACRIMAL GLAND
ACINAR CELLS
S. Hamm-Alvarez, G. Sun, P.-Y. Hsueh, M. Shah, J.A.
MacKay
Pharmacology and Pharmaceutical Sciences, University of
Southern California, Los Angeles, CA, USA
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catalogue peptide cleavage products found in the parotid
gland secretions of pSS patients. Such peptide profiles were
expected to provide an overview of the molecular targets of
pSS-associated proteases. These molecular signatures can
ultimately lead to the development of protease-specific
assays that can be used for early detection of pSS and
monitoring of disease progression.

was of interest to investigate the adenosine receptor
expression in a dry eye mouse model. Our results indicate
that adenosine receptors could serve as potential
therapeutical targets in treatment of dry eye conditions.
COI/Financial disclosure: Nothing to disclose
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Methods: Parotid gland secretions collected from pSS
patients and matched controls were provided by the
Sjögren's International Collaborative Clinical Alliance at the
University of California, San Francisco. Blinded samples
were subjected to our PALeO assay technique, in which
proteolytic cleavage reactions occurring during an ex vivo
incubation step were encoded with a stable isotope
signature. Peptide fractions were isolated and analyzed by
tandem mass spectrometry hyphenated to liquid
chromatography. The identities of peptide cleavage products
were determined by searching the obtained MS/MS spectra
against reference databases. Samples were subjected to the
PALeO-assay in the absence or presence of selected
protease inhibitors. We used unsupervised hierarchical
clustering to determine the degree of similarity between
sample data sets based on their stable isotope incorporation
values.

AGE-RELATED MOUSE MEIBOMIAN GLAND
DYSFUNCTION: ROLE OF PEROXISOME
PROLIFERATOR-ACTIVATED RECEPTOR GAMMA
(PPARΓ) IN REGULATING MEIBOMIAN LIPID
SYNTHESIS
J.V. Jester, C. Nien, G. Lin, G. Kim, D.J. Brown
Gavin Herbert Eye Institute, University of California, Irvine,
CA, USA
We have previously shown that both mouse and human
meibomian glands develop an age-related meibomian gland
atrophy that is associated with changes in the localization of
the lipid sensitive nuclear receptor PPARγ. This finding
suggests that PPARγ regulates lipid synthesis in the
meibomian glands and that meibomian gland atrophy is
associated with altered PPARγ receptor signaling. In the
present studies we have evaluated the of PPARγ receptor
signaling in regulating lipid synthesis using an SV40
immortalized meibocyte cell line. Meibocytes were evaluated
for lipid synthesis using LipidTox staining for neutral lipids
and CARS/Raman spectroscopy. Immortalized meibocytes
were then tested for the effects of serum starvation and
PPARγ agonist, rosiglitazone, on lipid synthesis, PPARγ
localization and induction of PPARγ response genes,
adiponectin (ADP) and adipocytes differentiation related
protein (ADFP) by real-time PCR. Our findings show that
immortalized meibocytes produced neutral lipid that
contained equal amounts of wax and sterol esters similar to
mouse meibum as identified by Raman spectroscopy.
Rosiglitazone (10-50 mM) treatment of cells increased lipid
synthesis compared to serum starved cells (2% fbs) by over
700%. Rosiglitazone also dose dependently increased
cytoplasmic localization of PPARγ and induced expression
of PPARγ, ADP and ADFP by 1.4, 3.0 and 4.5 fold
respectively. Interestingly, the cytoplasmic localization of
PPARγ in lipid synthesizing meibocytes in culture is
consistent with findings that meibomian glands from young
mice that are actively producing lipid show predominantly
cytoplasmic as opposed to older mice which show
predominantly nuclear localization of PPARγ. In conclusion,
this study indicates that PPARγ is a major regulator of
meibomian gland lipid synthesis and suggests that during
aging there is loss of normal PPARγ receptor signaling.

Results: Ex vivo incubation of saliva samples yielded
complex peptide profiles whose compositions altered
depending on the presence or absence of protease
inhibitors. A significant number of peptides displayed isotope
incorporation, which indicated their processing by cocollected proteases. Unsupervised cluster analysis
segregated samples into two distinct groups, of which one
was seeded with a healthy control sample. On the individual
peptide level, we identified multiple candidate molecules that
can be used as reporter peptides to distinguish proteolytic
processing reactions that are distinct to healthy and pSS-like
samples.
Conclusions: Activity-based profiling allowed for the
identification of unique proteolytic cleavage products in the
salivary secretions of pSS patients. These proteolytic
vignettes provided new insights into the role of proteases in
the pathogenesis of Sjögren's Syndrome and may help the
development of novel, protease-based biomarkers.
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ADENOSINE RECEPTORS-POTENTIAL TARGETS IN
DRY EYE DISEASE
J.P. Gierow
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We have previously shown that several adenosine receptors
are present in rabbit lacrimal gland. Both the adenosine A1,
A2a and A2b receptors are present, but stimulation of them
alone elicit only a weak, if any, secretory response.
However, when combined with carbachol, an acetyl choline
analog, a substantial potentiation can be observed. Using
specific agonists and antagonists, we have been able to
show that the synergy occurs primarily through the A1 and
A2b receptors. Since the two receptors supposedly act
differently, A1 by inhibiting adenylate cyclase and A2b by
activating, it indicates that different intracellular mechanisms
are involved. We have therefore initiated studies of the
involvement of MAPK and adenylate cyclase in the secretory
mechanism. In addition, adenosine also has been suggested
to have a role both as an anti-inflammatory and a proinflammatory agent, and since dry eye is characterized not
only by dysfunctional secretion but also by inflammation it

O414
AUTOIMMUNITY AND DRY EYE : LESSONS FROM
ANIMAL MODELS
S. Masli
Schepens Eye Research Institute, Harvard Medical School,
Boston, MA, USA
Autoimmunity by definition is characterized by an immune
response against self antigens. Failure of the immune
system to discriminate between self and non-self is critical to
the pathogenesis of autoimmune diseases, which makes
autoreactive lymphocytes a key feature of autoimmunity.
Lacrimal gland as a target of autoreactive lymphocytes in
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autoimmune Sjögren's syndrome succumbs to a subsequent
functional loss that leads to dry eye and associated ocular
surface inflammation. Recreating human disease in an
animal model is a common strategy applicable to most
autoimmune diseases that allows elucidation of mechanisms
underlying pathological changes detected in humans.
Therefore reliable animal models are crucial to our
understanding of the disease pathway as well as pre-clinical
drug testing. Additionally studies in rodent inbred strains
offer opportunities for genetic mapping of susceptibility loci
and might help identify candidate genes relevant to
pathogenesis of human disease. Although no animal model
can completely mimic human autoimmune disease
experimental models are developed to address specific
aspects of the disease. Typically these models are known to
develop disease spontaneously or it is induced as a result of
genetic manipulation or immunization with a self antigen.
Although several such models have been described for
autoimmune Sjögren's syndrome most describe the
immunopathogenesis in the context of salivary gland with
limited information on lacrimal gland pathology and almost
no description of ocular inflammation. Only few models have
emerged to describe the ocular component of Sjögren's
syndrome including our recently described model of
Thrombospondin-1 deficient mice. Studies in this and other
mouse models that shed light on the pathogenesis of the
ocular surface inflammation in autoimmune Sjögren's
syndrome will be discussed.

tentatively identified: 6,005 Da: alphaA , 7,721 Da:
1-65
1-80
1-101
.
alphaA , 9,577 Da: alphaA , and 11,978 Da: alphaA
Each of these peptides has also been shown by IMS to be
present in the human lens and to increase in concentration
with age. Of particular interest were two peptides in the
control lens that showed a possible age-related decrease in
the very center of the nucleus, which appeared to be
accelerated by oxygen (in this model, scatter is first
observed in the very center of the lens nucleus). The results
support previous findings from this laboratory that oxygen
accelerates effects of aging in the lens nucleus, and suggest
that crystallin fragments may be involved in lens nuclear
aggregate formation in the HBO/guinea pig model for
nuclear cataract.
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Thioredoxin (TRx) belongs to the oxidoreductase family and
has isoforms of cytosolic Trx-1 and mitochondrial Trx-2. It
specifically catalyzes the reduction of protein disulfides and
is an important thiol damage repair system in the lens to
regulate thiol/disulfide homeostasis and to protect against
oxidative stress. Trx has multiple physiological functions,
and a specific binding protein called TBP-2 negatively
controls its bioavailability. We found TBP-2 in the lens where
it formed a binding complex with TRx via a disulfide bridge at
the active site to inactivate TRx. The binding complex was
transiently dissociated during oxidative stress and TRx was
released for anti-oxidative action. We also found that TBP-2
was inducible under high glucose conditions. To understand
the effect of high TBP-2 in cells, we developed a HLE-B3 cell
line with 5-fold TBP-2 expression (TBP-2 OE). These TBP-2
OE cells showed slow growth, sensitive tooxidation (50%
viable cells under 0.1 mM H2O2) and highly pro-apoptotic.
We discovered that TRx in these cells was extensively
inactivated through competitive binding and oxidation
caused by the excess TBP-2 pool. Since TRx has an antiapoptosis function by conjugating the apoptotic factor called
ASK (apoptotic stimulating kinase), decreased bioavailability
of TRx in TBP-2 OE cells would allow ASK to escape and
initiate apoptosis. This process was confirmed from the
findings of TRx activity loss, activation of ASK (P-ASK),
cytochrome c release and caspase 3 activation in oxidatively
stressed TBP-2 OE cells. The slow growth of unstressed
TBP-2 OE cells apparently associated with abnormal cell
cycle as flow cytometry analysis showed that TBP-2 OE cells
displayed cell cycle arrest at G2-M stage with low expression
of cdc25A/C phosphatases that prevented activation of cdc2
from P-cdc2(Y15) for cell cycle progression. Therefore, we
conclude that regulation of TRx is essential for a healthy
lens. [Supported by NIH grant EY 10595]
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OXYGEN-INDUCED LOSS OF AGE-RELATED
CRYSTALLIN FRAGMENTS IN THE GUINEA PIG LENS
NUCLEUS IN VIVO MAY CONTRIBUTE TO HIGH
MOLECULAR WEIGHT AGGREGATE FORMATION
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We have found previously that long-term treatment of guinea
pigs with hyperbaric oxygen (HBO) increases the level of
high molecular weight (HMW) protein aggregates and
induces a 40% loss of water-soluble alpha-crystallin in the
lens nucleus. Studies on human nuclear cataracts have
implicated age-related formation of low molecular weight
(LMW) crystallin fragments in the loss of alpha crystallin and
acceleration of aggregate formation occurring with age. The
purpose of this study was to determine whether crystallin
fragments in the lens nucleus of the oxygen-treated guinea
pig might be a contributing factor to the increased level of
lens nuclear light scatter (NLS) observed in this model.
Preliminary in vitro studies showed that incubation of
66-80
peptide with a mixture of guinea pig lens
synthetic alphaA
crystallins for 16 hrs resulted in preferential precipitation of
alpha-crystallin, with no effect on gamma-crystallin, as
determined by HPLC. Studies conducted with alphaBcrystallin labeled with Alexa fluor-488 showed that synthetic
66-80
-induced aggregates of guinea pig lens alphaalphaA
crystallin were able to bind additional labeled alphaBcrystallin to form larger aggregates. To determine whether
HBO-treatment of guinea pigs might affect levels of crystallin
peptides in the lens nucleus, imaging mass spectrometry
(IMS) analysis was employed after 43 treatments of the
animals with HBO over a 15 week period (in this model, 80
HBO-treatments produces substantial increased lens NLS).
IMS showed an oxygen-induced 50% decrease in the high
levels of 11 age-related lens nuclear peptides ranging in MW
from 5,988 to 14,780 Da. Four of the peptides have been
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THE ROLE OF OXIDATIVE STRESS ON CIGARETTE
SMOKING RELATED LENS DAMAGE
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Many epidemiological studies revealed that cigarette
smoking is associated with high risk of cataract development
in humans. Smoke exposed rat lenses also developed
cataract even in the absance of light. The most possible
mechanism of cataractogenesis which is related to cigarette
somke exposure is oxidative damage, since smoke-exposed
tissues contain huge amount of reactive oxygen species
(ROS). It is well known that the accumulation of ROS in lens
may contribute to cataract formation. We have found that
iron was accumulated in rat lenses after prolonged exposure
to cigarette smoke and this accumulation was associated
with histopathological evidences of cataract formation and
decrease in lens zinc concentration. Decreased zinc
concentration could be accepted as an indirect evidence of
oxidative damage. Moreover, concomitant vitamin E
supplemantation to rats exposed to cigarette smoke
provided a good protecion against cataractogenesis.
Histopathological evidences of cataract formation has been
observed in cultured rat lenses following exposure to
cigarette smoke. Antioxidants were seen to offer a partial
inhibition to this lens damage. ROS can be generated via
two routes in living tissues. ROS can be produced
photodynamically through the mediation of sensiztizer
molecules that have been excited to higher electronic states
by light absorbtion and through the Fenton reaction. Various
metals can undergo Fenton reaction with biological
molecules and produce ROS. Of these metals iron, cobalt,
manganese, and copper have biological importance, but iron
is the most effective catalyst. We have shown that iron was
accumulated in rat lenses after exposure to cigarette smoke.
Artificail suppementation of desferroxamine to rats which
exposed to cigarette smoke provided a preventive effect
against cataract formation. Concurrent desferoxamine
supplemantation also prevented iron accumulation and
decrease of zinc level in rat lenses, which is indirect
evidence that desferoxamine can prevent oxidative damage.
Strong evidences support oxidative damage mechanism in
cigarette smoking-related cataract formation. However, the
possible preventive role of concomitant antioxidants usage in
human cataractogenesis, which is related to cigarette smoke
exposure yet to be determined.

of Prdx6, glutathione-S-transferase π (GSTπ) and Catalase
(Cat). Site-directed mutagenesis was used to disrupt
Nrf2/ARE site in Prdx6 promoter spotted by bioinformatic
analysis. Transactivation assays were used to assess wildtype or mutant promoter linked to CAT in LECs
treated/untreated with SFN. An SFN-containing diet was
administered to Shumiya Cataract Rats (SCRs) to observe
the anti-cataract effect of SFN.
Result: Cell viability assay revealed that SFN at
concentrations of 2.4-4.8 µM induced dose-dependent
protection of LECs against UVB. SFN treatment enhanced
the expression of Prdx6, GSTπ (an electron donor of Prdx6)
and Cat mRNA and protein. Their expression levels were
well correlated with level of Nrf2 expression and its nuclear
localization. SFN failed to activate Prdx6 mutant promoter at
Nrf2/ARE site (-357/-349), suggesting that SFN enhanced
the expression of Prdx6 via activation of Nrf2/ARE pathway.
Administration of the SFN-containing diet delayed cataract in
the SCRs.
Conclusion: SFN protects LECs by enhancing endogenous
antioxidant proteins, and this may depend upon Nrf2/ARE
activity. The study may provide the basis for an SFN-based
approach to counteracting oxidative injury by reinforcing the
endogenous defense system in lens.
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Autophagy is a process by which cells remove and recycle
damaged organelles, proteins and other components
through the formation of autophagosomes and their
subsequent fusion with lysosomes where their cargo is
degraded. Recently, it was found that mutation of the
autophagy gene fyco1 causes autosomal recessive human
cataract suggesting a role for autophagy in lens
development and maintenance. Based on these findings we
hypothesized that autophagy is critical for removal of lens
cell organelles during the transition from lens epithelial to
fiber cells and that autophagy would be important for
removal and recycling of lens proteins in lens epithelial cells.
Thus, autophagy is likely important for lens development,
lens maintenance and defense against stress. To test this
hypothesis we used a bioinformatics analysis of gene
expression chip data (affimetrix U133a) to survey autophagic
genes expressed in human lens epithelia and fiber cells, we
confirmed the expression levels of these genes in
microdissected human and mouse lenses and we monitored
autophagy in HLEB3 lens cells upon serum starvation and
exposure to oxidative stress. We detected and confirmed the
expression levels of 14 genes involved in macroautophagy
induction, 7 genes involved in expansion of autophagic
vesicles, 5 genes involved in autophagosome fusion to
lysosomes and 9 genes involved in specific autophagy
pathways including mitophagy and chaperone mediated
autophagy. Interestingly, all of the genes were expressed in
the lens epithelia and fibers but the majority exhibited fiber
preferred expression patterns. Autophagy was detected at
high levels in lens cells as evidenced by monitoring
autophagic flux as a function of LC3 accumulation with or
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PEROXIREDOXIN 6 AND ITS INDUCTION BY
SULFORAPHANE UPREGULATES CELLULAR
ANTIOXIDANT DEFENSE SIGNALING AND PREVENTION
OF CATARACT IN RAT LENS
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Purpose: Oxidative stress plays pivotal roles in the
progression of age-related cataract. The antioxidant protein
Peroxiredoxin 6 (Prdx6) protects cells by removing H2O2 and
mediating
survival
signaling.
The
isothiocyanate
Sulforaphane (SFN) confers cytoprotection by upregulating
phase 2 antioxidant proteins. We investigated the protective
effect of naturally occurring SFN on lens epithelial cells
(LECs) with damage induced by UV-B. Protection was
associated with SFN-mediated expression of Prdx6 via
activation of the Nrf2/ARE pathway.
Methods: Cultured LECs were treated with different
concentrations of R S-SFN for variable time periods, and
2
were exposed to predefined doses of UV-B (100 to 400J/m ).
MTS assays were done to evaluate cell viability of LECS
treated or untreated with SFN. Real-time PCR and Western
analyses were used to examine SFN-dependent expression
of Nrf2 mRNA and protein and its correlation with expression
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without chloroquine treatment. Base levels of autophagy
were detected in untreated lens cells but increased LC3
accumulation was detected in lens cells upon serum
starvation and upon oxidative stress insult. These data
provide strong evidence that macroautophagy, mitophagy
and chaperone mediated autophagy pathways operate to
remove damaged proteins and organelles from lens
epithelial cells and remove organelles from lens fibers.
Oxidative stress induction of autophagy in lens cells
indicates that autophagy plays a role in lens defense through
the removal of damaged proteins. Collectively, these data
provide strong evidence that autophagy is important for lens
maintenance, defense and development.
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IDENTITY-BY-DESCENT MAPPING REVEALS A NEW
LOCUS FOR PRIMARY CONGENITAL GLAUCOMA,
GLC3E, ON CHROMOSOME 19P13.2
1

1

FYCO1 IMPLICATED IN THE PATHOGENICITY OF
AUTOSOMAL RECESSIVE CONGENITAL CATARACTS
2

2

2

2

Purpose: Primary congenital glaucoma (PCG) is caused by
developmental anomalies of the trabecular meshwork and
the anterior chamber angle, resulting in an increased ocular
pressure (IOP) and optic nerve damage from birth or early
infancy. The prevalence of PCG is estimated to be 1:10.000
in Western populations with higher prevalences in inbred
populations. In general PCG displays an autosomal
recessive inheritance and is genetically heterogeneous. To
date, four PCG loci are known (GLC3A-D), in which two
genes have been identified, CYP1B1 and LTBP2. Here, we
aimed to map the disease gene in a large, four-generation
consanguineous family with PCG, originating from Jordan.
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Methods: Mutations in known PCG genes (CYP1B1 and
LTBP2) as well as anterior segment dysgenesis genes
(FOXC1 and PITX2) were excluded respectively. Identity-bydescent (IBD) mapping was performed in six affected
members using genomewide SNP genotyping with 250K
arrays (Affymetrix). Several gene prioritization tools were
used to make a selection of candidate genes for Sanger
sequencing (Tranchevent LC et al. Brief Bioinform. 2011
12:22-32).

Purpose: Congenital cataracts, responsible for about onethird of blindness in infants, are a major cause of vision loss
in children worldwide. Autosomal recessive congenital
cataracts (arCC) form a clinically diverse and genetically
heterogeneous group of disorders of the crystalline lens. The
purpose of this study was to identify the genetic causes of
arCC in consanguineous Pakistani families as a means to
elucidate biological pathways critical for lens development
and transparency.

Two affected individuals underwent exome enrichment
(TruSeq Exome Enrichment Kit, Illumina) and sequencing
(2x100 cycles, HiSeq, Illumina). The CLC Genomics
Workbench (CLC bio) was employed for read mapping and
variant calling.

Methods: To identify the genetic cause of arCC in multiple
consanguineous Pakistani families, a genome-wide linkage
analysis was completed using ABI md-10 panel followed by
Sanger sequencing of candidate genes present in the critical
interval. The expression profile of Fyco1 was monitored in
embryonic and adult lens. The loss of fyco1 function was
examined using translation-blocking morpholino in zebrafish.

Results: The common IBD regions did not overlap with any
known PCG loci. Filtering on both size of the region and
number of consecutive homozygous SNPs revealed a new
candidate region on 19p13.2, named GLC3E. This region
measures 2.67 Mb and contains 93 genes. Using
prioritization tools, BEST2 was selected as the best
candidate gene. Indeed, Best2 is expressed in nonpigmented epithelial (NPE) cells of ciliary body, which is
responsible for formation of aqueous humour. Also, Best2-/mice have significantly lower IOP than wild type littermates.
Sanger sequencing of the BEST2 coding region in affected
individuals revealed no mutations however. Exome
sequencing was performed in two affected individuals. Data
analysis is ongoing.

Results: Genome-wide linkage analysis identified linkage to
3p21-p22 with a summed LOD score of 33.42. Mutations in
the gene encoding FYVE and coiled-coil domain containing
1 (FYCO1), were identified 12 Pakistani families and one
Arab Israeli family mapping to the overlapping CATC2
region. Nine different mutations were identified, including
c.3755delC (p.Ala1252AspfsX71), c.3858_3862dupGGAAT
(p.Leu1288TrpfsX37), c.1045 C>T (p.Gln349X), c.2206C>T
(p.Gln736X),
c.2761C>T
(p.Arg921X),
c.2830C>T
(p.Arg944X), c.3150+1 G>T, c.4127T>C (p.Leu1376Pro),
and c.1546C>T (p.Gln516X). Expression analyses suggest
that Fyco1 is expressed in the mouse embryonic and adult
lens. The morpholino-based Knockdown of fyco1 in
zebrafish embryos results in small dysmorphic lenses with
cataract.

Conclusions: We identified a potential new PCG locus,
named GLC3E, confirming the genetic heterogeneity of
PCG, and representing a unique opportunity to identify the
third PCG gene.
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Conclusions: FYCO1 is a member of the PI(3)P-binding
protein
family
associated
with
the
exterior
of
autophagosomes and mediating microtubule plus enddirected vesicle transport. This study provides a new cellular
and molecular entry point to understanding lens
transparency and human cataract. FYCO1 mutations are
found worldwide and are responsible for approximately 15%
of arCC in the Pakistani population.
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(ASB10) in a large family with primary open angle glaucoma
(POAG) mapping to the GLC1F locus. This variant affects an
exon splice enhancer site and alters mRNA splicing in
lymphoblasts of affected family members. Systematic
sequence analysis in two POAG patient groups (195 US and
977 German) and their respective controls (85 and 376) lead
to the identification of 26 amino acid changes in 70 patients
(70 of 1172; 6.0%) compared with 9 in 13 controls (13 of
461; 2.8%; P = 0.008). Molecular modeling suggests that
these missense variants change ASB10 net charge or
destabilize ankyrin repeats. ASB10 mRNA and protein were
found to be strongly expressed in trabecular meshwork,
retinal ganglion cells and ciliary body. Silencing of ASB10
transcripts in perfused anterior segment organ culture
reduced outflow facility by ∼50% compared with controlinfected anterior segments (P = 0.02). In conclusion, genetic
and molecular analyses provide evidence for ASB10 as a
glaucoma-causing gene.
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CLINICAL IMPLICATIONS OF OLD AND NEW GENES
FOR OPEN-ANGLE GLAUCOMA
W. Ramdas, Rotterdam Study, Erasmus Rucphen Family
study, Southampton cohort.
Epidemiology & Ophthalmology, Erasmus Medical Center,
Rotterdam, The Netherlands
Objective: Genome-wide association studies have revealed
new insights into the genetic determinants of open-angle
glaucoma (OAG). We performed a study to determine to
what extent variants within established genes (MYOC,
OPTN and WDR36) and newly identified common genetic
variants (ATOH7, CDKN2B and SIX1) contribute to the risk
of OAG. This was done in a population-based setting, familybased setting and a case-control study.

COI/Financial disclosure: Nothing to disclose

Methods: After identifying common variants associated with
OAG within the established genes, risk of OAG was
analyzed using logistic regression. Discriminative accuracy
was assessed by comparing the area under the receiver
operator characteristic (ROC) curves (AUC) for model
including the number of risk alleles, intraocular pressure
(IOP), age and gender, with the AUC for the same model but
without the risk alleles.
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TIME FOR CLINICAL TRANSLATION OF GLAUCOMA
GENETICS?
A. Hewitt
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Results: No consistent significant associations for the
established genes (MYOC, OPTN and WDR36) with OAG
were found. However, when comparing the load of risk
variants between cases and controls, two out of three
studies showed a significant increased risk of OAG for
participants carrying more risk alleles of the three
established genes. When combining all six genes,
participants carrying a high number of risk alleles (highest
tertile) had a 2.29 to 3.19-fold increase in risk of OAG
compared to those carrying only a few risk alleles. The
addition of the newly identified genes to IOP, age and
gender resulted in a higher AUC compared to the AUC
without the newly identified genes (p=0.027).

The avalanche of novel genetic discoveries has been
mirrored by a similar expansion in the number and
availability of direct-to-consumer genetic testing. The
majority of these services provide risk profiling for agerelated macular degeneration; however, glaucoma related
screening is generally limited to determining the carrier
status for high-risk LOXL1 variants, which are associated
with pseudoexfoliation syndrome. Firm genotype-phenotype
correlations have been identified in MYOC-related
glaucoma, and more recently, common genetic variants at
the 9p21 locus encompassing the CDKN2B-AS1, CDKN2A,
and CDKN2B genes as well as variants at the 1q24 TMCO1
locus have been associated with primary open-angle
glaucoma in independent studies. A dissection of the
phenotypic features associated with TMCO1- and 9p21related glaucoma will be presented. Phenotypic subcategorization of glaucoma patients will allow for refined
genetic risk profiling.

Conclusions: We found a significant contribution to the risk
of OAG for the new common variants identified by recent
genome-wide association studies, but not for variants within
the established genes. Participants carrying a high number
of risk alleles had an about three-fold increase in the risk of
OAG compared to those with low number of risk alleles.
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The molecular events responsible for obstruction of aqueous
humor outflow and the loss of retinal ganglion cells in
glaucoma, one of the main causes of blindness worldwide,
remain poorly understood. We identified a synonymous
variant, c.765C>T (Thr255Thr), in ankyrin repeats and
suppressor of cytokine signaling box-containing protein 10

Exfoliation syndrome (XFS) and secondary glaucoma (XFG)
is a disorder that results from ocular and systemic deposition
of an amyloid-like material. XFG is the most common
identifiable form of open angle glaucoma worldwide and
affects virtually all known populations.
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(Silveira et al 2009; Schaumberg et al., 2009; Jun et al.,
2011) both prospectively and retrospectively. In order to
investigate this hypothetical network more closely, SNPs
were chosen for genotyping from the genes identified as
statistically significant and had at least a 2-fold difference in
expression levels and included RORA, ROBO1, RGS13,
CXCL13, RPS6KA2, ENPP2, ABCA1, and NLRP2. Most
importantly this hypothetical network included the gene(s)
HTRA1/ARMS2, overall the most strongly AMD risk
associated gene for which the function and pathway(s) are
unknown. Specifically, tagSNPs were chosen to span each
gene using data from HapMap. These SNPs were
supplemented with additional SNPs chosen to be evenly
spaced along the length of the gene in an effort to fully
capture variation within a given gene. Using the resulting
genotyped data from these microarray genes, statistical tests
for interaction were performed in order to validate the
hypothetical network identified by bioinformatics analysis. A
cases-only test for interaction was performed, as originally
proposed by Piegorsch et al (Statistical Medicine 1994). This
test uses only those individuals affected with disease in a
logistic regression model to examine the relationship of two
genetic variants at a time and offers better precision for
estimating interactions than those based on the full data set,
thus reducing the number of false positives. All genotyped
SNPs showing suggestive evidence of association were
tested for interaction with SNPs in genes from the
hypothetical pathway previously shown to be associated with
AMD including RORA, ARMS2/HTRA1, and ROBO1. After
controlling for multiple testing in an effort to reduce the
number of false positives, significant gene-gene interaction
was observed between ABCA1 and RORA, RPS6KA2 and
-4
RORA and RPS6KA2 and HTRA1 (p ≤ 10 ). In order to
further prove the functionality of these interactions, we have
begun Chromatin immunoprecipitation (ChIP) sequencing
(ChIP-Seq) analysis on lymphoblastoid cell lines from
patients with and without neovascular AMD. It is our goal to
confirm that the expression changes between diseased and
non-diseased subjects are the result of the difference in
binding patterns of transcription factors.

It has recently been determined that genetic variants within
the gene lysyl oxidase-like 1 (LOXL1) are strongly
associated with the XFS/XFG phenotype. In their original
report, Thorleifson et al, reported 3 variants that account for
over 95% of the genetic effect of XFS/XFG in the
Scandinavian population. These LOXL1 variants and others
have been examined in multiple populations to date.
Uniformly, one or more LOXL! variants have been confirmed
to be in association with XFS/XFG, however, no functional
variants have been identified.
In this paper, we present our recent investigation of known
and novel genetic variants of LOXL1 in multiple populations
with XFS/XFG. Specifically, we will present evidence that
supports the notion that functional variants for XFS/XFG may
lie within the first intron of LOXL1.
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GWAS RESULTS FOR POAG: AN UPDATE FROM THE
NEIGHBOR STUDY
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We have performed a meta-analysis of two genome wide
association studies: the GLAUGEN (Glaucoma Genes and
Environment) GWAS that is part of the GENEVA (GENEVA
Genes Environment Association) studies and the
NEIGHBOR
(NEI
Glaucoma
Human
genetics
collaBORation) GWAS. Together, these studies include
3,146 Caucasian cases and 3,487 controls. Single
nucleotide polymorphisms in two loci reached genome-wide
significance: the CDKN2BAS region on 9p21 (rs2157719
-18
[G], OR=0.69 [95%CI 0.63-0.75], p = 1.86x10 ), and the
SIX1/SIX6 region on chromosome 14q23 (rs10483727 [A],
-11
OR=1.32 [95%CI 1.21-1.43], p= 3.87x10 ). We also
analyzed two phenotypic subsets of patients. A low tension
subset including 720 cases and 3487 controls (defined by
historical intraocular pressure (IOP) less than 22 mmHg)
also showed association with the CDKN2BAS locus
(rs2157719 [G], OR =0.58 [95% CI 0.50-0.67], p = 1.17x10
12
) as well as a probable regulatory region on 8q22
-10
(rs284489 [G], OR =0.62 [95% CI 0.53-0.72], p = 8.88x10 ).
The analysis of the high tension subset that included 1669
cases and 3487 controls (defined by a history of IOP greater
than or equal to 22mmHg) did not identify any associations
reaching genome-wide significance. Pathway analysis using
the SCAN database showed that genes in the transforming
growth factor beta (TGF-beta) signaling pathway were overrepresented in the low tension glaucoma subset (permuted
p=0.009). These results suggest that neuro-protective
therapies targeting TGF-beta signaling could be effective for
multiple forms of glaucoma.

COI/Financial disclosure: Nothing to disclose
O428
MUTANT ATAXIN-1-INDUCED DEPLETION OF RORA
FUNCTION - A MEDIATOR OF PURKINJE CELL
DEGENERATION IN SCA1 TRANSGENIC MICE
H.T. Orr
University of Minnesota, Minneapolis, MN, USA
Spinocerebellar ataxia type 1 (SCA1) is one of nine
dominantly inherited neurodegenerative diseases caused by
polyglutamine tract expansion. In SCA1, the expanded
polyglutamine tract is in the ataxin-1 (ATXN1) protein.
ATXN1 is part of an in vivo complex with the retinoid acid
receptor-related orphan receptor alpha (Rora) and the
acetyltransferase tat-interactive protein 60 kD (Tip60).
ATXN1 and Tip60 interact directly via the AXH domain of
ATXN1. Rora is a transcription factor highly expressed in
Purkinje cells. Loss of Rora is the basis of the cerebellar
atrophy seen in staggerer mice. With expansion of the
polyglutamine tract in ATXN-1 there was a corresponding
decrease in its interaction with Rora and an increase in its
interaction with Tip60. Moreover, the phospho-mimicking
Asp amino acid at position 776, previously shown to
enhance pathogenesis, increases the ability of ATXN1 to
interact with Tip60. Using a genetic approach, the biological
relevance of the ATXN1/Tip60 interaction was assessed by
-/+
crossing ATXN1[82Q] mice with Tip60 animals. Partial
Tip60 loss increased Rora and Rora-mediated gene
expression and delayed ATXN1[82]-mediated cerebellar
degeneration during midstage disease progression. These
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NUCLEAR RECEPTORS AS DRUGGABLE TARGETS
FOR AGE-RELATED MACULAR DEGENERATION
M.M. DeAngelis
Moran Eye Center, University of Utah, Salt Lake City, UT,
USA
We previously identified a hypothetical functional network of
genes using microarray analysis and previously identified
(age-related macular degeneration (AMD)-associated genes
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results suggest a specific, temporal role for Tip60 during
disease progression and implicate the loss of Rora function
as a molecular mechanism of SCA1 pathogenesis.

Fezf2 and its potential function in the developing retina using
a transgenic mouse line in which Fezf2 coding region has
been replaced by LacZ. First, we analyzed β-galactosidase
reporter expression and found that in the mature retina,
Fezf2 was expressed in a subset of cone OFF bipolar cells
+
(Chx10 /islet1 ). When we examined retinas from two-weekold mice, there was a selective reduction of cone OFF
+
bipolar cell population (Chx10 /islet1 ) in the Fezf2 deficient
mouse retinas compared to wild type or heterozygous
controls (Figure A, arrowheads). A significant thinning of the
inner plexiform layer 1, where the axons from subclasses of
OFF bipolar cells reside, was also a characteristic of Fezf2
deficient retinas (Figure B, red bars). The reduction in bipolar
cells only started to become evident around the postnatal
day 9 and no obvious effect of Fezf2 deficiency could be
found prior to this stage, implying a role played by Fezf2 in
postmitotic cells during postnatal development of the retina.
Taken together, our results suggest that Fezf2 is specifically
expressed in and required by cone OFF bipolar cells for their
differentiation and/or maturation. Clarifying the possible
mechanisms behind the function of Fezf2 is a part of the
ongoing work.
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Background and aims: During retinal development,
photoreceptors and bipolar cells express the transcription
factor Otx2. The transcriptional repressor Blimp1 is
transiently expressed in Otx2+ cells and its deletion results
in excess bipolar cell formation at the expense of
photoreceptors. We examined how Blimp1 regulates fate
choice.
Methods: To determine whether Blimp1 is made only by
photoreceptors, we conducted a lineage tracing experiment
by crossing Blimp1-Cre mice to Lox-Stop-Lox reporter
strains. We then used EdU birthdating in Blimp1 conditional
knockout (CKO) mice to determine when bipolar cells are
formed during development. Lastly, we crossed Nrl-GFP
mice, which specifically labels rods, to Blimp1 CKO mice to
test whether rods transdifferentiate into bipolar cells.
Results: Our lineage tracing study showed that all
photoreceptors are in the Blimp1 lineage, but also one third
of bipolar cells. This suggests that formation of bipolars
involves inhibition of Blimp1 expression in a subset of Otx2+
cells. Early born Otx2+ cells may thus generate bipolar cells
in CKO mice. We examined this with EdU birthdating at
E13.5, E15.5, and E17.5; times that precede normal bipolar
formation. Control mice lacked birthdated bipolar cells, but
early born bipolar cells were identified in all CKO mice.
Nonetheless, we did not detect bipolar cell markers before
E18.5 in CKO mice. This suggests that photoreceptors
transdifferentiate into bipolar cells in CKO animals. To test
this, we crossed Nrl-GFP mice to Blimp1 CKO mice. Control
animals lacked Nrl-GFP+ bipolar cells. In contrast, there
were many GFP+ bipolar cells in Blimp1 CKO mice,
evidence that rods transdifferentiate into bipolar cells.

[figurea]

Conclusions: Our data suggest a two component model for
bipolar cell formation where: (1) Blimp1 expression must be
rapidly inhibited and where (2) bipolar inducing signals must
be present. This implies that cross-repressive interactions
result in stabilization of either photoreceptor or bipolar cell
fates.
[figureb]
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CONE OFF BIPOLAR CELLS

MOLECULAR MECHANISMS OF PNR/NR2E3-LINKED
RETINAL DEGENERATIONS
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Fez zinc finger protein 2 (Fezf2) is a transcription repressor
known to regulate neuronal subtype specification in the
brain. In this study, we investigated the expression pattern of

The NR2E3 gene encodes the photoreceptor-specific
nuclear hormone receptor PNR/NR2E3. NR2E3 is organized
148

in two functionally independent protein domains. The highly
conserved DNA-binding domain (DBD) mediates binding to
specific DNA sequences located in the regulatory regions of
target genes. No endogenous ligand has been identified so
far to bind the C-terminal ligand-binding domain (LBD), but
this functional domain is also important for cofactor
assembly. Recessive NR2E3 mutations cause GoldmannFavre syndrome, a retinal degeneration also called
enhanced S-cone syndrome (ESCS). Pathogenic missense
sequence variants are located both in the DBD and LBD of
NR2E3, with a substantial number of compound
heterozygote patients. Potential molecular mechanisms
underlying these recessive retinopathies include:
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THE RELATIONSHIP BETWEEN CHORIOCAPILLARIS
DEGENERATION AND A PRO-INFLAMMATORY
CHOROIDAL MILIEU
G.A. Lutty, I. Bhutto, D.S. McLeod
Ophthalmology, Johns hopkins University Hopkins University
School of Medicine, Baltimore, MD, USA
Background and aims: Choriocapillaris (CC) is the only
source of oxygen and nutrients for outer retina (RPE and
photoreceptors), so reduction in CC density could have a
profound effect on photoreceptor viability and function. CC
loss occurs in diabetes as well as wet and dry age-related
macular degeneration (AMD). Both diabetes and AMD are
associated with inflammation. The aim of this study is to
determine if CC loss in these diseases is associated with a
pro-inflammatory environment in choroid.

1) absence of NR2E3,
2) absence of DNA binding,
3) impaired dimerization,
4) impaired corepressor binding, and
5) impaired post-translational modifications.
By resorting to cell-culture based assays, we could establish
a genotype-phenotype correlation of LBD mutations with
respect to their dimerization potential. Impaired corepressor
binding was identified for a single LBD mutant protein. A
unique dominant NR2E3 mutation located in the DBD yields
in a mutant protein that acts as a repressor in trans of CRX
(cone-rod homeobox), resulting in retinitis pigmentosa (RP),
reminiscent of the clinical phenotype of dominant CRX
mutations. Of note, NR2E3 efficiently formed homodimers,
but Nrl (neural retina leucine zipper) expression readily
impaired NR2E3/CRX interactions, suggesting a higher
affinity of CRX towards NRL, than NR2E3. The implications
of these dimerization properties will be discussed with
respect to potential therapeutic approaches.

Methods: Nonspecific esterase (NSE) and alkaline
phosphatase
(APase)
enzyme
histochemistry
and
immunohistochemistry with antibodies against CD68, ICAM1, P-selectin, lipoprotein A, and C-reactive protein (CRP)
were used to investigate human choroidal flat mounts and
cryosections respectively from aged control, AMD, and
diabetic subjects.
Results: ICAM-1 is constitutively expressed by CC
endothelial cells in control subjects. Choroidal mast cells
+
+
(NSE ) normally reside in a perivascular position. CD68
monocytes (macrophages and microglia or dendritic cells)
were randomly distributed throughout choroid. Diabetic CC
has increased ICAM-1, P-selectin, and neutrophils (PMNs)
associated with CC loss (loss in APase activity); there is a
four-fold greater loss of CC in diabetic subjects than in
nondiabetic controls. There is a 50% loss of CC in AMD
compared to aged controls. Pro-inflammatory CRP and
lipoprotein A, which transports the more atherogenic
proinflammatory oxidized phospolipids, are elevated in AMD
choroid while CFH, an inhibitor of the alternate complement
pathway, is decreased. Mast cell numbers are increased in
AMD choroid in areas with pathology and mast cell
degranulation is more frequent.
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NUCLEAR RECEPTORS: MODULATION AND
REGULATION OF RETINAL DISEASE
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Conclusions: With constitutive expression of ICAM-1 in CC,
choroid has the potential for activated PMNs and
macrophages to adhere and possibly undergo oxidative
burst or diapedesis (extravasation). Choroid has resident
pro-inflammatory cells, microglia and mast cells, which also
have the potential to injure or alter the choroidal vasculature
if activated. AMD choroid has elevated CRP and lipoprotein
A, which are pro-inflammatory. Therefore, the proinflammatory choroidal milieu may contribute to the loss of
CC in AMD and diabetes.

Nuclear receptors have long been recognized to regulate
many developmental processes. In the retina, several
nuclear hormone receptors such as Nr2e3, Nr1d1, and Rora
have been studied for their role in photoreceptor
development and function as well as in relation to human
disease. Mutations in human Nr2e3 are associated with
several retinal disorders including enhanced S-cone
Syndrome, Goldman Favre Syndrome, and retinitis
pigmentosa. While no mutations in Nr1d1, a co-factor of
Nr2e3, have been identified to date, our studies have
revealed several genes and biological pathways in which
Nr2e3 and Nr1d1 regulate photoreceptor development and
function. The nuclear receptor gene Roralpha, whose
expression is also regulated by Nr2e3, has been implicated
in modulating the disease process in age-related macular
degeneration. We have evaluated loss of each of these
nuclear receptors in the mouse retina. Our studies also
identified genetic modifiers that can modulate Nr2e3
associated retinal disease. The modifier genes are able to
completely
ameliorate
Nr2e3
associated
retinal
degeneration. Mouse models evaluating these nuclear
receptors demonstrates their complex interactions and ability
to regulate transcriptional networks in photoreceptor
development as well as modulate the phenotypic outcome in
associated retinal diseases.
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Introduction: Microvascular changes in the choriocapillaris
are an important feature of early age-related maculopathy. A
common polymorphism (Tyr402His) in the complement
factor H (CFH) gene is associated with risk of developing
AMD. In the current study we sought to assess the role of
this AMD risk allele on vascular health in the human choroid.
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CHANGES IN CHOROIDAL BLOOD FLOW IN DISEASE
STATES

Methods: Human donor eyes were utilized for morphological
measurements of the choroid and RPE. For some
experiments, eyes were selected based on possessing
either a high risk (His/His; His/Tyr) or low risk (Tyr/Tyr) CFH
genotype. Genotypes were masked and sections were
collected and stained with UEA-I lectin. The percent vascular
density (PVD) was determined, as were the number of
choriocapillaris ghost vessels per µm of Bruch's membrane
(assessed as empty zones between intercapillary pillars).
Following morphometric assessment, donor categories were
unmasked.

L. Schmetterer
Department of Clinical Pharmacology, Medical University of
Vienna, Vienna, Austria
The choroid has the highest blood flow rate per tissue weight
in the human body. This is required to provide adequate
oxygenation, because the distance to the outer retina is
large. In disease states this distance may increase due to
the formation of drusen and thickening of Bruch's
membrane. Together with a reduction in perfusion due to
changes in choriocapillaris this may lead to ischemia and
hypoxia in the outer retina. For a long term it has been
assumed that the choroid is a strictly passive vascular bed
with no capacity to regulate its blood flow during changes in
perfusion pressure. This view has, however, been
challenged by experiments showing some regulatory
capacity of the choroid during changes in perfusion
pressure. This regulation seems complex involving neural
input. The regulatory capacity also depends on whether
perfusion pressure is modulated via the arterial or the
venous side. In disease states like age-related macular
degeneration this regulatory capacity is altered. Interestingly,
the regulatory capacity of the choroid is also dependent on
complement factor H polymorphisms. In the present talk the
relation between choroidal ischemia/hypoxia and the
development and progression of diseases of the outer retina
is discussed.

Results: In eyes with early AMD, the density of ghost
vessels was more closely correlated to abundance of drusen
than loss of the RPE. The presence of one or more risk
alleles in CFH was associated with an increased density of
ghost vessels (2.4x increase, P< 0.05 after correction for age
and early AMD status).
Discussion: Previous studies have shown that increasing
numbers of ghost vessels are associated with increasing
drusen load in human eyes. In vivo studies have shown that
drusen are associated with decreased subfoveal blood flow.
Moreover, the choroid is the main site of membrane attack
complex (MAC) deposition in aging eyes and increased
levels of MAC are observed in eyes with high risk CFH
genotypes. These data suggest that genetic variations in
CFH associated with AMD may act in part by influencing
dropout of the choriocapillaris.
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In primate eyes with their well developed fovea centralis and
accommodative system, the choroid contains numerous
ganglion cells (around 2000 in human eyes), presumably
being involved in local intrinsic innervation. The
postganglionic nerve fibers of the choroidal ganglion cells
(CGC) join the perivascular nerve fiber plexus and stain for
VIP and NOS similar to the vasodilative facial nerves
deriving from the pterygopalatine ganglion. In addition to the
latter half of the CGC stain for calretinin, single ones for NPY
and galanin. The cells are in close contact with VIP-, NOS-,
NPY-, TH-, VMAT2-, VACHT-, Calretinin-, and NPYimmunoreactive terminals, indicating a complex integrative
function of CGCs like volume regulation e.g. during
accommodation.

Disruption in coordinated binocular interactions between the
visual and oculomotor systems early in life lead to
strabismus, gaze-holding disorders and smooth pursuit (SP)
asymmetry. However, we still know relatively little about
neural mechanisms associated with strabismus. To address
this we developed animal models for infantile esotropia by
raising infant monkeys (Macaca mulatta) with altered
binocular sensory-fusion. This was achieved using
recession/resection surgery of the lateral and medial rectus
muscles of one eye before 2 weeks of age. In other animals
we impaired sensory-fusion by deviating the horizontal visual
axis of one eye and the vertical axis of the fellow eye by
having infant monkeys wear goggles containing 20 diopter
prisms for the first 3 months of life. Both procedures
produced esotropia (15-20º) with asymmetric smooth pursuit
(SP), latent nystagmus (LN) and dissociated vertical
deviation (DVD). We recorded eye movements (scleral
search coil) from animals between 2-5 years of age that
were trained to perform SP. Our esotropic monkeys showed
smooth pursuit asymmetry during monocular viewing with
unity gain pursuit for nasalward motion and impaired
temporalward tracking. We also tested vestibular ocular
reflex in darkness (VORd), in light (VORl) and during VOR
cancellation (VORc). Our estotropic monkeys had
asymmetric VORc responses, which were consistent with

The number of CGCs and nerve fibers is significantly
reduced in glaucomatous eyes, including primary open angle
glaucoma, pseudoexfoliation glaucoma, and laser induced
monkey glaucoma, the most pronounced loss occurring in
the vicinity of the optic nerve.
Preliminary data obtained in eyes with AMD indicate, that in
this disease there is even a more pronounced loss of CGC
than in glaucomatous eyes, restricting vasodilation of the
choroidal vasculature.
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the SP deficits. In contrast, their VORd and VORl responses
were symmetric. To examine potential neural mechanisms
associated with SP disorders we recorded single-units in the
medial superior temporal cortical area (MST) and the
pretectal nucleus of the optic tract (NOT). We found that
neurons in MST and NOT showed significant loss of
binocular visual and eye movement sensitivity during visual
motion testing and SP. These deficits in MST binocular
sensitivity coupled with normal VORd and VORl results
indicate that SP disorders are associated with impaired
transmission of visual information from MST to specific
brainstem centers and not due to a defect in motor pathways
or extraocular muscles. In support of this interpretation, we
could restore symmetric SP adaptation during monocular
viewing by delivering micro-electrical stimulation in the NOT
to replace actual visual error signals in a SP learning
paradigm. This suggests that circuits distal to the NOT
necessary for adaptation are intact and that SP disorders are
mostly located on the afferent limb necessary for converting
sensory information into commands for eye movements.
Other components of strabismus including eye misalignment
and DVD may have primary deficits on the motor side of
oculomotor control circuits.

It appears that the mechanism(s) responsible for any given
abnormal eye position is not the same between patients.
More importantly, this diversity may help explain the high
rate of surgical failure.
Conclusions: These results support the development of a
more targeted approach to strabismus treatment, in which
neurotrophic and myogenic growth factors could be used to
modulate myofiber size, innervational density and so forth, in
order to address the underlying problem with more
specificity.
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FROM COMPLEX TO COMMON STRABISMUS
GENETICS: WHAT HAVE WE LEARNED AND WHERE
ARE WE HEADED?
S. Shaaban
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Strabismus, or ocular misalignment, is one of the most
common ophthalmic disorders affecting children. The
prevalence of strabismus is about 2-4% in the general
population. It has many deleterious effects that span from
poor cosmetic appearance with its psychological
implications, to amblyopia and loss of binocularity. In
addition, there is the huge economic burden of corrective
surgery and screening programs. Strabismus can be
incomitant (complex) when the angle of deviation varies in
different directions of gaze, or comitant when the angle of
deviation is the same regardless of direction of gaze.
Incomitant strabismus is inherited in many cases as a
Mendelian trait. To date, we have identified 7 genes mutated
in different forms of incomitant strabismus. The identification
of these disease genes and understanding their function
through neurodevelopmental studies has lead to the
definition of the 'congenital cranial dysinnervation disorders'
(CCDDs), as these genes are essential for the correct
innervation of extraocular muscles. In contrast, although
evidence of a genetic role in the etiology of comitant
strabismus has stemmed from population, family and twins
studies, very little is known about its genetics. We
hypothesize that it is inherited as a complex trait where both
rare and common variants might play a role in its etiology.
We are now striving to identify disease and susceptibility
genes that underlie comitant strabismus as well.

O439
EXTRAOCULAR MUSCLES: WHAT THE FINAL
EFFECTOR ORGAN CAN TELL US ABOUT THE
POSSIBLE ETIOLOGY OF STRABISMUS
L.K. McLoon
Ophthalomology, University of Minnesota, Minneapolis, MN,
USA
Background and aims: Strabismus is a misalignment of the
eyes, and the goal of treatment is to restore eye alignment
and binocular vision. This is particularly critical in young
children, where alignment must occur prior to the end of the
critical period for development of binocular vision.
Unfortunately, when surgical treatment is needed for eye
realignment, a large percentage of surgeries on the
extraocular muscles (EOM) either fail outright or fail to retain
stable eye realignment over time. While the etiology of many
forms of infantile strabismus is unknown, mounting evidence
supports the view that in the vast majority of cases neural
signals from the brain drive the misalignment. Thus,
examination of the EOM should provide a window for looking
at how alterations in CNS control over eye position might be
manifested in the peripheral end organ - the EOM. We have
been analyzing strabismus surgical specimens in order to
determine if there are morphological differences compared
to normal EOM that might shed light on etiology. In turn,
these analyses have suggested specific neurotrophic and
growth factor interventions that have the potential to return
the aberrant EOM morphology in strabismic patients to
normalcy.
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DISRUPTIONS IN NEURAL CIRCUITS IN MONKEYS
WITH STRABISMUS

Methods and results: Analysis of EOM from strabismus
patients removed at the time of resection surgery reveals
that even in the EOM of patients with a similar abnormal eye
position, there are significant differences in myofiber size,
patterns of central nucleation (indicative of cycles of
degeneration and regeneration), as well as differences in
density of satellite cells, innervation, and connective tissue
elements. These EOM specimens from strabismic patients
also show morphological differences when compared to
normal controls. In EOM from patients with over-elevation in
adduction, for example, innervation densities range from
significantly reduced, the same as, or significantly increased
compared to normal control EOM. In addition, there are
differences in patterns of myosin heavy chain (MyHC)
isoform expression between patient specimens and controls.

V.E. Das, A.C. Joshi
College of Optometry, University of Houston, Houston, TX,
USA
Binocular alignment and binocular coordination of eye
movements are important in primates who have frontal vision
and foveae to direct gaze at a particular object. The loss of
sensory or motor fusion early in development leads to ocular
misalignment (strabismus). The exact cause of strabismus is
often unknown and may involve diverse factors. The
common thread among the various sensory causes for
developmental strabismus appears to be a disruption of
binocular vision during the critical period for development.
Although the initial insult may be a disruption of visual
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information, it is likely that the steady-state strabismus is due
to disruption of central oculomotor circuits. Examination of
the role of oculomotor neural processes is best achieved by
neurophysiological investigation in non-human primate
models for strabismus. The current presentation first
establishes the monkey model as representative of human
strabismus by describing behavioral properties including
horizontal misalignment, A/V patterns, Dissociated
Horizontal and Vertical Deviations (DHD and DVD) and
alternating fixation. Focus will then be turned towards
presenting neuronal data from cells in motor (oculomotor
nucleus) and pre-motor areas (supraoculomotor area midbrain region containing cells that are modulated during
vergence angle changes) showing that many of the
strabismus properties in the monkey model for a sensory
strabismus are driven by neural signals. The vergence
region in the supraoculomotor area receives projections from
cerebellar structures including the fastigial nucleus and the
posterior interposed nucleus. Inactivation of these structures
in strabismic monkeys, using the GabaA agonist muscimol,
not only produces oculomotor deficits such as saccadic
dysmetria but also produces significant changes in
strabismus angle suggesting that the circuit which produces
changes in vergence angle in normal monkeys could play a
role in the development and maintenance of strabismus. In
summary, examination of oculomotor areas in the monkey
model for sensory strabismus has provided evidence for a
significant neural role in the moment-to-moment
maintenance of the strabismic state.

O443
MECHANISMS OF NEUROTRANSMITTER RELEASE IN
RETINAL BIPOLAR CELLS
R. Heidelberger
Neurobiology and Anatomy, University of Texas Health
Science Center, Houston, TX, USA
Bipolar cells of the vertebrate retina support both the
sustained release of neurotransmitter and a rapid burst of
neurotransmitter release, allowing these versatile neurons to
encode luminance and relative changes in luminance. In
2+
concentration
secretory cells, the cytosolic free Ca
regulates multiple steps in the exocytotic pathway, and it is
2+
likely that the free Ca levels in the synaptic terminals of rod
bipolar cells will regulate steps in the pathway leading to
neurotransmitter release and ultimately, how visual
information is encoded. In this presentation, I will describe
2+
2+
the Ca handling mechanisms that regulate the free Ca
concentration in the synaptic terminals of rod bipolar cells.
Using data obtained from quantitative fluorescence
2+
measurements of cytosolic Ca and patch-clamp recording
techniques, I will define the relative roles of mitochondria,
pumps, and exchangers. In addition, I will provide evidence
from the simultaneous measurements of membrane
2+
capacitance and intraterminal free Ca concentration to
show that the recruitment of vesicles to a fusion-competent
state, membrane recovery following exocytosis, and the
2+
apparent Ca -sensitivity of neurotransmitter release are
2+
each regulated by the intraterminal Ca concentration.
2+
Finally, to better appreciate how these Ca -dependent steps
work together to shape the synaptic output of rod-driven
bipolar cells, data from a computational approach will be
presented.
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CHANGES IN STRABISMUS OVER TIME
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H. Ying
Johns Hopkins University, Baltimore, MD, USA
Patients with strabismus often have deviations that require
multiple sessions to establish a stable measurement.
Clinically, this is well-described in the condition we call
sensory exotropia. When vision is lost in one eye from injury
or eye disease, that eye typically turns outward slowly over
time, presumably through the loss of binocular fusion. With
the loss of sensory input from one eye, fusion and retinal
image disparity correction can no longer occur, and the eyes
drift over time. Recently, we have observed in macaques
that this drift of alignment also requires visual stimulation
from one eye. In a model of experimental superior oblique
palsy, there was a striking improvement then worsening in
vertical alignment during the immediate post-lesion period.
How might monocular viewing drive changes in ocular
alignmentin the absence of sensory fusion? The brain has
access to two sources of extraretinal information that could
signal the position of the eye in the orbit: (1) an efference
copy of the premotor eye position command and (2) afferent
information based on orbital proprioception. We speculate
that with acute SOP there is a mismatch between the
afferent signal of the actual eye position in the orbit and the
efferent copy signal of where the brain estimates the eye to
be based on the motor command. This mismatch could
become an error signal that induces a disconjugate adaptive
change in eye alignment that lessens the ocular deviation.
The early improvement in the vertical deviation following IV
nerve section is likely driven by this process but only when
the brain does not have retinal image disparity information.
Regardless of mechanism, the change in the pattern of
ocular misalignment, both in the immediate post-lesion
period in an experimental model and in patients with recent
monocular visual loss are similar.
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PICCOLINO - EXPRESSION AND FUNCTION OF A
SHORT SPLICED PICCOLO VARIANT AT THE
PHOTORECEPTOR RIBBON SYNAPSE
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Piccolo is the largest known cytomatrix protein at active
zones of chemical synapses. While a growing number of
studies on conventional chemical synapses assign Piccolo a
role in the recruitment and integration of molecules relevant
for both endo- and exocytosis of synaptic vesicles, nothing is
known about its function at the complex ribbon synapses of
sensory neurons, e.g. retinal photoreceptors. Analysing the
retina of a Piccolo mutant mouse with a deletion of exon 14
in the Pclo gene, we were able to identify a ribbon specific,
C-terminally truncated Piccolo protein (Piccolino) which lacks
+
interaction sites for Bassoon, CAST, Munc13, L-type Ca²
channel, and RIM. Knockdown of Piccolino at photoreceptor
ribbon synapses resulted in a significant reduction in
RIBEYE protein levels and thus in ribbon size, while the
expression and distribution of arciform density proteins
remained largely unchanged. Moreover, rod spherules with a
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Piccolino knockdown showed enlarged surface area and a
reduction in synaptic vesicle numbers as compared to
control terminals. Taken together, our results point to a
major scaffolding role of Piccolino in the assembly and
maintenance of photo-receptor synaptic ribbons with
additional functions in synaptic vesicle recycling.

Background and aims: The bestrophinopathies are a group
of retinopathies caused by mutations in the BEST1 gene that
can affect retinal pigment epithelium and photoreceptor
function.
Our group has described the molecular basis of three
bestrophinopathies, two of which were novel. I will review the
genetics of the bestrophinopathies and will describe the
functional analyses we have undertaken to understand the
molecular pathology of these diseases.

Supported by a grant of the DFG (BR 1643 /4-2) to J.H.B,
H.R.-L.
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Methods: A range of bioinformatic analyses, splicing
assays, whole-cell patch-clamp electrophysiology, and
protein trafficking experiments were performed.
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Results: All mutations that cause autosomal dominant
vitreoretinochoroidopathy (ADVIRC) are in close proximity to
those that cause Best disease yet give a distinct phenotype.
ADVIRC mutations are situated close to intron-exon
boundaries and were found to alter pre-mRNA splicing.
Bioinformatic prediction of altered SR protein binding was
confirmed in vitro. Biallelic BEST1 mutations cause
autosomal recessive bestrophinopathy (ARB). All ARB
missense mutations investigated produced a significantly
smaller chloride conductance in HEK293 cells compared to
wildtype protein. The majority of mutant ARB bestrophin-1
proteins did not correctly localise to the cell membrane and
were degraded by the proteasome. Most recently we
reported mutations in BEST1 as a new locus for retinitis
pigmentosa (RP). Screening of RP panels found further
mutations in families with autosomal dominant and
concentric RP, and in a family with an apparent autosomal
recessive mode of inheritance. All the mutant bestrophin-1
proteins associated with RP gave a reduced chloride
conductance compared to the wildtype protein whilst
intracellular localisation in MDCK II cells was variable.

TRANS-SYNAPTIC INTERACTION OF NETRIN-G2 AND
NGL-2 REGULATES LAMINAR ORGANIZATION OF
HORIZONTAL CELL PROCESSES AND
PHOTORECEPTOR SYNAPSES IN OUTER RETINA
1,2
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Precisely-organized circuitry is a basis of retinal function that
processes various aspects of visual information. The outer
plexiform layer of mammalian retina is a primary synaptic
site, where cone and rod photoreceptors form specific
synaptic connections with distinct set of bipolar cells and
horizontal cells. Photoreceptor innervation is known to play
important roles in formation and maintenance of circuits in
the outer retina. However, underlying molecular mechanisms
are poorly understood. Here we report the cell type-specific
and complementary expression of a membrane-anchored
cell adhesion protein netrin-G2 and its receptor NGL-2 in
mouse retina, and describe anatomical characterizations of
the mouse strains devoid of these genes. Netrin-G2
expression was found in cone photoreceptors and some
(non-rod) bipolar cells, but not in rod photoreceptors, rod
bipolar cells, or horizontal cells. Expression of NGL-2 was
specifically found in horizontal cells, which are postsynaptic
partner of cone photoreceptors. Immunohistochemistry with
specific antibodies revealed punctate synaptic localization of
netrin-G2 and NGL-2 proteins in the outer plexiform layer.
Deficiency of netrin-G2 in mice resulted in diffusion of NGL-2
proteins. In netrin-G2 deficient mice, horizontal cell
processes aberrantly extended out from the outer plexiform
layer, and ectopic synapses were formed in the outer
nuclear layer, a layer normally devoid of synapses. Similar
cellular changes, i.e. aberrant sprouting of horizontal cell
processes and ectopic synapse formation, were observed in
NGL-2 deficient mouse retina. These findings suggest that
photoreceptor innervation instructs laminar organization of
horizontal cells and photoreceptor synapses by means of
trans-synaptic interaction of netrin-G2 and NGL-2.
Behaviorally, both mutant mice showed reduced visual
acuity in optomotor reflex test. Further understanding of the
pathway specific interaction of netrin-G2 and NGL-2 may
shed light on how functional retinal circuitry is laid out.

Conclusions: Mutations in BEST1 cause ocular disease
with phenotypic heterogeneity. The incidence of each of the
five bestrophinopathies is rare, but together, are an
increasingly important cause of genetic ocular disease. It is
apparent from our studies that different cellular mechanisms
can cause identical disease phenotypes and this is an
important consideration for gene replacement therapy.
Further study is necessary to elucidate how mutations in
bestrophin-1 structure and function influence the disease
mechanism.
Acknowledgements: National Eye Research Centre
(SCIAD 051), RP Fighting Blindness (GR575), Manchester
Biomedical Research Centre, Manchester Academic Health
Sciences Centre.
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PHENOTYPES & GENOTYPE-PHENOTYPE
CORRELATIONS OF BESTROPHINOPATHIES
B. Leroy
Dept of Ophthalmology & Ctr for Medical Genetics, Ghent
University Hospital & Ghent University, Ghent, Belgium
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Purpose: To describe the phenotypes of conditions due to
mutations in BEST1, the gene encoding bestrophin-1.
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Methods: A case presentation format will be used to
illustrate the phenotypes and genotypes of the different
bestrophinopathies, with special attention to both the clinical
and electrophysiological features that distinguish one
phenotype from the other, and those they have in common.
In addition, the different BEST1 genotypes will be discussed.

THE BESTROPHINOPATHIES AND THEIR DISEASE
MECHANISMS
F. Manson
The University of Manchester, Manchester, UK
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Results: The phenotypes of Best vitelliform macular
dystrophy
(BVMD),
autosomal
dominant
vitreoretinochoroidopathy
(ADVIRC),
and
autosomal
recessive bestrophinopathy (ARB) are very different as far
as their clinical phenotypes are concerned. Nevertheless at
the electrophysiological level, they share an abnormal
electro-oculography (EOG) as a common feature.
Electroretinography is normal in BVMD, whereas a rod-cone
dystrophy is evident in the later stages of disease of
ADVIRC and ARB. The BEST1 genotypes differ in that
BVMD is due to a heterozygous missense mutation in
BEST1, ADVIRC is due to interaction of several bestrophin
protein isoforms, and ARB is either the null phenotype or
due to biallelic mutations which lead to BVMD when
combined with the wild type allele.
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BESTROPHIN-1 INFLUENCES ORAI-1-MEDIATED
2+
STORE-OPERATED CA ENTRY IN PORCINE RPE
CELLS
N. Más, O. Strauß
Experimental Ophthalmology, Uni-Klinikum Regensburg,
Regensburg, Germany
Purpose: Over-expressed bestrophin-1, which is encoded
by the BEST1 gene, showed Cl channel function.
Endogenously expressed bestrophin-1 was found to have a
2+
rather intracellular function by modulating the Ca -release
2+
from intracellular Ca -stores. Thus, bestrophin-1 is likely an
intracellular Cl channel modulating calcium signaling
2+
involving Ca -stores. In order to clarify the intracellular
2+
function of bestrophin-1 we investigated store-operated Ca
entry (SOCE) in primary porcine retinal pigment epithelial
(RPE) cells.

Conclusions: The phenotypes of the bestrophinopathies
are diverse, although they share an abnormal EOG as the
common feature. The specific genotypes are also different,
leading to different molecular pathogenetic mechanisms.
COI/Financial disclosure: Nothing to disclose
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Methods:
Western
blot,
immunocytochemistry,
2+
immunoprecipitation, siRNA transfection and Ca imaging
(Fura- 2AM).

AAV-MEDIATED GENE THERAPY FOR
BESTROPHINOPATHIES
1

1

Results: Primary porcine RPE cells in short-time culture
showed robust endogenous bestrophin-1 expression
together with SOCE proteins: Stim-1 and Orai-1. SOCE was
elicited by SERCA (cytosolic Ca2+-ATPase) inhibition using
2+
thapsigargin (1µM) followed by Ca free conditions and
2+
subsequent re-addition of extracellular Ca . SOCE was
found to be blocked by 2-APB (75µM), enhanced by 2-APB
(5µM) and not affected by SKF96563 (50µM). Cells
transfected with Orai-1siRNA showed reduction in Orai-1
expression and SOCE amplitude by 65 %. siRNA knockdown of bestrophin-1 expression reduced SOCE amplitude
2+
by 69 %. Quantification of Ca released from stores in
response to thapsigargin application showed in cells
transfected with bestrophin-1siRNA a significant reduction
compared to that in Orai-1siRNA transfected cells. In
immunohistochemistry, co-localization analysis showed
strong co-localization of bestrophin-1 and Stim-1 and less of
bestrophin-1 with β-catenin. No interaction of stim-1 and
bestrophin-1 was found in immunoprecipitation experiments.
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Bestrophinopathies, a group of hereditary retinal disorders,
have been linked to mutations in BEST1 gene. This earlyonset disease primarily affects macular and paramacular
regions of the eye leading to major declines in central vision
later in life. Currently, there is no cure or surgical
management for BEST1-associated disorders. Canine
multifocal retinopathy (cmr), caused by mutations in the dog
ortholog, has been recognized as an important animal model
for human bestrophinopathies suitable to test experimental
therapies. We have previously demonstrated that AAVmediated gene delivery driven by human VMD2 promoter
specifically targets RPE cells in the canine retina. The aim of
these studies was to evaluate AAV2-mediated BEST1
transgene expression and assess the efficiency and safety
of the experimental treatment in cmr1-affected dogs.

Conclusions: Porcine RPE cells show SOCE mediated by
2+
Orai-1 Ca channels and possibly by Stim-1 interaction.
Bestrophin-1 in turn functions as Cl channel to conduct the
2+
counter-ion for Ca uptake into cytosolic stores. A loss of
bestrophin-1 or loss of Cl channel function by bestrophin-1
2+
2+
change intracellular Ca signalling involving release of Ca
from cytosolic stores.

-/-

A total of twelve cmr1 dogs were subretinally injected with
10
12
before
AAV2-VMD2-BEST1
(1.70x10 -1.03x10 vg/ml)
(prevention group) or after (reversal group) disease onset.
Each treated and control (non-injected or BSS-injected) eye
was serially monitored and documented by fundus
photography, cSLO (IR and FAF modes) and SD-OCT.
Clinical assessments were correlated with histological and
IHC evaluations of treated and control tissue samples;
specific Best1 expression was detected within all treated
areas by IHC. In the prevention group, regions
corresponding to the bleb did not manifest any disease
symptoms throughout the observation period. In the reversal
group, lesions within the treated region disappeared within 3
months after therapeutic injection, while the untreated areas
(non-injected or BSS-injected) remained unchanged or
developed disease symptoms. Both, in vivo imaging and
immunohistochemical evaluation revealed no adverse
effects secondary to the injection. Our preliminary findings
suggest that AAV2-mediated BEST1 gene replacement
therapy has a preventive as well as reversal potential in
cmr1-affected animals and carries a promise for translation
to patients.
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INSIGHTS INTO THE PATHOGENESIS OF
BESTROPHINOPATHIES THROUGH STUDIES OF
BESTROPHIN-2
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Mutations in the gene BEST1 cause five clinically distinct
retinal
degenerative
diseases,
collectively
termed
bestrophinopathies. BEST1 encodes bestrophin-1 (Best1), a
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2+

Ca dependent anion channel which modulates intracellular
2+
signaling. Best1 is expressed uniquely in the
Ca
basolateral plasma membrane of retinal pigment epithelial
(RPE) cells. However, the physiological role of Best1 in the
RPE remains unclear. To better understand the function of
Best1, we have explored the role of the closely related
protein bestrophin-2 (Best2). Best2 deficient mice exhibit a
variety of phenotypes that provide insight into the potential
role of Best1. In colon, Best2 functions as a bicarbonate
channel and its absence results in inflammation and
increased susceptibility to stress-induced weight loss. In the
eye, where Best2 is localized to the basolateral plasma
membrane of non-pigmented epithelial (NPE) cells, Best2
deficient mice exhibit a low intraocular pressure (IOP). This
occurs despite an increase in aqueous flow. Our recent
finding that bicarbonate sensitive adenylyl cyclase in the
NPE appears to mediate enhanced outflow, together with an
increased sensitivity of IOP in Best2 deficient mice to
carbonic anhydrase inhibitors, indicate that Best2 functions
as a bicarbonate channel in the NPE as well. In eccrine
sweat glands, Best2 is expressed in dark cells where it is
necessary for sweat production. These phenotypes for Best2
occur in tissues in which fluid transport is a major function.
W93C
R218C
and Best1
Vitelliform lesions in man and in Best1
knock-in mice appear to be chronic fluid filled retinal
detachments, suggesting that BVMD and perhaps other
bestrophinopathies are due at least in part to defects in fluid
transport which may be linked to abnormal bicarbonate
transport by Best1, similar to what we have observed for
Best2.

demonstrate alterations to corneal surface and epithelium.
Automated morphological and topological quantification
algorithm allowed the detailed analysis of SNP structures.
The SNP parameters are calculated in a series of imageprocessing steps and can be used to compare single nerve
fibres as well as whole networks of nerve fibres to each
other. The elimination of motion artifacts in CLSM volume
scans with following reconstruction of SNP structures even
in the presence of severe ACM is possible.
Conclusions: 2-D and 3-D CLSM permits in vivo
visualisation and analysis of the corneal surface and of
spatial arrangement at the cellular level in epithelium as well
as the reconstruction and morphological analysis of the SNP
layer in normal and pathological corneae. The method
provides a basis for further in vivo studies of alterations of
corneal surface structure and its cellular arrangement.
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HRTIII-RCM INTRAVITAL IMAGING PROVIDES NEW
INSIGHTS INTO LEUKOCYTE MIGRATION WITHIN THE
INJURED MOUSE CORNEA
S. Hanlon
Optometry, University of Houston, Houston, TX, USA
Background and aims: Neutrophils are rarely found in
uninjured corneas, but their numbers increase significantly
during corneal inflammation. Macrophages, on the other
hand, reportedly have a significant resident population in the
cornea. The numbers of resident macrophages reported are
varied and data have been confined to histological sections
and immunolabeled whole mounts. Macrophages interact
with infiltrating neutrophils in a variety of ways during acute
inflammation and in its resolution. There has been little/no in
vivo analysis of these two cell populations in the injured
cornea. The purpose of this study was to characterize
selected dynamics of these two sub-sets of leukocytes
following an epithelial abrasion, using in vivo confocal
microscopy.
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QUANTITATIVE EVALUATION OF CORNEAL
SUBSTRUCTURES BY IN VIVO CONFOCAL
MICROSCOPY
A. Zhivov, R.F. Guthoff
Ophthalmology, University of Rostock, Rostock, Germany
Background and aims: To evaluate in vivo two- (2-D) and
three-dimensional (3-D) confocal laser scanning microscopy
(CLSM) as a technique for visualising the corneal surface,
epithelium and subbbasal nerve plexus.

Methods: The Heidelberg Retinal Tomographer III with the
Rostock Corneal Module (HRTIII-RCM) was used to image
WT C57BL/6 mice before and after epithelial wounding.
Neutrophils were imaged for 10 minute sequences 8 hours
after wounding and their speed determined. The contribution
of integrins (Beta-1, -2 and -3) to neutrophil motility was
examined using blocking antibodies applied at the time of
wounding. In a second experiment, the population dynamics
of macrophages were determined using mice imaged 4
times and results averaged over a 12 day period. The mice
were then imaged at 24, 48, and 72 hours following
wounding, and macrophage cell density was determined for
each time point and compared to control corneas.

Methods: In vivo confocal microscopy (Heidelberg Retina
Tomograph II / Rostock Cornea Module; image size 400x400
µm, 384x384 pixels, 8 bit) was performed in central cornea.
Source data (frame rate 30 Hz) were used to create largescale maps of the scanned area in
Automatic Real Time composite mode. The algorithm aligns
single live images onto the previously mapped composite
image using landmark feature-based image processing. An
in-house developed image processing algorithm based on
phase correlation was used to analyze and reduce motion
artifacts in volume scan image sequences and implemented
in C++. The interactive 3D surface plot was used to visualize
the subbasal nerve plexus (SNP) layer in form of the depth
map in 3D, with nerve fibers clearly visible even in anterior
corneal mosaic (ACM) areas. An adapted algorithm for
image analysis was used to quantify the morphological and
topological properties of SNP in healthy and pathological
cornea.

Results: Neutrophils showed a strong preference for
migration over the network of keratocytes. Migration speed
was 6.84±0.37 (SE) µm/minute with a confinement ratio
(total path length/straight-line displacement) of 0.57±0.03.
Both were significantly reduced (28% and 29%, respectively)
when β1-blocking antibody was applied, but no significant
effect was found with β2- or β3-blocking antibodies. The
density of resident tissue macrophages was similar and
consistent between eyes, between animals, and from day to
day (morning and afternoon) with an average of 81 cells per
square millimeter. Post-wounding, macrophage density
remained unchanged at 24 hours but increased significantly
2
2
at 48 hours (106/ mm ) and 72 hours (118/mm ).

Results: Real-time 2-D mapping of the SNP was possible in
a large-scale area up to 3.2mmx3.2 mm (3072x3072 pixels).
3-D reconstruction and different visualisation techniques
(volume rendering, cross-section, en face view, oblique
section and surface reconstruction) were performed to

Conclusions: Neutrophil preferential migration along
keratocyte network is rapid but only partially dependent on
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β1 integrins. Apparently neutrophils also use integrinindependent mechanisms for migration through the corneal
stroma. The HRTIII-RCM provides evidence of a substantial
population of resident macrophages in the mouse cornea
that is elevated at 48-72 hours after injury. The extent to
which resident cell proliferation and circulating monocyte
recruitment contribute to this process remains to be
determined.

experimental studies can be directly applied in a clinical
setting when examining patients with corneal pathology.
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CHARACTERIZATION OF LEUKOCYTES RESPONDING
TO CORNEAL ABRASION
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IN VIVO IMAGING OF INFLAMMATORY CORNEAL
ANGIOGENESIS: EXPERIMENTAL AND CLINICAL
INSIGHTS
1

C. Smith , A. Burns , R. Rumbaut , Z. Li

Epithelial abrasion of the mouse cornea induces an innate
acute inflammatory response. Analysis of immigrating
leukocytes was carried out in fixed wholemount corneal
preparations using a Deltavision deconvolution microscope.
Ly6G+ neutrophils were first evident within 2 hrs in the limbal
stroma and peak throughout the anterior corneal stroma with
12-18 hrs. Platelets peaked co-incident with neutrophils and
were evident outside limbal vessels. Neutrophils and
platelets were positive for VEGF-A, and accounted for
increases in this growth factor in corneal tissue within the
first 12-18 hrs after wounding. Depletion of blood platelets
inhibited neutrophil influx and delayed wound healing. A
subset of gamma delta T cells immigrated into the limbus
and migrated in the epithelium toward the wound, peaking
within 18 hrs. They were CCR5+, IL-22+, IL-17A+ and NK1.1
negative. Depletion of gamma delta T cells significantly
reduced neutrophil and platelet influx and delayed wound
healing. Natural killer (NK) cells were rare in normal corneas
but immigrated into limbal stroma peaking at 24-30 hrs after
epithelial abrasion. This subset was NKp46+, NKG2D+,
CD11a+, CD11b+, EOMES+, NK1.1+, CCR2+, CXCR3+ but
RORgammat, IL-22 and CD94 negative. They were
predominantly in the limbal stroma and rare in the
epithelium. In contrast to gamma delta T cells, depletion of
NK cells increased neutrophil accumulation in the stroma,
suggesting that NK cells may serve to limit the innate acute
inflammatory response. These studies are consistent with
the hypothesis that acute inflammation plays a positive role
in corneal wound healing and that NK cells modulate the
inflammatory response preventing excessive inflammatory
tissue injury.

2

B. Bourghardt Peebo , P. Fagerholm , C. Traneus Röckert ,
1
N. Lagali
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Department of Clinical and Experimental Medicine, Faculty
2
of Health Sciences, Department of Pathology, Linköping
University Hospital, Linköping, Sweden
Background & Aims: Hem- and lymphangiogenesis have
important implications in a number of pathological
conditions. Monocytes/macrophages are bone-marrowderived cells that have been shown to be associated with
inflammation and phagocytosis, and are an important source
of molecules such as vascular endothelial growth factor.
Earlier studies have revealed in vivo appearance of corneal
lymph vessels and growing and regressing corneal
capillaries and their association with myeloid cells. The aim
of this work was to further characterize corneal lymph
vessels and to assess inflammatory cell association with
angiogenesis, using the newly developed in vivo confocal
microscopy technique. In addition, the method was applied
in a clinical setting when examining patients with corneal
neovascularization.
Methods: Angiogenesis was induced by suture placement in
one cornea of male Wistar rats. To assess myeloid cell
migration, in vivo confocal microscopy (IVCM) was
performed at 6h, 12h and day 1, 3 and 5 after suture
placement. To study lymphatic characteristics, IVCM was
performed at day 14 when lymph vessels had reached the
suture. In the capillary regression study, suture was removed
7 days after placement when a robust neovascularization to
the suture was observed. Three weeks after suture removal,
corneas were examined with IVCM. The same corneas were
removed, whole-mounted and stained with anti-CD11b, CD68, - Ki-M2R, -LYVE-1 and -CD31. Stained corneas were
compared with morphology observed in vivo. In addition,
patients with corneal neovascularization were examined with
IVCM in the clinics.
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DYNAMIC VISUALIZATION AND MECHANISMS OF
CORNEAL IMMUNE CELL MIGRATION
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2
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Results: Early myeloid cell infiltration had varying
appearance in different layers of the cornea. Superficial cells
were rounded or elongated and lined up in straight rows
toward the suture, whereas cells in deeper stromal layers
appeared to migrate in close association with keratocytes. In
the animal model, capillary regression at three weeks was
accompanied by macrophages, a finding that appeared to be
paralleled in a patient treated for corneal neovascularization.
Observations of rat corneal lymph vessels revealed
intraluminal cells of varying morphologies, moving either in
clusters or alone and with varying speed. For the first time,
human corneal lymph vessels, with identical characteristics
as in the animal model, were observed in patients with
corneal neovascularization.
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Background and aims: It is now well established that the
naïve cornea is endowed with resident central and peripheral
dendritic cells (DCs), which increase during inflammation.
However the molecules mediating the homing of DCs and
other immune cells to the cornea are not completely defined.
Their functional characterization has, thus far, mainly relied
on the analysis of ex vivo studies. Here, we have studied the
contribution of selectins and integrins in the trafficking of
DCs in the corneolimbal vasculature, both in steady state as
well as in inflammation in vivo.

Conclusions: The newly developed IVCM method can be
used to assess myeloid cell contribution to inflammatory
angiogenesis and has revealed earlier unknown
characteristics of corneal lymph vessels. Findings from

Methods:
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Intravital

Microscopy

(IVM-500

Mikron

Instruments) was used to study limbal and corneal
microvessels. CD11c+ DCs were isolated from the spleen of
FLT3 tumor mice and fluorescently labeled. BALB/c mice
were used to study intravital rolling and adhesion in the
limbal vasculature in steady state or suture-induced
inflammation. Effect of adhesion molecules was determined
by intravenous injection of antibodies to selectins (P, E and
L) and integrins (ICAM-1, VCAM-1, MadCAM-1) 30 minutes
before IVM recordings or by pre-treatment of DC with
relevant ligands. Homing of DC to normal or inflamed
corneas were studied by ex vivo confocal microscopy
(Olympus Fluoview 1000) 24 hours after injection of
fluorescently-labeled DC.

corneas. To visualize the corneal neo-vascular beds, we
generated Flk1-myr::mCherry; cfms-GFP double transgenic
mice which label endothelial cell membranes and
macrophages, respectively. The rationale for including
macrophages in our analysis stems from previous work from
others showing that macrophages induce ocular hyaloid
vessel regression. We hypothesized that Vegf-induced
corneal vessels regress due to anti-angiogenic macrophage
infiltration similar to what is seen in the hyaloid. However, we
did not detect significant cfms-GFP+ cell infiltration in
response to VEGF-releasing hydrogels despite the presence
of vessels. Rather, we discovered that PdgfBB/Fgf2releasing hydrogels recruit massive numbers cfms-GFP+
macrophages within hours post-implantation. These data
suggest that pro-angiogenic macrophage recruitment might
stabilize the PdgfBB/Fgf2-induced vessels. To further
investigate this possibility, we next implanted hydrogels that
released VEGF along with macrophage cytokine Colony
stimulating factor 1 (Csf1). Interestingly, this combination of
factors resulted in induced corneal vessels that are highly
reminiscent of the PdgfBB/Fgf2-induced vessels in terms of
structure and stability. Thus, we conclude that Csf1responsive macrophages have the ability to confer stability
upon Vegf-induced corneal vessels.

Results: During steady state, DC rolling on limbal vessel is
mediated by P-selectin (p=0.02), but not by E- or L-selectins.
Interestingly, although ICAM-1 and MadCAM-1 did not have
any contribution to rolling, VCAM-1 significantly reduced
rolling in steady state (p=0.01). In contrast, during
inflammation, rolling of DC on limbal vessel was mediated by
both P- (p< 0.001) and E-selectins (p=0.004), as well as
VCAM-1, but not L-selectin. Interestingly, MAdCAM-1
significantly reduced the rolling fraction in inflamed corneas
(4.1 %) as compared to controls (20.7%; p< 0.001). Further,
while only anti-VCAM-1 reduced adhesion during steady
state, both anti-MAdCAM-1 and anti-VCAM-1 treatment
profoundly reduced the sticking efficiency of DCs during
inflammation (p< 0.001). Homing experiments with blockade
of anti-MAdCAM-1 (p=0.005) or its ligand a4b7 (p=0.003), a4
(p=0.032) and b7 (p=0.007), showed significant reduction of
DC homing to the inflamed cornea as compared to controls.
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INTRAVITAL TWO-PHOTON IMAGING OF THE OCULAR
SURFACE IMMUNE SYSTEM

Conclusion: We demonstrate that while P-selectin and
VCAM-1 mediate DC rolling during steady state, during
inflammation, in addition to these molecules, E-selectin and
MadCAM-1 also contributes to rolling. Thus MAdCAM-1
mediates rolling and sticking of DCs specifically during
inflammation. MAdCAM-1 or its ligands may provide new
molecular targets for pharmacological intervention in
inflammatory, infectious, alloimmune and autoimmune
corneal diseases.
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Purpose: The cellular immune system of the ocular surface
forms an active barrier against potential pathogens. Reaction
towards the presence of pathogens is depicted by cellular
migration from and to the ocular surface in order to initiate
appropriate immune responses. The aim of the study was to
image cellular dynamics in real time that take place at the
ocular surface following antigen-stimulation and during
inflammation.

COI/Financial disclosure: NIH K08-EY020575, NIH K12EY016335, New England Corneal Transplant Research
Fund, Falk Medical Research Trust, Research to Prevent
Blindess Career Development Award.
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Methods: A modified two-photon microscope and a custom
made animal holder were used to analyze real time
dynamics of lymphocytes and dendritic cells at the ocular
surface of mice following antigen-challenge and
inflammation. Contrast enhancement and specific labeling
was conducted using fluorescent dyes.

CSF1-RESPONSIVE MACROPHAGES CONTRIBUTE TO
THE ANGIOGENIC SYNERGISM OF PDGFBB AND FGF2INDUCED CORNEAL VESSELS
R.A. Poché, C.-W. Hsu, M.E. Dickinson

Results:
Lymphocytes
show
compartment-specific
velocities, whereas dendritic cells within organized lymphoid
follicles remain stable. Migration of macrophage-like cells
within the cornea follows typical pattern during inflammation.

Molecular Physiology and Biophysics, Baylor College of
Medicine, Houston, TX, USA
Factors which promote or block stable neo-angiogenesis
have major implications for the treatment of pathological
angiogenesis, proper
wound
healing
and
tissue
transplantation/engineering strategies. It has been previously
shown that the combined signaling of Platelet derived growth
factor BB (PdgfBB) and Fibroblast growth factor 2 (Fgf2) has
a synergistic effect on angiogenesis and results in the
formation of stable, patent vascular structures. Conversely,
Vegf-induced vessels lie in stark contrast typically being
leaky, narrow, hyper-branching and ultimately regress.

Discussion: Two-photon microscopy is feasible to depict
cellular migration at the ocular surface in real time. Single
cell tracing as well as pattern recognition enable to detect
characteristics in cellular velocities and displacement. This
technology has the ability to be used for non-invasive
grading and characterization of inflammation at the ocular
surface.
COI/Financial disclosure: Nothing to disclose

In order to elucidate the cellular and molecular mechanisms
which result in such disparate vascular structures we have
taken an in vivo imaging approach by modifying the corneal
micropocket assay. Here, we implanted Poly(ethylene glycol)
diacrylate (PEGDA) hydrogels releasing PdgfBB/Fgf2 or
Vegf and assessed the angiogenic response in living
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ages can be readily obtained from eye banks. One key
question is this: what are the predominant processes
responsible for protein degradation over long periods of
time? For example, is racemisation, deamidation,
modification by reactive molecules, or peptide bond
cleavage of most importance for inducing protein
denaturation? Do the time scales for each of these events
differ? Which amino acids are involved? Are some proteins,
and certain regions within individual proteins, more
susceptible? Uncovering the answers to these questions has
obvious relevance for the aged human lens, however its
impact may be more widespread since old proteins are
found in a number of tissues in the body.

O458
DISULFIDE ANALYSIS IN CATARACTOUS HUMAN
LENSES USING STABLE ISOTOPE LABELING AND
ELECTRON TRANSFER DISSOCIATION MASS
SPECTROMETRY
L.L. David, G.E. Yue, P.A. Wilmarth
Biochemistry & Molecular Biology, Oregon Health & Science
University, Portland, OR, USA
Background and aims: The purpose of this research was to
identify the major disulfide cross-links between crystallins in
cataractous human lens.

Conclusions: Understanding these processes will provide
fundamental information on an important component of
human aging and may even allow us to intervene in some
aspects, in order to minimize the impact of protein
degeneration on human health.

Methods: Water-insoluble protein from a 93-year-old
cataractous lens was used to measure the relative
percentage that individual cysteines undergo disulfide
bonding. Samples were split into two portions where
cysteines were either alkylated with light ICAT reagent
(Sciex) without reduction, or labeled with heavy ICAT
reagent after reduction. The fractions were then combined,
digested with trypsin, cysteine-containing peptides purified,
and the relative proportion of disulfide involvement
determined by LC-MS. The unreduced proteins were also
digested with trypsin, separated by 2D-LC, and disulfide
bonded peptides identified using electron transfer
dissociation (ETD) mass spectrometry.
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SIMULTANEOUS INVERSION AND ISOMERIZATION OF
ASP RESIDUES AT N-AND C-TERMINAL REGIONS IN
ΒB2-CRYSTALLIN FROM THE AGED HUMAN
CATARACTOUS LENSES
1

Results: Based on numbers of identified spectra assigned to
disulfide bonded peptides using ETD, the disulfide linkage
between Cys 170 and 185 in beta A3 was the most
abundant disulfide crosslink in cataractous human lens.
These two cysteines were also found 70% and 54% oxidized
to disulfides, respectively, using the ICAT methodology.
Since cysteines in other crystallins had similar or greater
amounts of disulfide bonding (up to 89%), the data
suggested that detectability of specific disulfide crosslinked
species in shotgun experiments varied greatly.

2

Research Reactor Institute, Kyoto University, Osaka,
Kanazawa Medical University, Ishikawa, Japan

Human lens proteins are mainly composed from the α-, β-,
and γ-crystallin superfamily of proteins. The overall structure,
stability and short-range interactions of these proteins are
thought to contribute to the transparent properties of the
lens. Because the lens crystallins are long-lived proteins,
they undergo various posttranslational modifications
including isomerization, inversion, deamidation, oxidation,
glycation
and
truncation.
These
posttranslational
modifications may lead to age-related cataract. Previous
studies concerning the posttranslational modification of βcrystallin have been limited to analyzing the deamidation of
asparagine (Asn) or glutamine (Gln) residues, and oxidation
of methionine and tryptophan residues. Here, we
demonstrate for the first time stereoinversion and
isomerization of the Asp residues at the N-and C-terminal
regions in βB2-crystallin isolated from elderly individuals.
The βB2-crystallin is composed of 205 amino acids and
contains 11 Asp and 8 Asn residues. We found two D-β-Asp
sites at position 4 and 192 in βB2-crystallin. Surprisingly, the
D/L ratio the Asp-4 residue of βB2-crystallin of elderly donors
is much higher than 1.0. The N- and C-terminal extensions
of βB2-crystallin are largely unstructured. These extensions
were shown to be accessible to solvent and possess
significantly greater flexibility compared with the domain core
of the protein. Thus, the structural data supports our
hypothesis that the highly flexible region around Asp-4 and
Asp 192 could promote formation of the inversion and
isomerization. It is well known that the N- and C-terminal
extensions of βB2-crystallin are involved in protein-protein
interactions in the βA3/βB2crystallin hetero-tetramer. The
inversion and isomerization of N- and C-terminal extensions
could trigger major structural changes and may change
crystallin-crystallin interactions and disrupt the function of
crystallins in the lens.

O459
OLD PROTEINS IN THE HUMAN LENS AND THE
CONSEQUENCES
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2
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Conclusions: Due to its ease of detection, the cross-linked
peptide containing Cys 170 and 185 in beta A3 may be an
excellent marker for oxidative damage in lens. Quantification
of the absolute abundance of specific disulfide cross-links in
crystallins is challenging and will require generation of
synthetic standards of known concentration for these
species. Such quantitative experiments are an important
step in our understanding of the structure of insoluble light
scattering aggregates in human lens. (Supported by NIH
grants EYO7755 and EY10572).
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Background and aims: The discovery that the primary
reason for human age-related lens disorders can be traced
to the decomposition of long-lived macromolecules has
opened up a number of avenues for research. One major
thrust involves the use of the lens as a model system for
elucidating the processes involved in the deterioration of
such ancient macromolecules. The human lens is ideal for
this purpose because it is composed of just a few major
proteins (the crystallins) and samples of proteins of different
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In recent years, reports have emerged showing that the
human lens contains a population of endogenous low
molecular weight (LMW) peptides (< 4 kDa) derived from the
crystallin proteins. We have been able to identify a total of
316 different LMW peptides in the water-soluble (WS) and
water-insoluble (WI) extracts of human lenses using
nanoLC-ESI-MS/MS. Peptides derived from α-crystallin were
the most abundant and covered the majority of the protein
sequence, while peptides originating from five other crystallin
subunits (βA1/A13, βA4, βB1, βB2 and γS) were also
identified. Selected reaction monitoring quantification
showed that one of the most abundant LMW peptides
detected, αA57-65, not only increased steadily with age, but
was also present in three isobaric forms as a result of Asp58
racemization and isomerization. In order to explore the utility
of mass spectrometry in distinguishing between Asp
isomers, we had αA57-65 synthesized to include Asp variants
D-Asp, L-Asp, D-isoAsp and L-isoAsp. Similar to the lens
derived peptides, clear and reproducible differences in the
product ion spectra were observed between Asp and isoAsp,
however the D-Asp versus L-Asp fragmentation was difficult
to differentiate. An analysis of the terminal residues of all
LMW peptides identified, indicated that trypsin-like
proteolysis may take place in the lens, along with chemical
cleavages at Ser, Gly, Thr and Asp residues. Following
these initial cleavages, progressive hydrolysis of the terminal
residues yields a series of peptides of diminishing chain
length. The large number of peptides discovered suggests
that crystallin proteolysis may impact upon proteostasis
within the aging lens.
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MEMBRANE LIPIDS IN HUMAN LENSES AND AGE
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It is well established that macroscopic alterations occurring
to the human lens with age, such as an increase in stiffness,
correlate with microscopic alterations observed to lens
proteins. There has been limited investigation thus far on
changes to the lens membrane lipidome with age. Previous
studies pooled lenses or did not use quantitative techniques
for analysis. For an age-related comparison, it is essential to
use individual lenses and examine the nucleus only; the lens
present at birth.
The aim of this study was to examine lipid alterations that
occur with age in the human lens nucleus.
Sixty human lenses aged between 12 and 82 were
separated into nucleus and cortex by coring the centre using
a 4.5 mm trephine, and approximately 1 mm was removed
from the ends of the cylinders. Human lens lipids were then
extracted by standard methods and analysed by
complementary
mass
spectrometric
techniques.
Glycerophospholipids that are abundant in young lenses
decrease dramatically to a negligible concentration with age.
Concurrently, dihydroceramides and ceramides that are
undetectable at age 20 increase over 1000-fold by age 60.
We hypothesised that the increases in ceramide
concentration were due to decreases in biosynthetically
related molecules dihydrosphingomyelin and sphingomyelin;
however the concentration of these lipids remained
unchanged with age. Preliminary work has focussed on
elucidating the identity of other biosynthetically related
molecules that may have caused the increase in ceramides
with age. New sphingolipid molecules were identified for the
first time in the human lens.
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TRPV4-MEDIATED CALCIUM ENTRY IS REQUIRED FOR
THE LENS TO SENSE AND RESPOND TO HYPOSMOTIC
STRESS
N.A. Delamere, A. Mandal, M. Shahidullah
Department of Physiology, University of Arizona, Tucson,
AZ, USA
Intact lenses respond to hyposmotic stress in a complex
manner that involves release of ATP followed by stimulation
of purinergic receptors, activation of Src tyrosine kinases
and increased Na,K-ATPase activity. TRPV4 antagonists
prevent all these components of the hyposmotic response,
leading us to propose a critical mechanistic role for TRPV4
channel-mediated calcium entry. To examine calcium entry
in a direct manner studies were carried out in primary
cultured lens epithelial cells loaded with Fura 2. Exposure of
cultured cells to hyposmotic solution (200 mOsm) caused an
increase in cytoplasmic calcium concentration. The calcium
rise was abolished by the TRPV4 antagonist RN 1734 and
by removal of calcium from the bathing solution. RN1734
was ineffective when added after the onset of hyposmotic
stress. Under isosmotic conditions, the TRPV4 agonist
GSK1016790A alone elicited a cytoplasmic calcium rise
comparable to that elicited by hyposmotic stress. Studies on
intact lenses were conducted to confirm calcium entry is
required for the hyposmotic reponse to occur. Hyposmotic
solution caused ATP release from intact lenses that was
significantly attenuated by removal of calcium from the
bathing solution. ATP release occurred when intact lenses in
isosmotic solution were exposed to ionomycin, which is
known to increase cytoplasmic calcium and the magnitude
was similar to that induced by hyposmotic solution. Crucially,
the magnitude of ATP release was no greater when lenses
were exposed simultaneously to ionomycin and hyoposmotic
solution. The results point to TRPV4-mediated calcium entry
that causes a cytoplasmic calcium increase which is an
essential early step in the mechanism used by the lens to
sense and respond to hyposmotic stress.

Dramatic alterations that occur to lens lipids in the human
nucleus with age may have significant effects on lens protein
function throughout one's lifespan. These membrane
alterations correlate to the onset of presbyopia. Further work
is required to elucidate the mechanisms of lipid alterations
with age.
Supported by NHMRC grant #464866; RJWT is a NHMRC
fellow.
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CRYSTALLIN PROTEOLYSIS AND ISOMERIZATION:
TWO SIGNIFICANT CHARACTERISTICS OF THE AGING
HUMAN LENS
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Background and aims: Although the major risk factor of
glaucoma is increased IOP, it has need proposed that
glaucoma, especially normal tension glaucoma, may be
associated with the abnormalities in optic nerve head and
retinal microcirculation. Indeed, there were some studies to
report that low ocular perfusion pressure (OPP), which is
estimated as the difference between arterial blood pressure
and IOP, is associated with the pathogenesis of glaucoma.
However, the exact mechanism of OPP-related change in
retinal blood flow remains unclear. Herein, we investigated
regulatory mechanisms in the feline retinal circulation during
decreased ocular perfusion pressure (OPP).
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COMPLEMENT FACTOR H POLYMORPHISMS AND
CHOROIDAL BLOOD FLOW REGULATION
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The genetic basis of ocular blood flow regulation is not well
understood. In the recent years significant advances in our
understanding of genetic risk factors for AMD have been
made. Most importantly, the association between the genetic
variants of complement factor H (CFH) and different
phenotypes of AMD has been revealed. Interestingly, CFH
deficient mice show abnormal retinal vascular development
and perfusion. Based on these animal data the present study
was performed to identify a possible link between genetic
risk factors for AMD and the regulation of choroidal blood
flow. The hypothesis that the CFH Tyr402His polymorphism
is linked to the regulation of vascular tone in the choroid was
tested in healthy volunteers. As such we investigated if
carriers of the His402 allele show an abnormal choroidal
blood flow regulation during changes in ocular perfusion
pressure as compared to carriers of the Tyr402 allele. A total
of 100 young healthy subjects was included in this study.
Choroidal blood flow was measured using laser Doppler
flowmetry during isometric exercise. Mean arterial blood
pressure and intraocular pressure were measured noninvasively, and ocular perfusion pressure was calculated.
The increase in ocular perfusion pressure during isometric
exercise was comparable between groups. A significantly
reduced choroidal blood flow regulation was, however,
observed in carriers of the His402 allele as compared to the
other groups (p < 0.01). Our data indicate an interesting link
between choroidal blood flow dysregulation and the
complement system.

Methods: The effects of acute decreased OPP on retinal
arteriolar diameter, blood velocity and retinal blood flow
(RBF) were assessed with laser Doppler velocimetry. We
manipulated the OPP by elevating the intraocular pressure
(IOP). The involvement of nitric oxide (NO), adenosine
and/or N-methyl-D-aspartic acid (NMDA) in regulating the
retinal arteriolar hemodynamics during decreased OPP was
determined 2 hours after intravitreal injections of inhibitors.
Results: The OPP gradually decreased from 90 to 40
mmHg. In the phosphate buffered saline group, RBF was
maintained at more than 70 mmHg of OPP but significantly
decreased to below 60 mmHg of OPP during the OPP
decrease by elevated IOP. The blockades of an adenosine
receptor, a NO synthase and an NMDA receptor enhanced
the decreased RBF in response to elevated IOP.
Conclusions: The RBF was maintained until the OPP
decreased to 70 mmHg both during elevated IOP. NO,
adenosine, and NMDA might be responsible for the RBF
preservation in response to elevated IOP. Because the
autoregulation of retinal blood flow was reported to be
impaired in patients with glaucoma, our findings may help
shed light on its diagnostic and therapeutic potential in
glaucoma.
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NEUROVASCULAR COUPLING IN THE PATHOLOGICAL
RETINA

CAN COLOR DOPPLER IMAGING (CDI) TELL US MORE
ABOUT DYSREGULATION?
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Neuronal activity leads to vessel dilation and an increase in
blood flow in the central nervous system. This neurovascular
coupling can be detected both in the brain as well as the
retina. Retinal neurovascular coupling is decreased in
patients with neuropathies of the retina such as diabetic
retinopathy and glaucoma, possibly contributing to the
progression of disease. Understanding the signaling
mechanisms that underlie such reduction could be crucial in
elucidating
disease
pathology.
We
investigated
neurovascular coupling in a streptozotocin-treated rat model
of type I diabetes. In an ex vivo retina preparation, we found
that both light- and glial-evoked arteriole dilation was
reduced in diabetic animals, while constrictions increased
significantly, before the occurrence of any neuronal loss.
However, signs of early glial reactivity and an upregulation of
inducible nitric oxide synthase (iNOS) were detected in these
retinas. Previously, NO has been shown to reduce and/or
invert evoked vascular responses. Accordingly, we found
that inhibiting iNOS in diabetic retinas restores both lightand glial-evoked dilations to control levels. We confirmed the
loss of light-evoked dilations in diabetic retinas in an in vivo
preparation. Furthermore, diabetic animals that were given
the iNOS blocker aminoguanidine, either chronically in

Brief summary of current CDI literature on ocular blood flow,
emphasizing differences in Doppler patterns between
glaucoma and healthy subjects. Exploring Doppler variables
not routinely used in glaucoma studies, such as mean flow
velocity and pulsatility index, including the use of these
variables on other vascular territories. Overview on the
resistivity index cutpoints of the different retrobulbar arteries
as possible markers of vascular dysfunction. Use of
ophthalmic artery Doppler waveform variables as a
surrogate of systemic dysfunction and its possible use in
studies on ocular blood flow in glaucoma patients.
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THE MECHANISMS OF AUTOREGULATION OF RETINAL
BLOOD FLOW IN RESPONSE TO THE CHANGE IN
OCULAR PERFUSION PRESSURE
T. Nagaoka
160

1

drinking water throughout the duration of diabetes or acutely
via IV just prior to experiment, showed recovery of lightevoked arteriole dilations to control levels. These results
indicate that abnormally high NO levels resulting from iNOS
upregulation alter glia-to-vessel signaling and could underlie
the changes in neurovascular coupling observed in diabetic
retinopathy. Changes in retinal neurovascular coupling, and
beneficial effects of NO blockers, have also been reported in
glaucoma studies suggesting that iNOS may be a common
factor in retinal neuropathies and that iNOS inhibition may
limit the progression of retinopathy, possibly by restoring
normal neurovascular coupling.
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Glasgow Caledonian University, Glasgow, Ophthalmology,
5
Oxford Eye Hospital, Oxford, Gloucestershire Hospitals
6
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University, Glasgow, UK
A sequential hyperspectral retinal camera was used to
derive retinal vessel oximetry values in a small (n=10) group
of normal subjects, compared with patients (n=9) with
asymmetric glaucomatous visual field loss. The validity of
the measured oximetric values was confirmed using a model
eye with artificial retinal vessels filled with human whole
blood of known oxygen saturation.
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There was no statistically significant difference between the
arteriolar O2 saturation in normal subjects versus the
glaucoma eyes. There was a statistically significant
difference between venular venous saturation in normal
eyes, versus glaucoma eyes, with higher venous saturation
in those eyes with glaucoma. In an inter-eye comparison
between the glaucoma eyes: those eyes with worse visual
field damage had statistically higher venous saturation than
the eyes with less visual field loss.
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INCREASED MICROVESSELS TORTUOSITY AND LIPIDS
DEPOSITION IN THE RETINA AND CHOROID OF TYPE 2
DIABETIC RATS
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It is suggested that the higher venular O2 saturation in the
glaucoma eyes represents reduced oxygen utilisation by the
inner retina: this objective measurement of reduced ganglion
cell oxygen consumption might be valuable in the
measurement, of the response to treatment, eg IOP
lowering, or neuroprotective strategies in glaucoma patients.

Diabetic retinopathy is characterized by multiple
microcirculation dysfunctions resulting from oxidative stress
and hyperglycemia - endothelial cells dysfunction, failure of
the blood-retinal barrier, retinal blood flow abnormalities,
ischemia, microaneurysms and finally neovascularization.
Here, the retina of non-insulin-dependent diabetic GotoKakizaki (GK) rats was examined to detect vascular
dysfunctions. Microvascular bed morphological alterations as
well as lipid deposits in the retina and choroid were
particularly evaluated. Endothelial function integrity was
measured by assessing retinal vascular permeability. 30and 36-week male GK rats, an animal model of spontaneous
type 2 diabetes without obesity and age-matched Wistar rats
were used. The retinal vascular bed was examined using
ADPase staining. The level of lipid accumulation was graded
using triglycerides staining with Oil red O. The retinal
vascular permeability was assessed using Evans blue dye
extravasation technique. Student's t-test was used to
determine significant difference between control and GK
rats. Staining of the retinal sections with Oil Red O revealed
abundant lipid deposits between the retina and choroid of
GK rats but not in control animals. This was accompanied by
greater tortuosity of the retinal microvessels, an index of
endothelial dysfunction. However, retinal vessels density (%
of vessels/surface area: 23.4 ± 0.5 vs. 22.2 ± 0.5, P > 0.05)
and vascular permeability (Evans blue, µg/g of fresh tissue:
22.8 ± 4.3 vs. 22.0 ±2.3, P > 0.05) were not changed in 30and 36-GK rats compared to controls. These results show
that lipids accumulation occurs in the retina and choroid of
spontaneous type 2 diabetic retina which might be linked to
vascular alteration. Endothelial dysfunction in GK rats was
detected by presence of vessel tortuosity but was not
associated with a change in vascular permeability and
vessel density.
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RETINAL GANGLION CELL SURVIVAL CORRELATES
WITH RETINAL MICROVASCULATURE PROTECTION
AND BLOOD FLOW RESTORATION IN EXPERIMENTAL
GLAUCOMA
1

The relationship between neuronal and vasculature
degeneration in glaucoma is not well understood. We
previously demonstrated that the acetylcholinesterase
inhibitor galantamine protects retinal ganglion cells (RGCs)
in experimental glaucoma. Here, we asked whether
galantamine-induced
neuroprotection
correlates
with
changes in the retinal microvasculature and blood flow. The
retinal microvasculature density was quantified using
isolectin, and the regional ocular blood flow was assessed
by quantitative autoradiography using N-isopropyl-p-14Ciodoamphetamine ([14C]-IMP). Ex vivo experiments were
carried out on isolated retinal arterioles. RGC death was
accompanied by a dramatic reduction in the density of the
retinal microvasculature and blood flow. Galantaminemediated protection of RGCs led to preservation of retinal
capillaries at five weeks after OHT surgery. Furthermore,
vasculature protection correlated with marked restoration of
blood flow in glaucomatous eyes compared to control eyes.
Consistent with an increase in blood flow, galantamineinduced vasodilation in isolated retinal arterioles occurred in
an endothelial cell-dependent manner. Blockers of
muscarinic ACh receptors (mAChR) inhibited the neuro- and
vaso-protective effects of galantamine. Our study supports a
tight relationship between neuronal and vascular
preservation in experimental glaucoma, and identifies a role
for galantamine in RGC and vascular protection via mAChR
activation.
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RETINAL VESSEL OXIMETRY IN NORMAL VERSUS
GLAUCOMA SUBJECTS
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a depth of 0.5 mm. An outlook towards the possibilities for
eye research will be given.
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[1] S. Witte et al. PNAS 108, 5970 (2011).
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HIGH-RESOLUTION LIVE TISSUE IMAGING
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BRILLOUIN OPTICAL MICROSCOPY FOR HIGHRESOLUTION BIOMECHANICAL CHARACTERIZATION
OF THE CORNEA AND LENS IN SITU

3

LaserLaB, Neuroscience Campus Amsterdam, CNCR, VU
University Amsterdam, Amsterdam, The Netherlands

S.H. Yun, G. Scarcelli

Background and aims: Nonlinear optical microscopy holds
promise for medical diagnostics, as it allows tissue screening
with cellular resolution through a noninvasive 'optical
biopsy´. In nonlinear microscopy, a laser beam is tightly
focused inside a sample, where a nonlinear process such as
two-photon excitation occurs. Since this process has a
nonlinear dependence on the laser intensity, it will be
localized at the laser focus. Scanning the laser focus through
the sample then provides a 3D structural image. However,
most nonlinear imaging methods requires fluorescent dyes
to provide image contrast, which is often problematic.

Harvard Medical School, MGH, Boston, MA, USA
Cornea pachymetry and topography are widely used for
diagnosis of corneal disorders. In addition to morphology,
the biomechanical properties of the cornea are considered
an important indicator of corneal health. Keratoconus is a
degenerative condition that involves a loss of corneal
elasticity. Ectasia, which can occur as a rare but serious
complication of refractive surgery, results from a decrease in
corneal stiffness. Corneal cross-linking (CXL) is a procedure
to increase the elastic modulus of the cornea to treat or
prevent ectasia. A noninvasive device that could measure
the corneal biomechanical properties has the potential to
improve early detection of Keratoconus, screening of
individuals at high risk of ectasia, and monitoring the
outcome of CXL. Our laboratory has developed an optical
technique, Brillouin optical microscopy, to measure the
elastic modulus of the cornea with 3-dimensional resolution.
We will present the initial results of Brillouin scan
measurements on animal and human corneas, as well as
crystalline lens, and discuss the prospect of this new
technology in clinical ophthalmology.

Methods: We have recently shown [1] that a technique
known as optical third-harmonic generation (THG) enables
high-resolution deep-tissue imaging without external contrast
agents. THG is a nonlinear optical phenomenon in which
three photons are converted into one. The efficiency of THG
is strongly enhanced by the presence of structural
inhomogeneities at the length scale of the laser focus. As a
result, it provides a sensitive tool for detecting boundaries
and membranes inside tissue, and is therefore an intrinsic
probe of tissue structure.
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PHOTOACOUSTIC IMAGING FOR FUNCTIONAL
EVALUATION OF OPHTHALMIC CIRCULATION
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Background and aims: Currently available ophthalmic
imaging devices (e.g., Optical Coherence Tomography) are
optically-based and visualize anatomy. Photoacoustic
imaging provides physiologic information of optically deep
tissue with high spatial resolution.
Methods: A photoacoustic (PA) system is constructed using
a tunable, pulsed Nd:YAG laser with a repetition rate of 10
Hz and pulse width of 5 ns. Illumination is provided through a
fiber optic ring (mean laser pulse energy density 0.5
mJ/cm^2). Ultrasound transducers with 15 and 25 MHz
frequencies acquired both pulse-echo and photoacoustic
images, leading to axial resolutions of 83 and 50 µm and
lateral resolutions of 200 and 240 µm, respectively. This
instrument is used to scan 2 pig eyes ex vivo and 5 living
New Zealand rabbits. A second generation system is
developed with 35 µm axial resolution.
Results: We demonstrate co-registered photoacoustic and
ultrasound images and visualize the orbit with a high depth
of penetration while showing the ophthalmic circulation.

[Figure 1: THG image of neurons in a brain sample]
Results and conclusions: We find that THG microscopy is
a versatile tool for label-free live brain imaging. The brain's
highly inhomogeneous structure, combined with the
composition of the extracellular matrix, enables THG
imaging with excellent contrast. Various structures such as
neurons (Figure 1), white matter fibers and blood vessels are
readily observed. Furthermore, we have used THG
microscopy to guide patch-clamp pipettes towards neurons
deep inside tissue, as a first step towards laser-guided
microsurgery. We have performed nonlinear microscopy on
various tissue types, obtaining high-resolution 3D images to
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and temporally, illuminating the specimen via an objective
lens mounted on an inverted microscope. CARS signal was
detected with a photomultiplier tube coupled to a bandpass
filter, whereas a phase-sensitive lock-in detection scheme
was implemented to monitor the SRS signal.
Results: CARS and SRS imaging allowed the chemical
selective visualization of individual lipid droplets in the
meibocytes of the acinus, as well as concentrated lipid pools
in the ductules. High-resolution chemical maps of the
meibomian glands, obtained with hyperspectral imaging,
revealed compositional variation not only between the
ductules and acini, but also within individual acini.
[Figure 1]
\Figure 1 shows ultrasonographic (A), photoacoustic
parasagittal (B), PA coronal (C) and 3D PA (D) images. The
pig eye image was acquired using 8 averages of 63 A-scan
lines 250 µm apart. In rabbits, the acquisition consists of 32
averages of a scanned area 12 mm by 8 mm in 250 µm
steps. Improved 35 µm resolution is demonstrated with a
phantom of two crossing hairs (E).
Conclusions: We developed a novel photoacoustic imaging
device to noninvasively image the eye, including the retina,
choroid, and optic nerve. Using safe laser intensity, this
system visualizes blood distribution in pig and living rabbit
eyes. Photoacoustic imaging may be used for early detection
and improved management of neovascular and ischemic
ocular diseases.

Conclusion:
With
hyperspectral
coherent
Raman
techniques, compositional variation and distribution of lipids
in the meibomian gland can be mapped without the need of
exogenous labels or dyes, paving the way towards
understanding the physiochemical and functional changes of
lipids in diseased glands.
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IDENTIFICATION AND LOCALIZATION OF SMALL
MOLECULES
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CHEMICAL MAPPING OF LIPIDS IN MEIBOMIAN
GLANDS WITH HYPERSPECTRAL COHERENT RAMAN
MICROSCOPY
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2
R.A. Yost

Imaging mass spectrometry (IMS) is an analytical technique
for excised and sectioned tissue specimens enabling the
identification and localization of unknown biomarkers related
to diseases or treatment. Identification of biomarkers in IMS
n
occurs via tandem MS (MS ), wherein a nominal m/z is
isolated and fragmented, producing structurally characteristic
product ions. The application of IMS to large tissue
specimens rather than thin tissue sections requires
evaluating methods of dissection and mounting. This work
presents the application of matrix-assisted laser
desorption/ionization (MALDI) IMS to flat-mounted eye
segments to evaluate chemical biomarkers of eye diseases.
n
Furthermore, we present the use of MS for compound
identification and initial work on the co-localization of lipids in
eye segments.
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Background and aims: Although meibomian gland
dysfunction (MGD) is known as a major cause of evaporative
dry eye disease, relatively little is known about the
underlying changes in gland structure and lipid composition
as a function of disease progression. It has been suggested
that meibum lipid quality correlates with the degree of
protection against increased evaporation of the eye. Several
methods have been used to study lipid composition in
diseased tissue; however, they typically involve a series of
extractions and additional processing of the specimen. Such
a procedure eliminates the possibility to study how lipid
composition varies in the context of the native architecture of
the tissue. In this work, we demonstrate the utility of
hyperspectral coherent Raman microscopy, including
coherent anti-Stokes Raman scattering (CARS) and
stimulated Raman scattering (SRS), to investigate the
distribution and composition of lipids in the human
meibomian gland.

Donor eye tissue was obtained from the Lions Eye Bank.
Flattened posterior eye segments beginning at the ora
serrata (fixed in 4% paraformaldehyde phosphate buffer)
were floated onto nitrocellulose paper by placing the
nitrocellulose paper beneath the flat-mount in a small Petri
dish containing fixative. Excess fixative was removed with a
glass pipette to allow the flat-mount to fall onto the paper.
The flat-mount was dried, under a stream of nitrogen, being
careful to keep the tissue slightly moist to aid in adherence
to the nitrocellulose during the matrix coating process. The
MALDI matrix was applied to the tissue using either a spray
chamber built in our lab or an artistic airbrush. The samples
were dried and inserted into the mass spectrometer and
rastered with respect to the laser (spot diameter of 100 µm)
at a step size of 100 µm, collecting 2-3 laser shots per spot
across the entire tissue. Images were generated by plotting
extracted ion intensity (normalized to the total ion current) of
a particular m/z versus the x-y position on tissue.

Methods: Eyelid surgical tissues from blepharoplasty
patients were fixed in 2% paraformaldehyde in phosphate
buffered saline. After subsequent cryotome sectioning, the
tissue sections were placed on a glass microscope slide for
imaging. To generate the CARS and SRS signals, Stokes
and pump beams were provided from an optical parametric
oscillator (OPO) pumped by a 7-ps, 76-MHz mode-locked
Nd:vanadate laser. The Stokes beam was fixed at 1064 nm,
whereas the pump beam was tuned within the 800-820 nm
range. Wavelength tuning was accomplished through
computer control of the OPO light source, enabling the
acquisition of hyperspectral images in an automated fashion.
The Stokes and pump beams were overlapped both spatially

For tissues received from human donors, ions detected may
be related to donor history or preservation procedures. A
specific m/z value was characterized as benzalkonium
chloride (a common preservative in over-the-counter eye
care products), which was later confirmed to be resulting
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from preservation. In addition, IMS was utilized to detect
multiple species of lipids from flat-mounted tissues (retina
and choroid); initial studies suggest that the distribution of
these lipids may correlate to drusen-rich regions in the
choroid of an age-related maculal degeneration study.
Futhermore, phospholipids oxidation products were
characterized in eye tissue illustrating the broad capabilities
of IMS to identify and determine the localization of unknown
compounds in eye segments.
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SURROUND RESPONSES IN CONES AND THE
ROD→CONE SIGN-INVERTING SIGNALS ARE
MEDIATED BY DIFFERENT FEEDBACK SYNAPTIC
MECHANISMS
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USA
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Mediating antagonistic surround responses of cones and
bipolar cells and regulating voltage gains and response
kinetics of the photoreceptor output synapses are two key
functions of the HC-cone feedback synapse. We found that
the depolarizing responses elicited by surround illumination
in salamander cones are associated with a conductance
increase, and these surround responses varies with the cone
types and the wavelengths of the center illumination, and
they exhibit different sensitivity to GABA receptor and
hemichannel blockers. In addition to the surround
responses, a sign-inverting, unidirectional rod→cone current
IRC, is believed to be mediated by the HC-cone feedback
synapse. This is because IRC can be observed in rods and
cones separated by at least 260µm, and its waveform
resembles that (of opposite polarity) of the rod-elicited
horizontal cell (HC) IHC. The IRC-VCone relations are linear with
a positive slope and a reversal potential near ECl. A
glutamate-transporter-associated chloride channel blocker
TBOA suppresses IRC but not IHC. These results suggest that
IRC is mediated by HC depolarization via a sign-inverting
feedback chemical synapse associated with a chloride
conductance increase. IRC significantly reduced rod→cone
coupling in the frequency range below 15 Hz, allowing better
separation of rod and cone signals in the dark-adapted
retina. Since surround responses in cones are associated
with a conductance increase elicited by a HC
hyperpolarization, and IRC is associated with a conductance
increase elicited by a HC depolarization, the two HC-cone
feedback signals must be mediated by two different synaptic
mechanisms.
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TRABECULAR MESHWORK DYNAMIC RESPONSES TO
INTRAOCULAR PRESSURE TRANSIENTS MONITORED
BY PHASE SENSITIVE OPTICAL COHERENCE
TOMOGRAPHY IN EX VIVO PRIMATE EYES
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Purpose: To assess pulse-induced trabecular meshwork
(TM) movement using a newly developed phase sensitive
optical coherence tomography (PhS-OCT) system.
Methods: Five enucleated primate eyes were used with
IOPs controlled by a precise perfusion system. Stepwise
changes in IOP established at 5, 8, 15, 20, 30, 40, and 50
mm Hg. At each pressure, pulse amplitude of 3 mmHg with a
frequency of 1Hz was maintained while simultaneously
coupling pressure, pulse and OCT data acquisition through a
trigger device. Quantitative measurements of the parameters
related to the mechanical compliance of the TM are provided
in real time including TM-velocity, absolute TMdisplacement, TM strain rate, and SC deformation rate.
Results: We have developed a novel PhS-OCT system
capable of imaging microscopic tissue movement with
sensitivity at a sub-nanometer scale. The system imaged the
outflow system, including TM, SC and collector channels. In
all eyes, measurements demonstrated pulsatile TMdisplacement and SC-deformation synchronous with IOP
pulse transients as measured by an in-line pressure sensor.
TM displacement was greatest near SC endothelium,
gradually decreasing toward the anterior chamber. At a
mean value of 8 mmHg IOP, a pulse transient of 3 mmHg
induced a global TM displacement ranging from 0 to 4 µm.
With each increase of mean IOP, the absolute TMdisplacement and SC-deformation decreased almost linearly
until at 40 mmHg IOP displacement was no longer
detectable.
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FUNCTIONAL CONNECTIVITY IN THE DIRECTIONSELECTIVE CIRCUIT OF THE MAMMALIAN RETINA
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Starburst amacrine cells play a critical role in the generation
of directional selectivity in the retina. These cells use both
ACh and GABA as fast neurotransmitters and form an
intricate synaptic network that is considered one of the best
model systems for understanding neuronal connectivity and
computation. Recent electrophysiological studies in our lab
detected both nicotinic and GABAergic synaptic
transmissions between starburst amacrine cells and
direction-selective ganglion cells in the wholemount rabbit
retina. While the cholinergic and GABAergic transmissions
were both calcium-dependent, they were differentially
regulated and formed spatially distinct synaptic circuits.
Analysis of light-evoked synaptic currents revealed different
functional roles of cholinergic and GABAergic transmissions
in motion and direction detection. The physiological
properties and micro-connectivity of individual synapses
between starburst and direction-selective ganglion cells were
studied by a combination of dual patch-clamp recording, twophoton imaging, and focal UV photolysis and will be
discussed.

Conclusions: We have developed a non-invasive PhS-OCT
system capable of quantification of dynamic mechanical
compliance of TM tissues in real time. Using this system in
ex vivo primate eyes, we demonstrated TM-movement and
SC-deformation occurring in synchrony with transient IOP
changes with an amplitude and frequency like that
physiologically induced by the cardiac pulse in vivo.
Evidence of TM-displacement in response to physiologic IOP
transients suggests aqueous flows through TM tissues that
are continuously undergoing dynamic pulse-induced motion.
COI/Financial disclosure: Nothing to disclose
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only in transfected RGCs of CD3z+/+ mice suggests that
CD3z is intrinsically active. In summary, these results
strongly suggest that CD3z regulates RGC dendrites directly
through an intracellular mechanism.
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THE FUNCTION OF METABOTROPIC TAURINE IN THE
RETINAL NEURONS
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THE MORPHOLOGY AND CONNECTIVITY OF A
BISTRATIFIED AMACRINE CELL IN THE MOUSE RETINA

Taurine what is known as the most abundant free amino acid
in retinas plays a significant role in neurotransmission and
neuromodulation. A number of studies have showed that
taurine activates chloride permeable receptors that can be
blocked by the antagonists of GABA and glycine receptors.
Here we report a new action of taurine that is insensitive to
the antagonists of these chloride-permeable receptors; we
describe as a metabotropic taurine response. The effects of
metabotropic taurine selectively enhances the delayed+
rectifier K channels and suppresses dihydropyridine2+
sensitive Ca channels in Off-bipolar cells, as well as a
group of amacrine cells of amphibian retinas. We also find
that PKC and PKA pathways are involved in the metabotroic
+
2+
taurine regulation of voltage-gated K and Ca channels,
respectively. Pharmacological study suggests that 5-HT2
receptors, but not GABAB The metabotropic taurine effects in
the retinal neurons could have an important implication that
taurine might share an action of serotonin in modulation of
the retinal Off-pathway.

S.C.S. Lee, S. Haverkamp
Neuroanatomy, Max Planck Institute for Brain Research,
Frankfurt am Main, Germany
Amacrine cells are interneurons within the retina that provide
lateral interactions between cells in the inner plexiform layer
(IPL). There are at least 30 different types of amacrine cells
in the mammalian retina and they are broadly classified into
wide-field, medium-field, or narrow-field according to their
dendritic tree size. Here we describe the morphology,
connectivity, and the development of a type of narrow-field
glycinergic amacrine cell in the mouse retina, the A8
bistratified amacrine cell (BS-AC).
Individual BS-ACs were imaged from Thy1-GFP line O
(GFP-O) mouse retinas and dendritic morphology were
measured for each cell. The inner band stratifies in S4
sublamina of the IPL with an average dendritic field diameter
of 56mm. The dendrites of the outer band stratify in S1 and
have a larger average dendritic field diameter (65mm).
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To determine bipolar input to BS-ACs we used Thy1-GFP
line
O
(GFP-O)
mice
in
combination
with
immunohistochemical methods. Co-localization of CtBP2positive ribbon puncta within bipolar axons (labeled with
either anti-SYT2 for type 2 & 6 cone bipolar cells or antiPKCa for rod bipolar cells) that were also adjacent to BS-AC
dendrites were quantified. We found significant cone bipolar
input to both inner and outer bands. In contrast, we found no
significant input from rod bipolar axons into either band.
Glycinergic receptors were also labeled for BS-ACs to
determine potential postsynaptic partners. We found high
glycine receptor a1 co-localization at the outer band while an
equal distribution of glycine receptor a2 co-localization was
found between both inner and outer bands.

O480
IMMUNE MOLECULE CD3Z DIRECTLY REGULATES
RGC DENDRITIC STRUCTURE IN DEVELOPING RETINA
N. Tian, L. Jiang, P. Wang, W. Baehr
University of Utah, Salt Lake City, UT, USA
Emerging evidence suggests that immune proteins regulate
activity-dependent synapse formation in the central nervous
system (CNS). Mice with mutations in class I major
histocompatibility complex (MHCI) genes have incomplete
eye-specific segregation of retinal ganglion cell (RGC) axon
projections to the CNS. We recently found that a key
component of MHCI receptor (T-cell receptor, TCR), CD3z,
is expressed in RGCs and CD3z deficient mice have
reduced RGC dendritic motility, increased RGC dendritic
density and defected glutamate receptor-mediated synaptic
activity in the retina. However, it is not clear whether CD3z
regulates RGC dendrites directly or through alteration of
retinal synaptic activity. To address this question, we first
express CD3z in a small fraction of RGCs of CD3z-/- mice
and then examined the dendritic structure of transfected
RGCs. We found that the expression of CD3z in RGCs of
CD3z-/- mice significantly reduces the density of filopodia of
RGCs. However, RGCs of CD3z-/- mice not transfected by
CD3z in the same eyes have significantly higher density of
filopodia in comparison with WT mice but similar to RGCs of
CD3z-/- mice. Second, we knocked down CD3z expression
in RGCs of CD3z+/+ mice using CD3z specific shRNA and
examined the dendritic morphology of transfected RGCs.
The RGCs transfected with CD3z specific shRNA have
much increased density of filopodia while the nontransfected RGCs in the same eyes are not different from
that of non-treated CD3z+/+ mice. These results
demonstrated that (1) expression of CD3z protein in CD3z-/mice reversed the dendritic defects of transfected RGCs with
little effect on the neighboring non-transfected RGCs in the
same retina, (2) the effectiveness of CD3z-specific shRNA

In addition, we used Ier5-GFP mice, which express GFP in
BS-ACs across the retina, and injected single cells at various
developmental ages. This allowed us to describe the growth
of BS-ACs to their distinct bistratified morphology.
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HYPEROXIA THERAPY CAUSES REGRESSION OF
VITREOUS NEOVASCULARIZATION BY DOWNREGULATING THE VEGF/VEGFR-2 SURVIVAL
PATHWAY
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Retinal neovascularization (NV) is a sight-threatening
complication of ischemic retinopathies such as diabetic
retinopathy, retinopathy of prematurity (ROP) and retinal
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vein occlusion. Current treatment modalities include laser
photocoagulation and intraocular injections of VEGF
antagonists. Laser treatment causes tissue damage and
repeated intraocular injections of VEGF antagonists can
cause sight threatening endophthalmitis and may adversely
affect neuronal survival. Neither treatment promotes repair of
the damaged vessels. We studied the use of hyperoxia as
therapy for retinal vascular injury and vitreous NV mouse
using the mouse model for ROP. Neonatal mice were
exposed to hyperoxia to cause obliteration of the inner
retinal vessels followed by normoxia to cause vitreous NV.
Mice with established vitreous NV were then treated with
75% oxygen (HT) or intravitreal injections of VEGF trap or
selective VEGFR-2 blockers (VEGFR-2 siRNA, VEGFR-2
inhibitory peptide). HT selectively reduced NV tufts by 70%
within 24 hrs while sparing capillaries associated with
physiological repair of the intraretinal vasculature. HT
robustly increased levels of cleaved caspase-3 in the NV
tufts
by
18
hrs
and
was
associated
with
macrophage/microglial infiltration into the NV tufts. HTinduced apoptosis in the NV tufts was preceded by a
significant reduction in VEGFR2 expression in the retinal
vessels. Intravitreal injection of VEGF and VEGF-E
(VEGFR2 agonist) but not PlGF (VEGFR1 agonist)
prevented HT-induced apoptosis and regression of the NV
tufts. In contrast, intravitreal injections of VEGF trap or the
VEGFR2 blockers mimicked the effect of HT in regressing
the vitreous NV. However intravitreal VEGF trap induced
inflammation and impaired physiological repair of the
intraretinal vessels while HT did not have such unwanted
effects. These data indicate that HT may be clinically useful
to specifically treat vitreous NV without blocking
physiological vascular repair during ischemic retinopathy.

generating rod-specific Vhl knockdown mice. Artificial
activation of HIF transcription factors in normoxic
photoreceptors resulted in a transient protection of rods
against light damage. Part of the protection by hypoxic
preconditioning is the local production of protective factors
such as erythropoietin (Epo). With the help of photoreceptor, Müller glia- and pan-retina-specific knockdowns of Epo and
Epo receptor, we attempt to analyze the molecular
mechanisms induced by Epo in the retina, and the cellular
origin of EPO secretion. Additionally, the functions of Epo for
retinal physiological and pathological angiogenesis are
investigated.
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The normal function and survival of retinal cells is vulnerable
to deficiencies in oxygen delivery and retinal ischemia is
responsible for major causes of vision loss including
proliferative diabetic retinopathy (PDR). Adaptive tissue
responses that protect against ischemia by compensatory
changes in cellular metabolism and perfusion are mediated
by molecular oxygen-sensing mechanisms, including
stabilization of hypoxia-inducible transcription factors (HIFs)
that orchestrate the expression of downstream cytokines
including vascular endothelial growth factor (VEGF). The
impact of regional hypoperfusion on retinal ischemia and
neovascularization is well established. However, the extent
to which hypoxia and HIF are responsible for triggering
adaptive tissue responses, including pathological retinal
neovascularization, is not well defined.
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HYPOXIA-INDUCIBLE FACTORS IN RETINAL
ANGIOGENESIS AND NEUROPROTECTION
C. Caprara, C. Lange, C. Grimm

Using an oxygen-sensitive electrode during vitreo-retinal
surgery, we found significantly reduced oxygen levels in the
mid-vitreous of subjects with PDR. We identified increased
levels of HIF1a in the diabetic vitreous which correlated
strongly with increased levels of VEGF indicating that HIF1a
contributes to VEGF expression and disease progression.
Furthermore, we detected increased levels of the monocytechemoattractant protein in the diabetic vitreous indicating
that macrophages are implicated in the development of
PDR. Using a mouse model of retinal ischemia and
neovascularization, we found that retinal hypoxia and Hif1a
activation in the inner retina precedes the development of
retinal neovascularization. We found that macrophages
accumulate
in
areas
of
retinal
hypoxia
and
neovascularization and contribute substantially to their
development. Using a tissue specific knockout technology in
mice, we found that inactivation of Hif1a in myeloid cells
reduces the development of retinal neovascularisation by 5060% indicating that Hif1a-signalling in macrophages
contributes substantially to the development of retinal
neovascularisation.

Dept. Ophthalmology, University Hospital Zurich, Schlieren,
Switzerland
Central to the cellular response to reduced oxygenation are
hypoxia inducible factors (HIFs), transcription factors that
accumulate under hypoxic conditions and drive the
expression of a large variety of target genes involved in
angiogenesis, cell survival and metabolism.
Transient “physiological” periods of retinal tissue hypoxia
have been shown to promote and regulate retinal
angiogenesis. We investigated the contribution of HIFs for
retinal angiogenesis by generating both pan-retina specific
murine knockdowns of von Hippel Lindau (VHL) protein,
thereby stabilizing HIF-alpha proteins in the normoxic retina,
and pan-retina specific knockdowns of HIF1alpha. Normoxic
stabilization of HIF1alpha and HIF2alpha in Vhl knockdowns
was accompanied by persisting embryonic vasculature and
led to a severely abnormal mature vessel system. On the
other hand, knockdown of HIF1alpha affected normal
development of the retinal vasculature by preventing the
formation of the intermediate vascular plexus. These
observations suggest prominent roles for HIFs during
regression of the embryonic vasculature and development of
the retinal vasculature.

These data indicate that hypoxia-inducible transcription
factors mediate the angiogenic response to hypoxia and
contribute to neovascular eye disease and may therefore
present an attractive upstream target of VEGF to block the
cascade of angiogenic responses to hypoxia.

Tissue hypoxia has also demonstrated the capacity of the
retina to activate endogenous survival mechanisms against
photoreceptor apoptosis. Indeed, hypoxic preconditioning
protects
photoreceptors
from
light-induced
retinal
degeneration. We tested whether photoreceptor-specific
activation of HIFs in normoxia is sufficient for protection by
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THE INFLAMMATORY CIRCLE OF CHRONIC DRY EYE
DISEASE: ANTIGEN PRESENTING CELLS AND
AUTOREACTIVE LYMPHOCYTES

OPPORTUNITIES FOR HYPEROXIC TREATMENTS
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There are several clinically important situations in which the
retina may be hypoxic (e.g. diabetic retinopathy and AMD),
but where further understanding of retinal oxygen distribution
is needed. However, there are also situations that arise
acutely in which retinal hypoxia is well established. In the
adult retina, the most prominent are retinal detachment and
arterial and venous occlusions of the retinal circulation.
Detachments can often be repaired surgically, and natural
processes often allow recannulation of vessels after
occlusion. However, vision may not be restored completely
in either case, because of cell death during the hypoxic
period. If the problem is hypoxia, a natural solution would
seem to be treatment with hyperoxia, and animal
experiments and limited clinical evidence support such an
approach. However, no hyperoxic treatments are standard.
There are several reasons for this, including the fear of
oxygen toxicity, the variable and usually unknown time
between the initial insult and diagnosis, and the poor design
of previous trials. Our current knowledge of the special
properties of retinal metabolism, oxygenation, and circulation
suggests that one has much more time to intervene than in
similar hypoxic insults to the brain, and that the general
unavailability of hyperbaric chambers and concerns about
oxygen toxicity need not be limitations. Here I will propose
specific aspects of timing and oxygen levels for new trials of
hyperoxia in detachment and arterial occlusion that could
reveal a benefit. These ideas take advantage of several
streams of previous work on 1) the lack of effect of
detachment and retinal vascular occlusions on the choroidal
circulation, 2) the lack of blood flow regulation in the
choroidal circulation during hyperoxia and the small
choroidal oxygen extraction, 3) cellular protective
mechanisms innate to the retina, and 4) the small but real
reservoir of metabolic substrate in the vitreous.

Dry eye is a prevelant ocular surface disease defined by
localized inflammation and tissue destruction resulting in
ocular discomfort, fatigue and chronic pain accompanied by
blurred and fluctuating vision. Studies conducted over the
past twenty years led to belief that the signs and symptoms
of dry eye disease are the consequence of chronic
inflammation within the ocular surface tissues. Indeed,
recent evidence suggests that dry eye disease is a selfantigen driven autoimmune-based inflammatory disease.
During the initiation of desiccating stress (DS)-induced dry
eye acute cytokine production and dendritic cell activation
precedes autoreactive CD4+ T cell activation, and CD4+ T
cells isolated from these dry eye mice are sufficient to
mediate disease following adoptive transfer to T celldeficient nude recipient mice. However, CD4+ T cells
isolated from antigen presenting cell (APC)-depleted mice
exposed to DS are not pathogenic; CD4+ T cell infiltration
was markedly (p< 0.05) reduced (9.8±2.3) relative to controls
(58.3±12.6), which was associated with an attenuated
proinflammatory
cytokine/chemokine
response,
and
significant (p< 0.01) preservation of conjunctival goblet cells
(91.5±0.4 vs. 42.0±9.5) compared to APC-competent mice
exposed to DS. In addition to autoreactive T cells,
autoantibodies derived from self-reactive B cells also appear
to contribute to disease. Passive transfer of purified IgG from
dry eye mice yielded a significant (p< 0.05) increase in
inflammatory cell infiltration, comprised of predominantly of
Gr1+ neutrophils (52.4±11.2 vs. 21.9±5.7), and correlated
with reduced goblet cell numbers (49.6±7.6) compared to
mice receiving control IgG (78.4±4.3). Moveover,
complement-deficient mice receiving dry eye-specific serum
displayed a significant reduction in the overall inflammatory
burden, implying that autoantibody-mediated dry eye
disease is dependent on complement activation. Collectively,
these data further support the concept that dry eye is a
localized self-antigen-driven autoimmune disease.
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Changes in tissue O2 levels have been known to play a role
in the development or progression of retinal diseases, such
as diabetic retinopathy or retinal degenerations. Hyperoxia
believed to be responsible for the progression of retinitis
pigmentosa and the death of the otherwise healthy cones in
affected retinae. To understand the mechanisms behind
hyperoxia-induced retinal degeneration, we used adult
C57Bl mice that were placed in 75% O2 for up to 2 weeks.
Retinas were assessed for changes in tissue structure, gene
and protein levels. This paper will discuss our present
understanding of hyperoxia-induced retinal degeneration.
We will also discuss possible targeted treatment to reduce
the effects of hyperoxia in the outer retina.

ANIMAL DRY EYE MODELS
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Ophthalmology, Baylor College of Medicine, Allergan
Pharm., Houston, TX, USA
Animal dry eye models are used to study risk factors, natural
history, elucidate pathogenic mechanisms, molecular
mediators/pathways and to evaluate efficacy of therapeutic
candidates. A variety of animal species, including primate,
canine and rodent have been used. Mouse models have
become the most popular due to cost, availability of reagents
and gene knockout/transgenic strains. A number of mouse
strains (NOD,MRL/lpr,NZB/NZW F1, NFS/sld and CD25 KO)
develop spontaneous dacryoadenitis with features
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resembling the lacrimal gland pathology in Sjögren
syndrome (SS). Our group has developed an environmental
model that includes pharmacologic inhibition of tear
secretion and exposure to a drafty low humidity environment.
These mice develop features of moderate to severe human
dry eye including decreased tear production and clearance,
increased tear osmolarity, disrupted corneal barrier function,
goblet cell loss, ocular surface epithelial apoptosis and
generation of autoreactive CD4+ T cells that can adoptively
transfer disease to naïve immunodeficient recipients. The
disease in this model is modifiable by antiinflammatory/immunoregulatory therapy. Based on these
reports, spontaneous or environmental mouse models
appear to be the best option of preclinical screening of
therapies due to cost, similarity with human disease and the
array of molecular and immunological markers that are
available.

1.53±0.20) decreased significantly; significant increase in
tear EGF levels and a two-fold increase in tear MMP-9 was
observed.
Conclusions: Controlled environmental conditions can
worsen ocular surface signs not only in DED patients, but
also in healthy subjects. Activity of inflammatory molecules
also showed significant variations, suggesting that an
environmental chamber can be an interesting facility to
establish a more reliable setting for clinical trials.
COI/Financial disclosure: Nothing to disclose
O490
CONTROL AND RESOLUTION OF OCULAR
INFLAMMATION BY OMEGA-3 PUFA DERIVED
RESOLVINS
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A unique feature of resolvins as a novel class of mediators
that promote the controlled cessation of an inflammatory
response is the added protection of host tissue by
upregulating prosurvival and downregulating death
pathways. In many inflammatory conditions retaining barrier
integrity becomes a major therapeutic goal, but may only
partly be achieved by regulating the inflammatory response,
and is evident in dry eye disease with its loss of corneal
epithelial barrier integrity. The endogenous resolvin E1
(RvE1; derived from eicosapentaenoic acid) and a synthetic
analog, RX-10008, were investigated in translational models
of ocular surface inflammation and wound healing. In human
corneal epithelial cells (HCEC) a concentration dependent
reduction by up to 70% in the release of IL-6 and IL-8 were
seen in response to hyperosmolar stresses with an EC50
around 10 nM. The same drug concentration range also
stimulated wound closure in a HCEC scratch-wound assay,
with efficacy comparable to EGF. In mice exposed to
desiccating stress to induce hyperosmolararity, topical
treatment (eye drop concentration: 100-300 uM; 1-5 uL drop
size), whether prophylactic or therapeutic, prevented or
restored corneal barrier integrity measured either using
corneal staining (70-90% reduction), or counting cell density
in the superficial corneal epithelial layer (complete
restoration), and also completely prevented loss of
conjunctival goblet cells.. These protective effects where
associated with regulation of proinflammatory signals at
epithelial level, including Cox-2, TNF-alpha, IL-1-alpha, and
prevention of leukocyte migration into the cornea. In a model
of herpes simplex keratitis (drug treatment as in the murine
dry eye model) these observations were extended to
demonstrate effects not only on the early immune response
dominated by neutrophils (94 % reduction), but also a
profound regulation of T-cell responses (75 % reduction),
both Th1 and Th17, leading to marked attenuation of
keratitis, with only 6 % of RvE1 treated animals showing
severe lesions compared to 50 % for controls, and with the
extent of neovascularization similarly reduced. Based on the
experimental outcomes, RX-10008 was selected as a clinical
candidate for the treatment of dry eye. Data from the first
successful clinical study with a resolvin, performed in
patients with moderate dry eye, showing a dose dependent
reduction in both signs and symptoms of dry eye, will be
presented to indicate that a relevant path exists for
translational research in dry eye, that resolvins are
druggable and may offer a novel approach to the treatment
of inflammatory conditions.

CLINICAL AND INFLAMMATORY MOLECULAR
RESPONSE OF THE LACRIMAL FUNCTIONAL UNIT TO
CONTROLLED ENVIRONMENTAL CONDITIONS
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Purpose: To evaluate the variation in
tear inflammatory molecules in dry
patients and healthy controls after
controlled environment conditions
environmental chamber.

diagnostic tests and
eye disease (DED)
being exposed to
recreated in an

Methods: A total of 74 subjects were recruited: 19 controls
and 15 DED patients were evaluated under “standard
conditions” (45% relative humidity [RH], 930 mb of
barometric pressure), and 20 controls and 20 DED patients
were exposed to “adverse conditions” (5% RH, 750 mb,
similar to aircraft cabin pressure, and localized air flow). A
diagnostic test protocol, including inmmunobead-based
analysis (Luminex) of 15 inflammatory molecules in tears,
was performed before and after 2 hr of exposure. Results
were expressed as mean±SEM. U-Mann Whitney and
Kruskal Wallis tests were used for comparisons of
independent sample groups. To compare the two moments
of study, before and after exposure, Wilcoxon signed rank
and McNemar tests were used for quantitative variables and
for qualitative ones, respectively. Two-sided P-values ≤ 0.05
were considered statistically significant.
Results:
1) Standard conditions in the chamber provoked a significant
increase in global corneal staining (0.53±0.16 to 1.11±0.24)
and conjunctival hyperemia (0.89±0.09 to 1.47±0.12) in
healthy subjects. DED patients developed a significant
increase in central corneal staining (0.20±0.14 to 0.67±0.23)
and conjunctival hyperemia (0.93±0.14 to 1.33±0.13).
2) Adverse conditions in healthy subjects elicited a
significant increase in global corneal staining (0.70±0.15 to
1.70±0.18) and conjunctival hyperemia (1.28±0.13 to
1.58±0.12), and a significant decrease in T-BUT (3.53±0.43
to 2.08±0.26); RANTES and IL-6 tear values increased and
EGF tear values decreased significantly. DED patients
showed a significant increase in global corneal staining
(0.50±0.14 to 1.25±0.19) and conjunctival hyperemia
(1.10±0.11 to 1.43±0.11), whereas phenol red thread test
(20.95±1.53 to 16.75±1.34) and T-BUT (2.18±0.28 to
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Matrix Metalloproteinases (MMPs) are a family of zincdependent matrix degrading enzymes, involved in multiple
diseases, including fibrosis. In addition to their classical
function in extracellular matrix degradation, MMPs have also
been shown to regulate cell migration, invasion, and
epithelial-to-mesenchymal transition (EMT). Two types of
cataract involve the EMT of lens epithelial cells (LECs)
including anterior subcapsular cataract (ASC) and posterior
capsular opacification (PCO). Research from our laboratory
has shown that MMP-2/9 inhibitors suppress TGFβ-induced
ASC formation in an ex vivo lens model and this appears to
occur through prevention in the EMT of LECs. We have
further expanded these findings and shown that these
inhibitors can also prevent the EMT of LECs in a rat lens
explant model. Having identified MMP-2 and -9 as important
participants in the EMT of LECs, we are now exploring the
unique roles of these MMPs using MMP-2 and 9 knockout
mouse models. These results have thus far shown that, in
contrast to MMP-2, MMP-9 appears to be the more critical
mediator of EMT in mouse LEC explants following TGFβ
treatment. These results are in line with additional findings
demonstrating that while adenoviral delivery of TGFβ into the
anterior chamber results in ASC formation in MMP-2 KO
mice, MMP-9 KO mice appear to be resistant to EMT and
ASC formation following injection. New data regarding the
mechanism(s) by which MMP-9 controls signaling pathways
leading to the EMT of LECs will also be presented.
Supported by NIH 1R01 EY017146-06 (JWM).

TARGETING LYMPHOCYTE ACTIVATION AND MOBILITY
FOR THE TREATMENT OF DRY EYE
C. Semba
SARcode Bioscience, Inc., Brisbane, CA, USA
Background and aims: Chronic ocular surface
inflammatory processes of dry eye disease are mediated by
CD4+ lymphocytes (T-cells). Lifitegrast (SAR 1118) is an
investigational small molecule integrin antagonist that
inhibits lymphocyte function antigen-1 (LFA-1; CD11a/CD18;
αLβ2) and prevents binding of LFA-1 to intercellular
adhesion molecule-1 (ICAM-1; CD54). LFA-1/ICAM-1
binding forms the basis of the immunologic synapse
between antigen presenting cells (APC) and CD4+
lymphocytes and mediates T-cell trafficking/signaling.
Lifitegrast serves as an ICAM-1 decoy to block T-cell
activation, adhesion, migration, and cytokine release. The
goal of intervention with lifitegrast is to inhibit the chronic
cycle of T-cell activation/mobility and improve the signs and
symptoms of dry eye disease for patients. The purpose of
this presentation is to review the safety and efficacy of
lifitegrast ophthalmic solution compared to placebo (vehicle)
in a Phase 2 dry eye study.
Methods: The study was multicenter (5 sites, USA), doublemasked, placebo-controlled, parallel arm design and
conducted over 14 weeks. A total of 230 dry eye subjects
were selected with use of a controlled adverse environment
(CAE) and randomized 1:1:1:1 to receive lifitegrast (0.1, 1.0,
5.0%) or placebo eye drops twice daily (BID) for 84 days (12
weeks) following a 2 week open-label placebo run-in period.
Principle eligibility criteria included demonstration of
exacerbation in corneal staining and ocular symptoms at two
consecutive CAE exposures separated by 14 days, no active
lid margin disease, and Schirmer tear test (STT; mm/5 min)
> 1 and < 10. Ocular signs and symptoms (Ocular Surface
Disease Index, OSDI) were assessed at Day 14, 42, and 84.
No supplemental artificial tears were allowed at any time
during the study. Primary outcome measure was corneal
fluorescein staining (CS) at Day 84.
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POSTERIOR CAPSULE OPACIFICATION
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Posterior capsule opacification has a multifactorial
pathogenesis. PCO remains a significant clinical problem
particularly in young patients, eyes with comorbidity, in
developing countries or eyes with multifocal IOLs.
Improvements in IOL engineering can retard PCO
developement but have not cured the problem. A square
edge profile retards lens epithelial cell migration onto the
posterior capsule by creating a local pressure barrier where
the posterior IOL edge is pushed against the posterior
capsule.

Results: A dose-response for CS (P=0.0566) was observed
for lifitegrast at Day 84 compared to placebo. Mean change
from baseline to Day 84 showed significant improvements
(P< 0.05) in CS, total OSDI, and visual-related function OSDI
scores for lifitegrast compared to placebo; improvements in
tear production and symptoms were observed as early as
Day 14 (P< 0.05). Adverse events (AEs) were mild and
transient in nature with no serious ocular AEs. Lifitegrast
5.0% showed increased instillation site AEs relative to
placebo but were limited to the initial dose.

Using environmental scanning electron microscopy we have
examined the edge profile of IOLs in common usuage and
divised a method to quantify edge sharpness using image
analysis to measure the local radius of curvature between
the posterior surface and edge of the IOL. Hydrophobic
materials tend to have a better edge profile in comparison to
hydrophilic materials which may explain why these IOLs are
reported to get more PCO. IOL edge profile was correlated
against clinical PCO using the POCO system of image
analysis to quantify PCO. With this system we predict IOLs
with a local radius of curvature at the posterior edge of 19
microns or less reduce PCO. Clinical experience with
retroillumination imaging shows that the optic haptic junction
is an area of weakness with some IOL designs where the
edge barrier is deficient, allowing LEC migration onto the
posterior capsule. This can be prevented by engineering a
0
360 square edge barrier. These concepts are important in
improving current IOL design.

Conclusion: Lifitegrast ophthalmic solution demonstrated
improvements in signs and symptoms of dry eye compared
to placebo and appears safe when administered BID over 84
days. Confirmatory Phase 3 studies are on-going.
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and capsular wrinkling. In contrast, “pearl-type” PCO has
been recognized as the differentiation of LECs to fiber-like
cells, presumably as an attempt to regenerate the “injured”
lens. We have developed an experimental model of PCO in
mice that exhibits the many of the molecular features of
PCO. Following fiber cell removal, the remaining LECs
quickly begin to proliferate and migrate along the lens
capsule exhibiting expression of the EMT marker, a-smooth
muscle actin within 48 hours of surgery. By five days post
surgery, a population of these cells are negative for EMT
markers and instead robustly express lens fiber cell markers
such as cMaf and Prox1. We also observed that aalphaVintegrins are upregulated coincident with the expression of
EMT markers and deletion of alphaV-integrin from the lens
greatly attenuates the EMT response while not affecting the
differentiation of lens fiber cells following cataract surgery.
These data point to the possibility that discrete molecular
mechanisms control fibrotic versus “pearl type” PCO.
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Histamine is associated with intraocular inflammation and
levels are likely to increase following trauma to the human
lens, such as cataract surgery. The aim of the study was
therefore to determine if histamine could play a role in
Posterior capsule opacification. To determine histamine
receptor gene expression in the native human lens and the
human lens cell line FHL 124 gene array data was analysed.
These data showed that H1-receptor sub type is dominant in
both cases. Calcium signalling was investigated through
imaging of FURA-2 loaded FHL124 cells. Addition of
histamine produced a dose-dependent increase in
intracellular calcium. MAPK signalling levels were assessed
using the BIOPLEX suspended bead array system. 100µΜ
histamine induced significant elevation of phosphorylated
ERK and P38. Histamine releasing factor (HRF) was
detected by western blot. HRF was detected in FHL124 cells
and release was stimulated by oxidative stress induced with
H2O2 (30 µM), and by application of histamine (100µM).
Addition of histamine (≥30µM) significantly stimulated
3
FHL124 cell growth detected by H-thymidine incorporation.
The rate of coverage of the posterior capsule in capsular
bags was also determined and found to be accelerated by
≥10µM histamine. Histamine (100µM) significantly increased
release of IL-6 and IL-8, which was determined using the
BIOPLEX suspended bead array system. Neither IL-6 nor IL8 induced calcium mobilisation. IL-8 significantly increased
levels of phosphorylated-ERK, while IL-6 significantly
increased
levels
of
phosphorylated-ERK
and
phosphorylated-p38 in FHL124 cells. In conclusion, cataract
surgery is likely to promote increased histamine levels in the
eye. HRF release from lens cells is likely to enhance
histamine availability to the lens. Multiple signalling
pathways are triggered by histamine that are likely to
mediate increased cell growth. Histamine therefore is a
putative promoter of PCO progression.
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Posterior capsule opacification (PCO) degrades visual
function not only by reducing visual acuity, but also by
increasing intraocular light-scatter. We used an in-vitro
model to elucidate the effect of PCO-morphology on lightscatter and the functional aspect of light-scatter, as can be
measured in the clinical setting by means of the C-Quant
straylight meter.
Capsular bags were isolated from pseudophakic human
donor bulbi. Using a goniometer setup and a camera,
forward PCO-scatter was recorded. The camera position
mimicked the anatomical position of the retinal
photoreceptors; the camera recorded the scattered light that
the photoreceptors would sense in an in-vivo situation.
Scattered light was recorded at different wavelengths and
scatter-angles (θ> 1°), which were divided into a near (θ≤ 7°)
and far (θ> 7°) large-angle domain. The camera used the
scattered light to produce grayscale images of the PCO.
Scatter intensities were interpreted in terms of straylight as
part of the point-spread function of the normal eye.
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Depending on morphology and severity, PCO-scatter could
differ considerably in intensity. The scatter-intensity of PCO
and the normal eye can also differ substantially, whereas
their angular dependence is approximately the same. PCOscatter has the type of wavelength dependence that is
normal for small particles: monotonically decreasing with
increasing wavelength. This changed somewhat at the near
large-angle domain, where the angular and wavelength
characteristics of PCO-scatter differed slightly from those of
the normal eye.
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CAPSULAR OPACIFICATION
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Surprisingly, the angular dependence of PCO-scatter is
comparable to that in the normal eye, suggesting similar
underlying scattering processes. Apart from scatter, the data
demonstrate that PCO has a refractile component, which
dominates at the near large-angle domain and is most
pronounced in pearl-type PCO.

2

Department of Biological Sciences, Biological Sciences,
University of Delaware, Newark, DE, USA
The currently preferred method for cataract surgery removes
the lens fiber cells and central lens epithelium but leaves
most of the lens capsule behind to hold a replacement
intraocular lens. However, since it is not possible to remove
all lens epithelial cells (LECs) during this procedure, they
often proliferate and migrate into the visual axis leading to
posterior capsular opacification (PCO). Notably, two types of
PCO are recognized clinically. Fibrotic PCO is caused by the
epithelial to mesenchymal transition (EMT) of LECs which
leads to the deposition of fibrotic extracellular matrix (ECM)

COI/Financial disclosure: the Royal Academy owns a
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Methods: We have adapted a proven implantable telemetric
pressure transducer system to monitor IOP by integrating
the transducer into a orbital wall-mounted baseplate that is
connected to the anterior chamber via a silicone tube. The
total implant system is surgically implanted and all
components are internal to the animal. The implanted
transmitter sends 500 IOP, ECG and body temperature
measurements per second to an external antenna, and the
system compensates for barometric pressure in real time.
The continuous IOP signal was calibrated every two weeks
for drift, filtered for noise/dropout, then averaged using a
time window averaging technique for nineteen, eighteen, and
four 24-hour periods in three non-human primates,
respectively. Those data were then statistically analyzed for
a nycthemeral pattern within each animal.
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NOVEL PARADIGMS OF WOUND REPAIR IN A LENS
INJURY MODEL
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Using mock cataract surgery as an ex vivo wound model we
were able to investigate the response of an epithelium to
injury within its native microenvironment, which revealed
previously unappreciated dynamic differences between the
junctions in these cells' apical and basal domains. These
differences made possible the collective migration of the
epithelium following wounding by providing it with the ability
to maintain its integrity as it moved as a sheet to repopulate
the wounded area. At the apicolateral borders junctions
containing N-cadherin, ZO-1, and myosin IIA, linked to a
cortical actin cytoskeleton, created a continuous cell-cell
contact zone that integrated the entire epithelial sheet. This
apical junctional complex remained uncompromised in
response to injury providing a stabile linkage between the
cells that defined their collectivity. The positioning of these
apical junctions was dependent on myosin II activity and the
overall apical/basal structural polarity of the epithelium. In
the absence of myosin II activity the cells flattened and
attained a front-to-back polarity more typical of individuallymigrating cells. The changes induced by blocking myosin II
activity resulted in a greatly increased rate of migration, but a
less coordinated movement of the epithelial cells. N-cadherin
and ZO-1 also formed a previously undescribed cell-cell
junctional type at the basal aspects of these migrating
epithelial cells that connected the cryptic lamellipodia at their
basal forward moving edge to the cells moving just ahead of
them, linked to actin stress fibers. Their morphology was
unusual for a cell-cell junction, appearing as a focal
adhesion plaque and consistent with the requirements of
highly migratory cells that need to move as a collective
sheet. These unusual junctions are likely to have functions
beyond the adhesive, providing essential cues and signals
between the migrating cells and as mechanosensors that
direct the polarized directional movement of the sheet.
These results provide a new view of the distinct apical/basal
functions for adhesive junctions during the collective
migration of an epithelium in response to wounding.

Results: IOP fluctuates as much as 10 mmHg day-to-day
and hour-to-hour, and up to 25 mmHg second-to-second,
when measured continuously via telemetry in unrestrained,
awake nonhuman primates. Preliminary data suggests that
high frequency IOP fluctuations are primarily due to blinks
and saccades, and can also be induced by physiologic
stress. 10-minute time window averaging for a 24-hour
period shows that IOP fluctuates from 7-14 mmHg during the
day, and those changes occur frequently and quickly. 2-hr
time window averages for multiple 24-hour periods in 3
animals show that IOP follows no particular nycthemeral
rhythm.
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Conclusions: We have successfully measured IOP
continuously using a new, fully implantable IOP telemetry
system that has demonstrated high accuracy and low drift (<
3 mmHg/mo). IOP fluctuates tremendously in the non-human
primate, which agrees with the most recent human studies
on 24-hr IOP variation and indicates that snapshot IOP
measurements may be inadequate to capture the true
dynamic character of IOP. In addition, IOP fluctuations of
this magnitude could be an important yet unknown
contributor to IOP-related glaucomatous damage.

INTRAOCULAR PRESSURE MEASUREMENT IN
PRIMATES BY TELEMETRY - DOES THIS MODEL
PROVIDE A BETTER UNDERSTANDING OF
INTRAOCULAR PRESSURE?
1

2
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of Ophthalmology, London, UK, RTOP Consulting, Colorado
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Aims: To determine the true nature of intraocular pressure
at multiple timescales using continuous telemetry in the
nonhuman primate.
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MEASUREMENT OF EPISCLERAL VENOUS PRESSURE
IN HUMANS

INTRAOCULAR PRESSURE IN HUMANS BY
TELEMETRY - WHAT REALLY HAPPENS TO
INTRAOCULAR PRESSURE BETWEEN TONOMETRIC
MEASUREMENTS?

J.W. McLaren, N. Arora, A.J. Sit
Ophthalmology, Mayo Clinic, Rochester, MN, USA
Accurate measurement of episcleral venous pressure (EVP)
is critical for understanding intraocular pressure (IOP)
variations in glaucoma, for exploring pharmacologic
interventions to reduce intraocular pressure in glaucoma
therapy, and for determining non-conventional outflow.
Measurement of EVP in humans requires determining the
externally-applied pressure that collapses an episcleral vein.
However, judgment of the endpoint of venous collapse is
subjective. We recently developed an automated episcleral
venomanometer that reduces the subjectivity of EVP
measurement. This device applies increasing pressure to an
episcleral vein at a constant rate and records a video
sequence of the collapsing vein. Changes in vessel
brightness and width during its collapse are measured by
using image processing methods, and EVP is estimated by
identifying, by back-projection, the video frame and pressure
associated with the first change in vessel patency.

K. Mansouri
Hamilton Glaucoma Center, University of California, San
Diego, La Jolla, CA, USA
The availability of ambulatory continuous 24-h IOP
monitoring devices is an important unmet need in glaucoma.
Recent innovations in temporary and permanent
technologies for 24-h IOP monitoring are now being
introduced into clinical practice. While they seem to confirm
previous insights into nighttime IOP changes gained in the
controlled environment of the sleep laboratory, they offer a
wealth of other information on IOP behavior that may lead to
a paradigm shift in the management of glaucoma patients.
This talk will focus on technologies that have been used in
humans.
COI/Financial disclosure: Sensimed AG, Switzerland

EVP was determined in 77 normal participants, 52 female
and 25 male, with an age range of 19 to 81 years (49 ± 20
years, mean ± SD). Mean EVP was 7.1 ± 2.0 mmHg and 6.9
± 2.0 mmHg in right and left eyes respectively. The mean
difference between eyes was 0.2 ± 2.5 mmHg (p=0.50,
paired t-test). EVP was not correlated with subject age
(p>0.14) and was not different between males and females
(p>0.15). In a subset of 13 subjects, EVP in one eye
increased by 1.4 ± 0.9 mmHg when subjects changed from a
sitting to supine position (p< 0.001), while IOP increased by
1.9 ± 1.0 mmHg (p< 0.001). In a subset of 40 eyes of 40
subjects, EVP was correlated with mean arterial blood
pressure (r=0.45, p=0.003). These measurements provide a
basis for planning future studies of aqueous humor dynamics
that require knowledge of EVP.

O500
MODULATION OF EPISCLERAL VENOUS PRESSURE ARE EPISCLERAL VEINS A TARGET FOR GLAUCOMA
TREATMENT?
J.W. Kiel, W.J. Lavery
Ophthalmology, UTHSCSA, San Antonio, TX, USA
The vascular organization and innervation of the episcleral
circulation suggest regulatory ability, possibly to control
episcleral venous pressure (EVP), but the feedback loop, set
point and function are unknown. One often occurring
regulatory challenge is the volume and pressure shifts that
happen during posture change. In healthy subjects, the EVP
and IOP responses to posture change are smaller than
would be expected from the hydrostatic column effect,
supporting the hypothesis of active episcleral regulation.
Whether failure of this system contributes to ocular
hypertension and IOP lability is unknown; also unknown is
whether the system can be manipulated therapeutically for
glaucoma patients. To gain insight into these unknowns, we
study episcleral regulation in animal models. For this
experiment, the following variables were measured in
pentobarbital anesthetized rabbits: mean arterial pressure,
intraocular pressure (IOP) and orbital venous pressure
(OVP) by direct cannulation; carotid blood flow by transit
time ultrasound, heart rate by a digital cardiotachometer, and
EVP by micropipette penetration with a servo-null
micropressure system. Responses to head-down and headup posture change were recorded and the effects of
autonomic neurotransmitter antagonists assessed in the
head-down position. IOP, EVP, and OVP significantly
increased during head-down tilt (n=43) and decreased
during head-up tilt (n=7) by approximately 2 mmHg for both
conditions; the passive hydrostatic column changed by 5
mmHg from baseline for both conditions. The results are
consistent with the hypothesis that EVP is regulated. Neither
atropine nor timolol caused further increases in EVP during
head-down tilt, suggesting the classic arms of the autonomic
nervous system are not involved. Other candidate
neurotransmitters are under investigation.

COI/Financial disclosure: Support: The American Health
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THE DARK SIDE OF THE MOON: THE ROLE OF CSF
PRESSURE IN GLAUCOMA
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Recently numerous studies have collected data showing that
cerebrospinal fluid pressure may play an important role in
the pathogenesis of glaucoma. The lamina cribrosa is a
critical structure that separates the intraocular space from
the subarachnoid space. These two spaces are
characterized by intraocular pressure and cerebrospinal fluid
pressure respectively. When a difference in these two
pressures is present, a pressure gradient occurs across the
lamina cribrosa. This can occur in the setting of an elevated
intraocular pressure or a decreased CSF pressure. We have
hypothesized that this pressure difference may be a
fundamental cause of glaucoma. Retrospective and
prospective studies have demonstrated that a low
cerebrospinal fluid pressure is more common in primary
open-angle glaucoma and normal-tension glaucoma while
an elevated (and potentially protective) CSF pressure is
present in ocular hypertension. Other recent findings have

Support Acknowledgement: NIH 009702 and the American
Health Assistance Foundation
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demonstrated that CSF pressure decreases with age,
coinciding with an increased incidence of glaucoma with
age. Other studies have shown that elevated BMI, which can
be protective of glaucoma, corresponds with an increase in
cerebrospinal fluid pressure. If continued data shows that
CSF pressure is an important factor in the development of
glaucoma, new therapeutic targets and diagnostic criteria
may emerge. Our discussion will focus on the data that has
been collected regarding the CSF pressure and its role in
glaucoma.

Background and purpose: Müller cells are the principal
glial cells of the retina. Similar as the astrocytes in the brain,
they constitute an anatomical and functional link between
retinal neurons and blood vessels, and support the neurons
by providing neurotrophic factors and blood-derived nutrients
and by removing metabolic waste. Müller cells are
responsible for the maintenance of the homeostasis of the
retinal extracellular milieu (ions, water, neurotransmitter
molecules, and pH). They are involved in the control of
angiogenesis, and in retinal blood flow regulation. Failure of
their functions must thus cause severe impairment of the
retina.

COI/Financial disclosure: Nothing to disclose

Method: Various models of experimental retinal
degeneration in the rat and pig are investigated, by applying
electrophysiology, imaging methods, and immunostaining.
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METABOLIC PROFILING OF REACTIVE MÜLLER GLIA

Results: In all cases studied, retinal degeneration caused
Müller cell gliosis which was associated with a down+
regulation and redistribution of K channels and a decrease
+
of the K conductance. Gliotic Müller cells - but not normal
control Müller cells - displayed swelling under hypoosmotic
conditions, and underwent proliferative activity whereas their
regular neuro-supportive functions failed.

F. Vazquez-Chona, W.D. Ferrell, A. Lolofie, E.M. Levine,
B.W. Jones, R.E. Marc
Moran Eye Center, University of Utah, Salt Lake City, UT,
USA
Purpose: Mammalian glia display neuroprotective and
detrimental
phenotypes
during
chronic
or
acute
degeneration. To define the conditions that push glia into a
detrimental pathway we are investigating metabolic
relationships between retinal Müller glia and photoreceptors
in models of reactive gliosis (genetically or stress-induced).

+

Conclusions: The decrease in K conductance may be a
key event in Müller cell gliosis, triggering a severe (further)
impairment of neuronal function and survival.
COI/Financial disclosure: Nothing to disclose

Methods: We visualized and quantified metabolic
relationships by integrating N-dimensional metabolic profiling
(Computational Molecular Phenotyping, CMP), tissue-wide
electron microscopy, classic glial proteome profiling, and
proliferation/apoptosis assays. We are using mouse models
of light-induced retinal damage (LIRD), as well as an
inducible model of proliferative reactive gliosis mediated by
the genetic inactivation of the cell cycle inhibitor p27Kip1.

O505
MÜLLER GLIA AS A BARRIER TO PHOTORECEPTOR
TRANSPLANTATION
R.R. Ali, U. Lumann
Institute of Ophthalmology, University College London,
London, UK

Results: CMP visualized the metabolic response of
thousands of individual Müller glia and photoreceptors while
preserving tissue context. In early stages LIRD, glial
processes surrounding stressed photoreceptors displayed
enhanced metabolic signals for glutamate metabolism,
osmoregulation, anti-oxidative pathways and retinoid
metabolism [Marc et al., Mol Vis 2008]. In the p27
conditional knock-out, Müller glial GFAP upregulation,
proliferation and migration did not alter glial metabolic profile,
neuronal responsivity or visual function [Vazquez et al., BMC
Neuros 2011].

Retinal degenerations leading to loss of photoreceptors are
a major cause of untreatable blindness in the UK. Inherited
retinal dystrophies affect 1 in 3,000 of the population, and
age-related macular degeneration (AMD) affects 1 in 10
people over 60 yrs. Currently no treatments restore lost
photoreceptor cells and visual function and thus there is a
need for new therapeutic approaches. As new
photoreceptors need only make short, single synaptic
connections to the inner retinal circuitry to contribute to
visual
function,
retinal
repair
by
photoreceptor
transplantation represents one of the most feasible types of
CNS repair. We have previously discovered that
transplantation of photoreceptor precursor cells at a specific
stage of development results in their integration and
subsequent differentiation into photoreceptors in the adult
mouse retina (Maclaren et al Nature 2006). We have
subsequently improved substantially the efficiency of
transplantation and are now able to demonstrate
improvements in vision following transplantation of rod
precursors in adult mice with visual deficits (in press). In this
talk I will focus on the various, important ways in which
Müller glia affect the integration of transplanted
photoreceptor cells.

Conclusion: Our work suggests that the metabolic response
of reactive Müller glia assists metabolically stressed or
challenged photoreceptors during the early stages of
degeneration. Moreover, moderate and transient levels of
proliferative reactive gliosis are compatible with glial
metabolism and neuronal function. The power of CMP to
integrate small molecular and protein signals revealing cell
regulation, metabolism, energetics and proteomic responses
with high spatial resolution is paving the way to discover how
glial transformations can be modulated to confer
neuroprotection, neurogenesis and degeneration.
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RETINAL MÜLLER GLIAL CELLS: PHYSIOLOGICAL
BASICS RELATED TO PATHOLOGY
A. Reichenbach
Paul Flechsig Institute of Brain Research, Leipzig University,
Leipzig, Germany
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mice. In addition, BDNF failed to stimulate Müller glial cell
proliferation and conversion to photoreceptors. These results
demonstrate that BDNF signalling in Müller glia has
important roles in neural protection of RGCs and
photoreceptors, and regeneration.

O506
PHARMACOLOGICAL MODULATION OF REACTIVE
MUELLER GLIA

Glutamate/aspartate transporter (GLAST) is a major
glutamate transporter located in Müller glia, and the loss of
GLAST leads to optic nerve degeneration similar to normal
tension glaucoma (NTG). In GLAST KO mice, glutamate
neurotoxicity and oxidative stress induce RGC death.
Apoptosis signal-regulating kinase 1 (ASK1) is an
evolutionarily conserved mitogen-activated protein kinase
(MAPK) kinase kinase and has an important role in stressinduced RGC apoptosis. In GLAST:ASK1 double KO mice,
ASK1 deficiency protected against degeneration of RGCs
and the optic nerve. Tumor necrosis factor (TNF)-induced
production of inducible nitric oxide synthase was suppressed
in ASK1-deficient Müller glia. In addition, TNF-induced cell
death was suppressed in ASK1-deficient RGCs. Our findings
suggest that interrupting ASK1-dependent pathways in both
RGCs and Müller glia could be beneficial in the treatment of
glaucoma, including NTG.

S.K. Fisher, G. Luna, G.P. Lewis
Neuroscience Research Institute, University of California,
Santa Barbara, CA, USA
Background and aims: Intraretinal scarring (proliferative
vitreoretinopathy/subretinal fibrosis; PVR) is a serious cause
of blindness involving the reactivity of Müller cells (MC).
There is much interest in finding pharmacological agents that
will either control or prevent this group of diseases. We have
investigated several pharmacolgical agents that work
through different biological mechanisms for their
effectiveness at modulating the reactivity of MC in an animal
model of retinal detachment in which PVR is reliably
produced.
Methods: The general design for all experiments was the
same. Controlled retinal detachments were created in 1 eye
of rabbits. The drug under investigation was injected either
at the time of detachment or shortly thereafter. BrdU was
injected into the eye 4 h before sacrifice on day 3 (the peak
of MC proliferation after retinal detachment) as a means of
quantifying MC proliferation. Scarring was evaluated in antivimentin immunolabeled confocal microscope images.

Taken together, reactive Müller glia can be a friend or foe
according to the pathological condition, and the modification
of Müller glia activity may lead to a future treatment for
retinal degenerative disorders.
COI/Financial disclosure: Nothing to disclose

Results: Triamcinalone, an anti-inflammatory steroid;
alkyphosphocholines, inhibitors of PKC ; Palomid 529
(Paloma Pharmaceuticals), an inhibitor of the Akt/mTOR
pathway; JSM 6427 (Jerini A.G.), an a5b1 integrin
antagonist, and a compound based on the action of
pentraxin 2 (Promedior) were all effective to varying degrees
on inhibiting the proliferation and/or hypertrophy of MC, and
thus on PVR formation in our model.
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RETINA REGENERATES, IF AGE PERMITS?
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Conclusions: Based on our results there are probably many
pathways that can be targeted to prevent MC reactivity after
retinal injury or in diseases of the eye. These data eventually
may provide insights into the mechanisms underlying
different components of glial cell reactivity (proliferation,
migration, hypertrophy, etc). The clinical usefulness of such
compounds will depend upon many factors including their
effectiveness in the human eye, the length of time over
which they are effective, their rate of clearance from the eye
and a lack of toxic effects.

In adult mammals spontaneous retina regeneration is absent
and in species like fish and birds Müller glia cells dedifferentiate into progenitor-like cells and regenerate up to all
types and numbers of retinal neurons. Recent studies
showed that in mammalian retina a regenerative program
could be reactivated in vitro and in vivo. We investigated in
detail that after retinogenesis is complete the still young
Muller glia de-differentiate and re-enter the cell cycle at
higher numbers compared to the adult retina. Here we
suggest that in postmitotic Müller glia developmental
mechanisms establish roadblocks to the regenerative
program. Interestingly, conditional transgene expression of
SV40 in mouse retina ex vivo overcomes some of the
restriction of Müller glia proliferation. We seek to find out
whether age-related mechanisms restrict regeneration to a
gliotic response.
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NEUROGLIAL INTERACTIONS DURING
NEUROPROTECTION AND DEGENERATION
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Müller glia have recently attracted considerable attention
both as mediators of neural cell survival and neural
degeneration. To further elucidate the role of Müller glia in
GFAP
c-kit
and TrkB
neural cell survival, we generated TrkB
knockout (KO) mice in which TrkB, a receptor for brainderived neurotrophic factor (BDNF), is deleted in Müller glia
or retinal ganglion cells (RGCs), respectively. We show that
the extent of glutamate-induced RGC death was similar in
these two mutant mice. BDNF did not increase the
production of secondary trophic factors in Müller glia and
GFAP
KO
failed to prevent photoreceptor degeneration in TrkB

NON-INVASIVE RETINAL OXIMETRY
S.H. Hardarson
Ophthalmology, Landspítali / University of Iceland,
Reykjavik, Iceland
Disturbances in ocular blood flow and / or oxygenation are
believed to be involved in several ocular diseases, such as
retinal vessel occlusions, diabetic retinopathy, retinopathy of
prematurity,
glaucoma
and
age-related
macular
degeneration.
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critical retinal compartments and promise to provide „hard
data“ for risk classification and progression analyses.

Non-invasive retinal oximetry utilises the colour of blood to
estimate haemoglobin oxygen saturation in retinal vessels.
Non-invasive retinal oximeters are based on fundus cameras
or other retinal imaging devices. The key to successful
oximetry is the simultaneous capture of retinal images at two
or more wavelengths of light.

But how can clinicians adopt these possibilities into their
clinical routine?
Does better resolution and image quality really change our
perspective in treating diseases like age related macular
degeneration in daily practice ? And if so, which type of
possible consequences can we expect ?

Results so far indicate that retinal vessel oxygen saturation
is (1) decreased in central retinal vein occlusion, (2) variable
in branch retinal vein occlusion, (3) increased in diabetic
retinopathy and (4) increased in glaucoma.

In this talk the author gives an overview over recent
developements in OCT technology and tries to elucidate
technical possibilities and clinical importance of these
developements from a clinicans point of view.

Ongoing technical development and further studies with
existing and future retinal oximeters aim at further
elucidating the role of disturbances in retinal oxygenation in
several diseases.
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MEASUREMENT OF MACULAR PIGMENT DENSITY NEW PERSPECTIVES
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RETINAL VESSEL ANALYSIS - A NEW METHOD FOR
RISK STRATIFICATION
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This talk will present the results of the prospective Muenster
Aging and Retina Study (MARS) on measurements of
macular pigment optical density (MPOD) in subjects with
early age-related macular degeneration and healthy controls
using dual-wavelength analysis of autofluorescence images.
These results will be discussed in light of the current
literature on different techniques for measuring MPOD.

The regulation of vascular tone in the human retina is based
on a complex interaction between local, systemic and neural
components. The development of new and sophisticated
methods allows now for the precise imaging of retinal
vessels and associated structures. As such, we have
learned in the recent years that changes of the retinal
vascular system may also serve as an indicator for a couple
of ocular and systemic vascular related disorders and their
associated risks factors. As a part of these regulation
systems, it has been shown that the retinal circulation has
the ability to adapt its blood flow to increasing metabolic
demands caused by augmented neural activity. There is
increasing evidence now, that not only basal vascular tone is
important to preserve physiological function, but also the
ability of the vascular system to adapt to changes in
metabolic demands and that these mechanisms may be
corrupted in several systemic and ocular diseases. This talk
aims to summarize our knowledge about retinal analysis as
a new tool for risk stratification of systemic and ocular
diseases.
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FUNCTIONAL OCT: DOPPLER MEASUREMENT OF
RETINAL BLOOD FLOW
1

2

2

2

R.M. Werkmeister , R. Told , S. Palkovits , G. Garhöfer , L.
1
Schmetterer
1

Center for Medical Physics and Biomedical Engineering,
Department of Clinical Pharmacology, Medical University of
Vienna, Vienna, Austria
2

We present dual-beam bidirectional Fourier domain Doppler
optical coherence tomography (FD-ODT) measurements of
absolute blood flow velocities in the human retina. In
combination with vessel diameter extractions by means of
the Dynamic Retinal Vessel Analyzer (DVA, Imedos,
Germany) this allows for absolute volumetric blood flow
estimation.
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CLINICAL IMAGING OF RETINAL AND
PIGMENTEPITHELIAL DISEASE USING CURRENT OCT
TECHNOLOGY - POSSIBILITIES, IMPLICATIONS AND
PERSPECTIVES

Several attempts have been made to overcome the problem
of the a priori unknown Doppler angle when measurements
are performed retinal vessel. In our approach the sample is
illuminated by two probe beams separated by a known angle
at the ocular fundus. Measurement of a velocity vector lying
in the hereby spanned detection plane is independent of the
Doppler angle.

C. Ahlers
Augenärzte Walsrode, Walsrode, Germany
Since its introduction to ophthalmology optical coherence
tomography (OCT) helped to improve our understanding
especially of the formerly missing third dimension in retinaland pigmentepithelial disease.

We investigated retinal venous blood flow before and during
various external stimuli, e.g. 100% Oxygen breathing and
visible flicker stimulation, and demonstrate the ability of dualbeam FD-ODT to quantify retinal perfusion and perfusion
changes with high validity and free of artifacts due to sample
movement.

Recent approaches and developements in OCT technology
enable current OCT systems to image pathologic changes in
these structures with greater detail and depth resolution than
ever before. Moreover, automatic segmentation modules
allow users to obtain numerical and objective data from

COI/Financial disclosure: Nothing to disclose
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human proteins involved in aggregation or condensation
diseases.

PROTEIN-PROTEIN INTERACTIONS IN THE LENS

Human GOI (genes of interest) cDNAs were cloned into
Invitrogen Gateway Tol2 destination vectors downstream of
the alpha-A crystallin promoter (Kurita R, et al. Dev Biol
(2003) 255:113) and in frame with yellow fluorescent protein
(YFP). For initial studies of GOI-YFP fusion proteins in zebra
fish lens, human alphaB and betaB crystallin-YFP were
selected with YFP alone as control. Human amyloid beta
(Abeta 42) protein was selected as an amyloid disease GOI.
DNA constructs for human alphaB and betaB crystallin-YFP,
Abeta 42-YFP, YFP alone, were injected into fertilized wildtype zebrafish oocytes. At three or four days post-fertilization
(dpf), the lenses of developing zebrafish were imaged using
fluorescence microscopy. Dynamic light scattering
spectroscopy measured the correlation function of zebra fish
lens. Temporal expression of proteins was characterized.

A. Tardieu
CNRS, Paris, France
Thirty years ago, Mireille Delaye was a bright young woman,
just returned from a post-doc at MIT, in the laboratory of Pr
Benedek. She knew optics, light scattering and cold cataract,
and wanted to understand eye lens transparency. At Gif-surYvette, I was using small angle X-ray scattering (SAXS) to
analyse various biological complexes in solution and my
interest was in the newly opened synchrotron radiation
facility at Orsay. When Mireille came to me, asking for a
collaboration on the eye lens, I had not the slightest idea of
what could be done with SAXS on such an awful mixture of
membranes and proteins of various kinds. However, Mireille
was so enthusiastic that I said : yes. It soon appeared that
we had the complementary skills required to make the link
between macroscopic optical properties and local
organisation, or “short-range order”, of the lens crystallins.
Repulsive protein-protein interactions “at a distance”, were
responsible for lens transparency, attractive ones for cold
cataract.

The expression pattern was unique to the expression of
each GOI-YFP fusion construct. AlphaB and betaB
crystallins were expressed uniformly in concentric layers.
Abeta 42 was expressed in discrete foci within the lens. In
some cases, the foci were organized in distinct wedges
oriented anterior to posterior following the arrangement of
lens fibers in the zebra fish lens. DLS from lenses in the
living zebra fish were similar to mouse. Protein expression
with age in the zebra fish lens resembles the mouse.

Ironically, the major spin-off of this initial work was in
chemical physics or physical chemistry since interactions at
a distance are the ones that govern phase diagrams, i.e.
solubility, phase separation, crystallization and precipitation.

In zebrafish lens, expression of human proteins using the
alpha crystallin promoter was effective and can be used for
the in vivo study of the function of proteins involved in both
normal development and amyloid disorders of ageing.
Supported by grant EY04542 from the NEI.

In the mean time, in the eye lens field, other protein-protein
interactions were demonstrated, essentially “contact”
interactions between various partners, and thoroughly
investigated by the community. The dynamic character of
alpha-crystalllin subunit exchange was analysed. Alphacrystallin chaperone function and interactions with a variety
of substrates were documented. Furthermore, a number of
protein-protein interactions responsible for macromolecular
assembly and stability are now well known, thanks to the
spectacular success of the 3D structure determinations of a
variety of gamma-, beta-, alpha-crystallins and sHsps.
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CRYSTALLIN STRUCTURE
C. Slingsby
Birkbeck College, London, UK

Predict the challenges for another thirty years will be a good
topic for discussion at the meeting...

A cellular eye lens filled with massively expressed highly
soluble, polydisperse crystallins is a vertebrate innovation.
The alpha-crystallins have been recruited from the
ubiquitous stress protein family of small heat shock proteins
that enables them to act as a “holdase” chaperone. A range
of structural techniques has been applied to the alphacrystallins with X-ray crystallography revealing highresolution residue-specific details of truncated smaller
assembly units. New technologies are now being directed
towards full assemblies of polydisperse homopolymers
giving hope that the basis of the dynamic polydispersity will
be revealed. The two-domain beta- and gamma-crystallins
arose from a gene encoding a single domain protein of
restricted location in urochordates followed by massive
expansion, duplication and fusion in vertebrates. A range of
gamma-crystallin monomers and beta-crystallin oligomers
has been resolved by X-ray crystallography revealing
assembly structures of a pool of homo-oligomers from which
heteropolymers will assemble. All of the crystallin domains
have paired charges on their surfaces flanked by N- and Csequence extensions that contribute to higher assembly, but
whereas regions of the C-terminal extensions have been
visualised in alpha-crystallins, the other extensions are not
resolved in any detail. A case can be made that flexible
linker regions facilitate variable assembly, and that alphacrystallin subunit interfaces provide substrate-binding sites.
Variable assembly may also facilitate the gradual growth in
particle size of alpha-crystallin, and its removal from the
“soluble phase” of the lens cytoplasm without disturbing
transparency.
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STUDIES OF PROTEIN - PROTEIN INTERACTIONS IN
THE ZEBRA FISH LENS
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Biological Structure, Biological Structure & Ophthalmology,
Univ. of Washington, Seattle, WA, USA
Many features of aggregate formation in opacifying lens cells
have direct application to mechanisms of disorders of protein
- protein interactions leading to amyloid formation, fibrillation,
or aggregation during ageing. Once the theory of transparent
cell structure (Benedek(1971) Appl Opt 10:459) was
confirmed using X-ray and light scattering spectroscopy
(Delaye & Tardieu(1983) Nature 302:415) in vivo study of
protein self-assembly resulting from the accumulation of
destabilized or disordered proteins became feasible
(Thurston et al(1997)Curr Eye Res.16:197). The
differentiation of lens fibers in both zebra fish and mammals
results in similar transparent, refractile, symmetric, functional
optical elements for normal vision (Dahm et al(2007) Exp
Eye Res 85:74; Greiling &Clark (2009) Dev Dyn 238:2254).
Mechanisms of protein self-assembly will be studied in the
lens of the zebra fish following the expression of selected
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crystallins, is necessary to understand the role in the
resistance of crystallins to age-related stresses.
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STRUCTURAL INVESTIGATIONS ON THE ACTIVATION
OF SMALL HEAT SHOCK PROTEINS BY SOLUTIONAND SOLID-STATE NMR
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CELLULAR AND MOLECULAR ORGANIZATION OF THE
RETINAL CIRCADIAN CLOCK
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Background and aims: The physiology and function of the
retina is regulated by an endogenous circadian clock. While
the effects of the clock on the retina are pervasive, the
cellular and molecular organization of the retinal clock is still
unclear. Here we have used a variety of mouse models to
examine which genes, cells and neurotransmitter systems
play significant roles in the organization of the retinal clock.

AlphaB-crystallin is a ubiquitous chaperone with important
functions in long-living cells. Mutations in alphaB crystalline
lead to cataracts in the eye lens or cardiomyopathies, for
example. It forms polydisperse oligomers that were
investigated by SAXS, solution- and solid-state-NMR,
delivering information on the mechanisms of oligomer
formation and activation. We investigated the influence of pH
on activation by NMR and SAXS. In the eye, alphaB comes
along together with alphaA crystallin. First experiments on
the interactions of both are presented. Furthermore, we
investigated the interaction of both with substrates such as
g-S-crystallin and alpha-synuclein and propose interaction
sites from experiments.

Methods: Circadian rhythms in isolated retinas or cells were
assayed by bioluminescent recording of tissue from mice
harboring the PER2::LUC circadian reporter gene. Mice with
knockouts of specific core clock genes and a retina-specific
knockout of tyrosine hydroxylase were bred onto this
background. Other endpoints measured included ERGs as
well as acuity and contrast sensitivity by optokinetic tracking
reflex.
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Results: Of the six core circadian clock genes, the
expression of molecular circadian rhythms was found to
dependent on Period1, Cry1, and Clock, along with Bmal1,
indicating that the gene-dependence of the retina is different
than the central brain clock. Of the individual cell types
examined thus far in the retina, Muller cells show robust
circadian rhythms in purified culture and thus contain an
endogenous clock. Muller cell rhythms could also be
disrupted by siRNA targeted to Period1. Retinas from mice
with retina-specific knockout of the dopamine synthetic
enzyme tyrosine hydroxylase (rTHKO) did not show
disruption of clock gene rhythms, but did show disruption of
circadian function including loss of ERG rhythms as well as
acuity and contrast sensitivity.

O518
MODULATION OF CRYSTALLIN ASSEMBLY AND
FUNCTION
S. Finet, F. Skouri-Panet, C. Férard, E. Duprat
IMPMC-UMR7590, CNRS-UPMC-IRD, Paris, France
Cataracts, responsible of the half of the total blindness
worldwide, may result from the modification of the eye lens
proteins, inducing their aggregation. Aggregate formation
generates light diffusion, avoiding the light to reach the retina
and then reduces the correct vision.

Conclusions: These results indicate that at the level of
molecular organization,the retinal circadian clock shows a
pattern of clock gene-dependence unique from other neural
oscillators and is potentially more vulnerable to genetic
disruption. Muller cells contain endogenous clocks and have
the potential to play an important role in the cellular
organization of the retinal clock. Retinal dopamine is not
necessary for the retinal clock to run, but acts as an output
that connects the clock to the ERG.

Alpha, beta and gamma-crystallins, the major soluble
proteins in the vertebrate eye lens, exhibits an exceptional
stability over the life time. In the beta/gamma-crystallin
superfamily, gamma-crystallins are monomeric wheras betacrystallins form oligomers. Alpha-crystallin forms large
(around 40 subunits), soluble, hetero-oligomers, composed
by alphaA and alphaB subunits. As a member of the small
heat shock protein (sHSP) family, alpha-crystallin function
(chaperone-like activity) is to protect the other proteins from
aggregation due to various cellular stress (oxidative, heat,
osmotic…) by forming soluble complexes with the client nonnative proteins. In the eye lens, this protective function
contributes in maintaining the lens transparency.
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Biochemical
and
biophysical
techniques
were
complementarily used to compare the behavior (structure,
assembly and function) of the different crystallins.
Recombinant proteins, either native or mutant, were
produced and purified by chromatography (FPLC). Dynamic
/ static light scattering, small-angle X-ray scattering were
combined to analyze their assembly and function.
Furthermore, small molecules or in silico predicted peptides
were tested in vitro to analyse the perturbation of the
complex formation and the chaperone activity of alphacrystallins. Studying small molecules or peptides, able to
disturb the oligomeric structures and interactions, thus
modifying the biochemical properties of the different

SIGNAL TRANSDUCTION INVOLVED IN THE CIRCADIAN
REGULATION OF RETINA PHOTORECEPTOR
PHYSIOLOGY
G.Y.-P. Ko, C.C.-Y. Huang, D.I. Vernikovskaya, M.L. Ko
Veterinary Integrative Biosciences, Texas A&M University,
College Station, TX, USA
Intracellular signaling is an intricate network that is involved
in many cellular functions from metabolism to apoptosis. In
neurons, various signaling pathways regulate ion channel
activities, which further influence cell excitability and
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responses to external stimulations. Photoreceptors not only
passively respond to photons, their endogenous circadian
oscillators provide a mechanism by which photoreceptors
can actively anticipate the daily changes in ambient
illumination. The molecular model of the canonical circadian
oscillators is composed of interlocking transcription and
translation feedback loops of a specific set of clock genes
along with post-translational modifications. However, at the
cellular level, the complex signaling network carries the
circadian “output” pathways from the circadian oscillators in
order for cells to function, respond, or adapt according to the
time of day. We reported that there is a circadian regulation
of L-type voltage-gated calcium channels (L-VGCCs) in cone
photoreceptors. This circadian regulation of L-VGCCs is
mediated through several signaling pathways, including
calcium-calmodulin dependent kinase II, Ras-mitogenactivated
protein
kinase
(MAPK),
and
Rasphosphatidylinositol 3 kinase-protein kinase B (PI3K-AKT)
signaling. Cyclic AMP-dependent signaling is further
upstream of Ras to regulate the circadian outputs in
photoreceptors.
We
found
that
calcineurin,
a
calcium/calmodulin-dependent phosphatase, participates in
the circadian output pathway to regulate L-VGCCs. The
activity of calcineurin, but not its protein expression is under
circadian control. Inhibition of calcineurin reduces the LVGCC currents at night with a corresponding decrease in LVGCCα1D protein expression without affecting its mRNA
level. Inhibition of calcineurin also reduced the
phosphorylation of MAPK and AKT as well as Ras activity,
but inhibitors of MAPK or PI3K signaling do not affect the
circadian rhythm of calcineurin activity. However, inhibition of
adenylate cyclase significantly dampened the circadian
rhythm of calcineurin activity. Hence, calcineurin is
downstream of cAMP but upstream of Ras-MAPK and RasPI3K-AKT signaling in the circadian regulation of L-VGCCs
in photoreceptors.

both rhythms were absent. Using immunohistochemistry in
retinal sections, rhythmic Cx36 expression was localised to
the outer plexiform layer, but not the inner plexiform layer.
Cx36 transcript levels were also found to be rhythmic in both
the diurnal and circadian cycles.
We have found that in addition to post-translational control,
retinal Cx36 is regulated at the translational and
transcriptional level by light and/or the circadian clock.
COI/Financial disclosure: The research was supported by
the BBSRC (BB/G003602/1).
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RETINAL CIRCADIAN CLOCK ENHANCES GABAA
RECEPTOR-MEDIATED HORIZONTAL CELL FEEDBACK
TO CONES AT NIGHT COMPARED TO THE DAY
S. Mangel, H. Choi, M. Ishii, Y. Cao, A. Adelaja, C.
Ribelayga
Department of Neuroscience, Ohio State Univ. College of
Medicine, Columbus, OH, USA
Because 1) GABAA receptor (GABAAR) expression and
activity increase when intracellular cAMP/PKA increases
(Jacob et al., 2008) and 2) the circadian (24-h) clock in the
retina increases intracellular cAMP/PKA in photoreceptor
cells at night compared to the day (Iuvone et al., 2005), we
examined whether the GABAAR expression and activity of
cones are increased at night, compared to the day.
Rabbits and goldfish were light (photopic)-adapted for 1 h in
the day or dark (low scotopic)-adapted for 1 h in the day or
night. Retinal sections were processed in an identical
manner for immunostaining with specific antibodies against
the B2/3 subunit-containing GABAAR (rabbits: bd-17; fish:
62-3G1) and the Cl-cotransporter KCC2 (B22). Double
labeling with cell type-specific antibodies determined
whether GABAARs and KCC2 are located on cone synaptic
terminals (zpr-1) and bipolar cell (BC) (ON-BCs: Goalpha;
OFF-BCs: GluR5) and horizontal cell (HC) (calbindin)
dendrites. The effects of gabazine, a GABAAR antagonist,
and spiperone, a dopamine D2R antagonist, on cones in
intact goldfish neural retinas were studied in the day and
night using whole-cell patch-clamp recording.
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RHYTHMIC REGULATION OF RETINAL CONNEXINS
S. Sekaran, R. Butler, C. Katti
Nuffield Department of Clinical Neurosciences, University of
Oxford, Oxford, UK

In rabbits and fish, intense GABAAR and KCC2 antibody
labeling were observed on cone terminals following
prolonged dark adaptation at night, but not in the day
following prolonged light or dark adaptation, and not on HC
or cone-BC dendrites following prolonged dark adaptation at
night. Gabazine increased the input resistance of goldfish
cones at night, but had minimal effect on cones during the
day following prolonged light or dark adaptation. During the
night, repetitive light stimulation in the mid-mesopic range
slowly increased cone responses to mid-mesopic stimuli
over the course of several minutes, an effect that was
blocked by spiperone.

The dynamic regulation of gap junctional coupling between
retinal neurons is one mechanism by which the eye adapts
to changes in ambient lighting levels. Connexins are the
transmembrane proteins that form gap junctions.
Phosphorylation of connexins has been identified as a
mechanism by which coupling is modulated during light
adaptation. We investigated whether retinal connexins are
also regulated at the translational and transcriptional levels
by assessing Cx36 protein and transcript expression during
the diurnal and circadian cycle.
Wildtype C57BL6/FVB/NCR mice were kept in a controlled
12:12 hr light/dark cycle or in complete darkness (for a
maximum of 24 hrs). Retinae were isolated and flash frozen
or eyes were fixed in 4% paraformaldehyde. Cx36 protein
levels were analyzed using western blotting. The Cx36
antibody (Invitrogen) recognised 2 bands in western blots
corresponding to the unphosphorylated (36 kDa) and
phosphorylated (38 kDa) forms of the protein. Cx36
distribution was assessed by immunohistochemistry in
retinal sections. Cx36 transcript levels were quantified using
qPCR.

The results suggest that GABAARs and KCC2 are expressed
on cone synaptic terminals and are functional to a greater
extent at night under dark-adapted conditions, compared to
the day following light or dark adaptation. The findings also
suggest that the retinal clock, by elevating cAMP/PKA in
cones at night, increases GABAAR and KCC2 expression, so
that GABAAR-mediated feedback from HCs to cones is more
effective at night compared to the day. As light levels
increase through the mesopic range at dawn, the decrease
in GABAAR and KCC2 expression and activity of cones may
preferentially enhance cone light responses. Conversely, as
light levels decrease through the mesopic range at dusk, the
increase in GABAAR and KCC2 expression and activity of
cones may reduce cone light responses.

In a normal diurnal cycle, the phosphorylated form of the
Cx36 protein was rhythmic peaking in the late night phase.
Surprisingly we also observed a similar rhythm in
unphosphorylated Cx36 protein levels. In the circadian cycle,
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Since the discovery that complement factor H (CFH)
polymorphisms are associated with Age-related macular
degeneration (AMD) risk, the hunt for the mechanism of how
the CFH abnormality contributes to disease development
has eluded researchers. Our laboratory has been interested
in how oxidized lipids serve as a chronic vehicle for eliciting
oxidative damage. In general, oxidized lipids can damage
tissue through oxidative stress or by magnifying the innate
immune response. We recently discovered that CFH binds to
malondialdehyde (MDA), a common lipid peroxidation
decomposition product. CFH can block both the uptake of
MDA-modified proteins by macrophages as well as MDAinduced proinflammatory effects in ARPE-19 cells. The CFH
polymorphism H402 dramatically reduces the ability of CFH
to bind MDA, thereby suggesting a causal link to disease
etiology. This discovery demonstrates that innate immunity
plays a pivotal role not only in the immediate defense
against invading microbes, but also provides a homeostatic
response against endogenous oxidation-specific danger
associated molecular patterns. This is consistent with the
notion
that
another
oxidation-specific
epitope,
phosphocholine of oxidized phosphatidylcholine, is a ligand
for other innate effector proteins: the macrophage scavenger
receptors CD36 and SR-B1, the murine IgM NAb EO6/T15,
and C-reactive protein. In an analogous manner, MDA is
recognized by macrophage scavenger receptor SR-A 14,
several germline IgM NAbs, and now, by CFH. Finally, we
have recently demonstrated that lipoprotein(a), composed of
apo(a) and aboB, is another potential pattern recognition
receptor that neutralizes oxidized phosphatidylcholine.
Transgenic Lp(a) mice appear to neutralize oxidized
phosphatidylcholine when given a high fat diet, while
transgenic mutant Lp(a) mice, which are unable to bind to
oxidized phosphatidylcholine, show increased complement
activation and an AMD phenotype. These findings highlight
the emerging importance of the role that pattern recognition
receptors play in neutralizing oxidation specific epitopes.

THERAPEUTICALLY TARGETING AMYLOID BETA IN
EARLY AGE-RELATED MACULAR DEGENERATION
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Purpose: Amyloid beta (Aβ) peptides, Aβ1-40 (Aβ40) and
Aβ1-42 (Aß42), have been implicated in age-related macular
degeneration (AMD) pathogenesis. We hypothesized that, in
the APOE4-HFC mouse model of AMD, Aβ accumulation
provokes damage at the level of the RPE/choroid and
previously showed that systemic administration of anti-Aβ40specific antibodies can partially attenuate the decline in
visual function exhibited in this model. We now show that
systemic administration of anti-Aβ40/42 bi-specific
antibodies can fully protect the animal from this damage.
Methods: Aged male human APOE4-targeted replacement
mice (APOE4 mice) (n=51, 65-87 wks old) were maintained
on a normal diet (ND) or switched to a high fat, cholesterolenriched (HFC) diet (n=42) for 8 wks. The mice switched to a
HFC diet, APOE4-HFC, were further sub-grouped based on
antibody treatment. Mice were randomly assigned to three
treatment groups with even distribution by age: normal
control, APOE4-ND; affected control, APOE4-HFC;
treatment group, anti-Aβ antibody injected animals that
received 1X per week IP injections of [3 mg/kg] body
weight/injection of anti-Aβ40/42, APOE4-HFC + antiAβ40/42. Full field scotopic electroretinogram (ERG),
histology, immunofluorescence microscopy and ELISAs
were performed.
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Results: Aged APOE4-HFC mice form Aβ-containing
deposits basal to the RPE, exhibit histopathologic changes
in the RPE and acquire a deficit in scotopic ERG responses
reflecting impairment of visual function. Strikingly, the ERG
deficits are abrogated by systemic administration of an
antibody targeting the C-termini of Aβ40 and Aβ42 in a dosedependent manner. Concomitant reduction in sub-RPE Aβ,
activated complement products and morphological
preservation of the RPE are associated with anti-Aβ40/42
treatment and visual protection.

O525
CELL-BASED IN VITRO ANALYSIS OF DRUSEN
FORMATION AND AMD-ASSOCIATED COMPLEMENT
ACTIVATION
L.V. Johnson
Center for the Study of Macular Degeneration, University of
California, Santa Barbara, CA, USA
Drusen deposition is a hallmark of age-related macular
degeneration (AMD), and the presence of large and/or
numerous drusen is a risk factor for progression of the
disease. In order to better understand the process of drusen
biogenesis and the etiology of complement activation in
AMD, we employed a cell-based in vitro model that mimics
several of its key aspects. Our studies show that primary
cultures of human RPE cells grown on porous supports form
abundant basal deposits that are rich in apolipoprotein E
(Apo E), a ubiquitous drusen component. Apo E deposits
selectively accumulate other known drusen constituents (e.g.
vitronectin, clusterin, serum amyloid P) from human serum
indicating that specific protein-protein interactions contribute
to the accretion of plasma proteins during drusen formation.
Addition of human serum to the model system also leads to
complement activation evidenced by the deposition of
terminal complement complexes (C5b9) in association with
the Apo E-rich deposits. This activation is mediated by the
classical complement pathway and involves antibodyindependent interaction of C1q with ligands in the deposits.

Conclusions: Anti-Aβ immunotherapy simultaneously
targeting both Aβ40 and Aβ42 blocks histopathologic
changes and completely protects visual function in APOE4HFC mice. Our study identifies Aβ as a viable therapeutic
target for treatment of the dry form of AMD for which there is
currently no effective therapies.
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This model is being employed in potency analysis of
complement-inhibitory compounds that are candidate
therapeutics for AMD. In addition, we are employing the
model to screen candidate compounds for their ability to
inhibit deposit formation or to eliminate preformed deposits
so as to identify potential therapeutics for early AMD that
inhibit or delay disease progression to more severe latestage phenotypes.

understand the role of VEGF in RPE dysfunction and the
accumulation of subretinal fluid, here we have utilized SDOCT in animal models in vivo.
While stabilizing the IOP, blebs containing PBS, BSA,
VEGF, or PLGF (all 100 ng/µL) were injected subretinally
into rabbits. Reabsorption was followed for 90 minutes with
high resolution OCT scans. To block VEGF-R2, ZM323881
was administered intravitreally one hour prior the blebs.
Fluorescein angiograms confirmed RPE leakage. To
understand the role of endogenous VEGF, ERGs,
autofluorescence images, OCT scans, and fluorescein
angiograms were collected in conditional adult RPE VEGF
overexpressing mice.

COI/Financial disclosure: Nothing to disclose
O526
SEROTONIN 5-HT1A RECEPTOR AGONISTS AND
RETINOPROTECTION

Reabsorption rate across the RPE was 6.8±1.2 and 5.3±1.3
2
µL/cm h in blebs containing PBS and BSA respectively and
PLGF did not significantly alter this rate. However, VEGFcontaining blebs did not reabsorb, unless pretreated with
ZM323881. In VEGF-filled blebs fluorescein leakage was
also observed. VEGF overexpressing mice had an agerelated reduction of ERG c-, a-, and b-waves. Moreover,
these mice also exhibited a thin retina with autofluorescent
RPE lesions which were thicker than a normal retina and
leaked fluid upon angiography.

C. Romano
Retina Research, Alcon, NIBR, Fort Worth, TX, USA
The AREDS Study showed that a combination of antioxidant
vitamins plus zinc could slow the progression of early to
advanced AMD, and anti-VEGF therapy has revolutionized
the treatment of exudative AMD, but there are currently no
therapies available for the treatment of Geographic Atrophy
(GA), the advanced form of dry AMD. Because oxidative
stress has been implicated in the pathogenesis of advanced
AMD, we have used in vivo and in vitro models of oxidative
stress to the retina and retinal cells to evaluate potential
therapeutics. Agonists at the serotonin 5-HT1A receptor are
promising compounds. Drugs of this class provide complete
protection in vivo from the severe structural and functional
damage to the retina induced by blue light exposure. The
effect comes on rapidly and persists for days after a single
systemic administration. A topical ocular formulation has
been developed that also is efficacious in this model. In
another in vivo model of AMD-like pathology, knockdown of
SOD2 expression using a virus encoding a ribozyme
targeting this enzyme, 5-HT1A agonist treatment is also
protective. RPE cells in vitro are protected from oxidative
stress by treatment with 5-HT1A agonists. This effect is
blocked by 5-HT1A selective antagonists, and is mediated by
activation of the MEK/erk MAPK pathway. The antioxidant
enzymes SOD1 and SOD2 are upregulated by the treatment
and this may explain the enhanced resistance to oxidative
stress. RPE cells in culture generate autofluorescent
lipofuscin as they age, and to a much greater extent when
they are fed photoreceptor outer segments. 5-HT1A agonists
inhibit the accumulation of lipofuscin in these cultures, and
protect the cells from damage mediated by accumulated
lipofuscin. A phase 2/3 clinical trial of a topical ocular
formulation of the 5-HT1A agonist AL-8309B is ongoing to
determine if this agent will slow the progression of GA.

The VEGF-induced reduction in reabsorption is consistent
with a localized breakdown of the RPE barrier. The VEGF
overexpressing mice exhibited many symptoms similar to
wet-AMD. Thus, VEGF can modulate the RPE barrier in vivo
and the VEGF-induced RPE dysfunction can lead to
edematous fluid. Therefore, a localized breakdown of the
RPE barrier is likely to contribute to the accumulation of
subretinal fluid in both wet-AMD and diabetic retinopathy.
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MAP3K1 INTEGRATES DEVELOPMENTAL SIGNALS
FOR EYELID MORPHOGENESIS
Y. Xia
Environmental Health, University of Cincinnati, Cincinnati,
OH, USA
Mouse embryonic eyelid closure is a morphogenetic
process, involving forward movement and fusion of the
upper and lower eyelids. While many signaling events take
place during eyelid closure, how the signals converge to
regulate the morphogenetic process has therefore become
an intriguing question. Using molecular genetics approach,
we have identified the mitogen-activated protein kinase
kinase kinase 1 (MAP3K1) as an integral component of a
molecular network in the control of morphogenetic eyelid
closure. On the one hand, a TGFα/EGFR-RhoA signaling
module induces c-Jun expression which, in a
phosphorylation-independent manner, binds to the Map3k1
promoter and causes an increase in MAP3K1 expression
specifically in the developing eyelid epithelium. On the other
hand, the enzymatic activity of MAP3K1 leads to
phosphorylation and activation of a JNK-c-Jun signaling
module, resulting in AP-1 transactivation and induction of
downstream genes. We further identify genes involved in
Wnt and Sonic hedgehog signaling, morphogenesis and
actin reorganization as downstream targets of the MAP3K1
pathways in leading edge eyelid epithelium. Genetic
mutations that perturb or weaken this signaling network lead
to eyelid developmental defects that may underlie
developmental eye diseases.

COI/Financial disclosure: The author is an employee of
Alcon, which is conducting a clinical trial of a 5HT1A agonist.
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VEGF-INDUCED RPE DYSFUNCTION LEADS TO
ACCUMULATION OF SUBRETINAL FLUID
Z. Ablonczy, M. Dahrouj, C.E. Crosson
Department of Ophthalmology, Medical University of South
Carolina, Charleston, SC, USA
Anti-VEGF treatment reduces subretinal fluid and increases
visual acuity in wet-AMD and diabetic retinopathy. Although
this therapy is primarily intended to target angiogenesis and
vessel leakage, maintaining a dehydrated outer retina is a
function of the RPE. We have recently shown that VEGF can
also regulate the barrier function of the RPE in vitro. To
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Results: Examinations of the corneal surface and eye globe
size suggested that the loss of TRPV1, TRPA1 or TRPV4
suppressed
post-alkali
burn
inflammation
and
fibrosis/scarring, and this was confirmed by histology,
immunohistochemistry and gene expression analysis. The
loss of these TRP channel receptors inhibited inflammatory
cell invasion and myofibroblast generation in association
with reduction of expression of pro-inflammatory and profibrogenic components. Experiments of bone marrow
transplantation between either genotype of mice showed that
KO corneal tissue resident cells, but not KO bone marrowderived cells, are responsible for KO-type wound healing
with reduced inflammation and fibrosis. Systemic TRPV1,
TRPA1 or TRPV4 antagonists reproduced the KO-type of
healing.
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.DOMINANT NEGATIVE MASTERMIND-1 EXPRESSION
IN OCULAR SURFACE DEPLETES CONJUNCTIVAL
GOBLET CELLS AND MANIFESTS DRY EYE IN THE
MOUSE
1

1

2

3

3

C.-Y. Liu , Y. Zhang , W.S. Pears , N. Brown , T. Le , W.W.1
Y. Kao
1

Ophthalmology, University of Cincinnati College of
2
Medicine, Cincinnati, OH, Department of Pathology and
Laboratory Medicine, University of Pennsylvania,
3
Philadelphia, PA, Division of Developmental Biology,
Cincinnati Children's Hospital Research Foundation,
Cincinnati, OH, USA

Conclusions: Absence or blocking of these TRP channel
receptors suppressed inflammation and fibrosis/scarring
during healing of alkali-burned mouse cornea. TRPV1,
TRPA1 or TRPV4 are potential drug targets for improving
the outcome of inflammatory/fibrogenic wound healing.

Conjunctival goblet cells synthesize mainly mucins to
lubricate ocular surface, essential for normal vision. Notch
signaling has been associated with goblet cell differentiation
in intestinal and respiratory tracts, but its function in ocular
surface remains elusive. Herein, we demonstrate that
conditional inhibition of canonical Notch signaling by
expressing dominant negative mastermind-like-1 (dnMAML1) in ocular surface epithelia impairs goblet cell
differentiation during and following development. As
Wt
compared to the wild-type ocular surface (OS ), expression
dn-MAML1
) causes
of dn-MAML1 in ocular surface (OS
conjunctival epithelial hyperplasia, aberrant desquamation,
+
and fails to initiate goblet cell differentiation prior to CD45
leukocyte infiltration into the subconjunctiva. In addition,
dn-MAML1
down-regulates Pax-6 expression, alters keratin
OS
expression patterns, and results in epidermal metaplasia,
leading to symptoms of keratoconjunctivitis sicca (dry eye)
syndrome. Biochemical studies reveal that N1-ICD (Notch1
intracellular domain) transactivates the murine Klf4
promoter, thus, expressing Klf4, which directly binds and
greatly potentiates Muc5A/C promoter activity. In contrast,
dn-MAML1
dampens Klf4 expression and diminishes
OS
Muc5A/C synthesis. Moreover, conditional knock-out of
N1-cko
dn-MAML1
) recapitulates OS
Notch1 in ocular surface (OS
aforementioned phenotypes. Collectively, these findings
suggest that MAML1-mediated Notch1 signaling plays a
pivotal role in the initiation and maintenance of goblet cell
differentiation for a normal ocular surface morphogenesis
and homeostasis by regulating Klf4
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CORNEAL GOBLET CELL HYPERPLASIA
MASQUERADING AS STEM CELL DEFICIENCY
M.A. Stepp
Anatomy and Regenerative Biology, The George
Washington University Medical Center, Washington, DC,
USA
The diagnosis of limbal or corneal stem cell deficiency is
often based on the presence of goblet cells on the ocular
surface. It has been assumed that the goblet cells migrate
onto the cornea from the neighboring bulbar conjunctiva. In
this study, we show that the limbal basal cells of the mouse
cornea contain niches with cells in three differentiation
states: slow-cycling corneal stem cells, proliferating cells,
and post-mitotic differentiated goblet cells. During
homeostasis and after small wounds, proliferating cells
within these niches generate progeny that differentiate
primarily into corneal epithelial cells. However, after corneal
wounds that preserve the stem cells but remove more than
50% of the corneal epithelium, these niches migrate from the
limbal: cornea border onto the cornea where they proliferate
and reform clusters containing proliferating cells and nonproliferating goblet cells. Since the goblet cells are derived
from resident limbal basal cells, this condition should be
more appropriately called goblet cell hyperplasia.
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TRP CHANNEL AND CORNEAL INFLAMMATION
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O532
MOLECULAR REGULATION OF CORNEA
DEVELOPMENT
P. Lwigale

Purpose: To examine if lacking transient receptor potential
(TRP), thermosensitive ion channel receptors affect the level
of inflammation and scarring in a healing, alkali-burned
cornea in mice.

Biochemistry and Cell Biology MS-140, Rice University,
Houston, TX, USA
The adult cornea is a transparent, avascular, and highly
innervated tissue required for normal vision. Cellular and
tissue interactions between the ectoderm, lens vesicle, optic
cup, and neural crest mesenchyme are critical to the proper
formation of the cornea. However little is known about the
molecular mechanisms involved in the formation of the
cornea. Using cell and tissue culture techniques and
genomic approaches, we address fundamental questions

Methods: Immunohistochemistry probed for TRPV1, TRPA1
and TRPV4 protein expression in mice corneas. A cornea
burn was produced with 1N NaOH was instilled into an eye
-/-/-/of TRPV1 (KO) (n=88), TRPA1 (KO) (n=62), TRPV4
+/+
(KO) (n=44) or TRPV1 (WT) (n=200) mice. The eyes were
processed for histology/immunohistochemistry or real time
RT-PCR.
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concerning cell migration and differentiation during cornea
development. We have shown that signaling of the axon
guidance molecule semaphorin3A (Sema3A) through its
neuropilin-1 (Npn-1) receptor is critical to early formation of
the cornea. First, we have shown that temporal regulation of
neural crest cell migration into the presumptive cornea by
lens-derived Sema3A signaling is crucial for their
differentiation into corneal endothelium and stroma. Second,
we have shown that Sema3A/Npn-1 signaling guides
sensory nerve projections into the cornea. Lens ablation or
blocking of Sema3A signaling in chick results in precocious
and disorganized innervation of the cornea. Mice lacking
Sema3A signaling through Npn-1 show similar aberrant axon
projections into the presumptive cornea. Thus the role of
Sema3A/Npn-1 signaling during corneal innervation is
conserved between mouse and chick despite innate
differences in cornea development. To further explore the
molecular mechanisms involved in corneal development, we
have performed a microarray analysis of gene expression at
different stages of eye development. Differentially expressed
genes will reveal novel gene candidates for regulation of
neural crest differentiation into corneal endothelium and
stroma, axon guidance into the cornea, as well as
development of corneal avascularity. Understanding the
molecular cues that regulate cornea development may
provide insight into novel treatments for damaged, diseased
or defective adult corneas.

in histological sections stained with H&E and the expression
of ACE2 was analyzed by immunohistochemistry. Our
findings showed that DIZE increases the expression of
ACE2 in eyes of control and glaucomatous rats. In terms of
IOP, control animals with glaucoma presented a significantly
higher pressure (27.1±1.9mmHg) when compared with
normal rats (9.0±2.7mmHg). Both systemically and locally
administration of DIZE was able to normalize the PIO
(instillation: 9.6±1.1mmHg) without significant changes in
MAP. These effects were completely blocked by A-779,
thereby indicating the participation of Ang-(1-7)/Mas in these
actions. Histological analysis revealed that the reduction in
the GC counting observed in glaucomatous rats (540.9±9.3
cells) was reversed by the activation of intrinsic ACE2
(629.0±8.8 cells). In addition to the neuroprotection induced
by DIZE, it was also able to facilitate the drainage of the
aqueous humor. Indeed, the duration of the drainage of the
Na99mTcO4- in glaucomatous rats was approximately 8
hours while this time was drastically reduced in animals with
glaucoma and treated with DIZE (~2 hours). Thus, our
results evidence the pathophysiological relevance of the
ocular ACE2/Ang-(1-7)/Mas axis of the RAS and,
importantly, indicate that activation of intrinsic ACE2 is a
potential therapeutic strategy to treat glaucoma.
Financial Support: CAPES, CNPq and FAPEMIG.
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MICE IS
INFLAMMATION IN CCL2 CX3CR1
NEUTROPHIL DOMINATED IN EXPERIMENTAL
AUTOIMMUNE UVEORETINITIS

ANTI-GLAUCOMATOUS EFFECTS OF ACTIVATION OF
INTRINSIC ANGIOTENSIN-CONVERTING ENZYME 2

J. Zhao, M. Chen, H. Xu
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2
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Fulgêncio , S.O.A Fernandes , V.N. Cardoso , M.K.
4
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Raizada , A.J. Ferreira

Queen's University Belfast, Belfast, UK
Purpose: This study is to investigate the effect of
ccl2/cx3cr1 dual-deficiency in experimental autoimmune
uveoretinitis (EAU).

1

Department of Morphology, Federal University of Minas
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Gerais, MG, Brazil; Department of Pharmaceutical
Products, Federal University of Minas Gerais, MG, Brazil;
3
Department of Clinical and Toxicological Analysis, Federal
4
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Physiology and Functional Genomics, University of Florida,
FL, USA.

Method: EAU was induced in wild type (WT) C57BL/6 and
-/gfp/gfp
(double knock out, DKO) mice. Ocular
ccl2 cx3cr1
disease severity was graded clinically using the topical
endoscopic fundus imaging system, and histologically by
light-microscopy. The phenotype of inflammatory cells in the
blood, lymph nodes, and the inflamed retina was examined
by flow cytometry. Retinal inflammatory gene expression
was examined by real-time RT-PCR.

Glaucoma is a neurodegenerative disease, usually
accompanied by an elevation of the intraocular pressure
(IOP), which is characterized by progressive death of retinal
ganglion cells (GC). Several studies have evidenced the
participation of the renin-angiotensin system (RAS) in the
pathophysiology of the eyes. Furthermore, many beneficial
effects have been attributed to the recently discovered
angiotensin-converting enzyme 2 (ACE2) mainly in the renal
and cardiovascular system. Thus, in view of the protective
actions of ACE2 and of the contribution of the RAS to eye
disorders, the aim of this study was to evaluate the effects of
the activation of endogenous ACE2 using the compound
diminazene aceturate (DIZE) in experimental glaucoma.
Unilateral glaucoma was induced in Wistar rats (180-220g)
by injection of 30μL (10mg/mL) of hyaluronic acid in the
anterior chamber once a week for 4 or 5 weeks. DIZE
(1mg/kg) was daily administered systemically or topically (by
gavage and instillation, respectively) and the IOP was
measured weekly using a tonometer. The mean arterial
pressure (MAP) was evaluated by a tail cuff method. To
evaluate the participation of the ACE2/Ang-(1-7)/Mas
receptor axis in the effects of DIZE, we used the Ang-(1-7)
antagonist A-779 which was administered using osmotic
mini-pump. The drainage of the aqueous humor was
analyzed counting the injected sodium pertechnetate
(Na99mTcO4-) radioactivity in the eyes in a gamma camera
at the end of the treatments. Analysis of GC was performed

Results: Retinal inflammation started at day 15 postimmunization (p.i.) and peaked at day 20-25 p.i. in both WT
and DKO mice. After the acute phase, a low-grade
inflammation persisted for over 3 months. Clinical and
-/pathological scores of retinal inflammation in ccl2
gfp/gfp
cx3cr1
DKO mice were lower than those in WT mice.
Infiltrating cells in the DKO EAU mouse retina were
+
predominately Ly6G neutrophils, whereas in the WT mice
+
inflammation is dominated by F4/80 macrophages. Realtime RT-PCR analysis showed that the expression of ccl2
was markedly increased in WT EAU retina, whereas the
expression of cx3cl1 did not change during the course of
EAU. In addition, EAU retinas from DKO mouse expressed
lower levels of CCL5, IP-10, CXCL2 and TNF-α, but higher
levels of SDF-1and IL-6 when compared to those from WT
-/gfp/gfp
DKO mice
mouse. Dendritic cells from ccl2 cx3cr1
expressed lower levels of MHC II and co-stimulatory
molecule CD86 as compared to DCs from WT mice.
-/-

Conclusion: The adaptive immune response in ccl2
gfp/gfp
cx3cr1
mice is altered in the context of autoimmune
uveoretinitis. The ccl2-ccr2 pathway, but not the cx3cl1cx3cr1 pathway, may play an important role in the
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recruitment of macrophages in EAU. In the absence of ccl2
and cx3cr1, neutrophils dominate retinal inflammation and
such inflammation is less destructive as compared to
macrophage-dominated inflammation.

disease onset increase in goblet cell (GC) numbers detected
in TSP-1null conjunctiva corresponds with a detectable
expression of interleukin-13 (IL-13), a pro-inflammatory
cytokine previously described as involved in lung GC
hyperplasia and mucus hypersecretion. This study aimed to
evaluate the specific effect of IL-13 in mucin secretion from
mouse conjunctival GC. Significantly increased expression
of IL-13 was detected by real-time PCR in TSP-1null
conjunctiva harvested from 6, 8 and 12 week old mice
compared to the age-matched WT control tissue. Although
significantly increased GC numbers were reported previously
in the conjunctiva of 8-12 wk old TSP-1null mice compared
to WT controls, the tear MUC5AC levels as detected by
ELISA were significantly lower in TSP-1 null mice at all the
tested ages compared to WT mice. Consistent with these
results MUC5AC mRNA expression was also significantly
reduced in TSP-1 null conjunctiva compared to the WT
control tissues at all tested ages. Primary cultures of mouse
conjunctival GC were grown from WT conjunctival explants
and treated for 24 h with IL-13 followed by stimulation with
the cholinergic agonist carbachol for 1 h. Secretion of
MUC5AC into culture supernatants was evaluated by ELISA
and proliferation of IL-13-treated GC was assessed by Ki-67
staining and flowcytometric analysis. The exposure of
primary mouse GC cultures to IL-13 did not alter their
carbachol-mediated MUC5AC secretion, but induced a
significant increase in cell proliferation. Together, these
results indicate that increased expression of the proinflammatory cytokine IL-13 in TSP-1 null mouse conjunctiva
induces the proliferation of GC, but does not appear to affect
their ability to secrete mucins in response to cholinergic
stimulus.
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THE PATHOGENESIS OF HLA-B27 ACUTE ANTERIOR
UVEITIS AND SERONEGATIVE ARTHRITIS
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1
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S. Amjadi , D. Wakefield , P. McCluskey
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School of Medical Sciences, University of New South
2
Wales, Save Sight Institute/ Sydney Eye Hospital,
University of Sydney, Sydney, NSW, Australia
Background and aims: Acute anterior uveitis (AAU) and
seronegative arthritis (SNA) often co-exist and both are
associated with HLA B27 and preceding microbial infections,
particularly C. trachomatis. Molecular mimicry between
bacterial and self-antigens presented by HLA-B27 may
provide a mechanism for these diseases. Using proteomic
analysis the extracellular matrix component lumican was
identified as having sequence homology to C. trachomatis.
Furthermore, we have shown that nonapeptides derived
from lumican bind to HLA B27 with high affinity. We have
also shown that lumican is expressed in the eye and articular
cartilage and may play a role in disease localisation.
Methods: Peripheral blood mononuclear cells (PBMCs)
were obtained from patients with a history of AAU and/ or
SNA and serology for Chlamydia was assessd by Elisa. The
PBMCs were stimulated with groups of nonapeptides
derived from C. trachomatis, lumican and other matrix
components and human recombinant lumican in an
ELISPOT assay.

COI/Financial disclosure: DoD grant W81XWH-10-1-0392
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ONE CASE OF ENDOGENOUS ENDOPHTHALMITIS
CAUSED BY LIVER ABSCESS

Results: Results were obtained from 29 patients and seven
controls. Positive responses were seen in 24% of patients
and 29% controls which was not significant. 52% of patients
were positive for Chlamydia serology compared to 14% of
controls. Further subgroup analyses did not reveal any
significant difference compared to controls.

Y. Hao, X. Yang, X. Gu, J. Wang, J. Sun
Ophthalmology, Yantaishan Hospital, Yantai, China
Background and aims: How to make early diagnosis for a
patient with speedy vision loss accompanied by general
symptoms.

Conclusions: Despite the fact that the majority of patients
with AAU and SNA have evidence of preceding C.
trachomatis infection and are HLA B27 positive we were
unable to detect a specific cytotoxic T cell mediated
response to lumican or peptides common to lumican and
Chlamydia. This suggests that should antigen-specific
cytotoxic T cells involved in disease be circulating, they
would be in very low concentrations as confirmed in previous
studies using murine models. Further studies utlilising cells
from aqueous humor and synovial fluid from patients with
active disease could reveal peptide specific T cell responses
to such mimotopes.

Methods: A 43-year-old male patient was hospitalized with
the chief complaint of vision loss followed by 2-day fever and
without any history of trauma or ocular operation. After being
suspected of endogenous infection, B-mode ultrasonography
was made to his visceral organs and a doubtful diagnosis of
liver abscess was obtained. So an intensified liver CT-scan
was made and the diagnosis of liver abscess was assured.
Wide-spectrum antibiotics were used to him intravenously.
Two days later, his fever disappeared but the vitreous and
anterior chamber of his right eye were full of pus with severe
swelling of eyelids and disappearance of light perception.

COI/Financial disclosure: Nothing to disclose
Results: After discussing with the patient himself and his
wife, evisceration of right eye was performed under the
approval of their consent. The liver abscess also
disappeared after 3-day intravenous injection of antibiotics
with the approval of B-mode ultrasoography. Conlusion: An
endogenous infection must be suspected when a patient has
a speedy vision loss with general symptoms such as fever
and joint pain and wide-spectrum antibiotics must be given
simultaneously.

P003
THE EFFECT OF INTERLEUKIN-13 ON CONJUNCTIVAL
GOBLET CELL MUCIN SECRETION
L. Contreras-Ruiz, B. Turpie, D.A. Dartt, S. Masli
Schepens Eye Research Inst and Massachusetts Eye and
Ear, Department of Ophthalmology, Harvard Medical School,
Boston, MA, USA

Keywords: Endogenous endophthalmitis liver abscess.

Ocular surface inflammation in thrombospondin-1 (TSP-1)
deficient mice is associated with autoimmune Sjögren's
syndrome, which progressively develops with age. At the

Pre-operative intensified liver CT-scan.
Vitreous abscess of right eye.
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also suffering from atrial fibrillation. The patient had 20/20
visual acuity in each eye but she had new bilateral reinal
hemorrhages and exudates around the optic disc in each
eye (images 1 and 2). She did not have diabetic retinopathy.
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Results: The above bilateral retinal signs led to careful
investigation in search for possible reasons. Blood tests
showed the patient was not taking enough oral Warfarin to
stop embolic diseases arising from left heart emboli. The
dose of oral warfain was increased and in her next visit
seven months later the fundus signs have completely
disappeared in both eyes (image 3).

®

THE EFFICACY OF SEPRAFILM GRAFT WITH
ADHESIOLYSIS IN EXPERIMENTALLY INDUCED LID
ADHESION IN RABBITS
1

1

H.B. Ahn , S.W. Jin , M.S. Rho
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2

Ophthalmology, Pathology, Dong-A University, Busan,
Republic of Korea

Conclusion: Careful ophthalmic examination and proper
timely investigation of bilateral fundus signs can be life
saving in many cases.

®

Purpose: To evaluate the efficacy of subsequent seprafilm
transplantation following adhesiolysis for preventing
postoperative readhesion and improving the results of
surgery.
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Methods: Primary blepharoplasty was done on both eyelids
of 8 albino rabbits. After 2 weeks, a new skin incision was
made and adhesiolysis was done on both eyelids. The
rabbits were categorized into two groups, one with
adhesiolysis alone in left eyelids (control group), and the
®
other with adhesiolysis with seprafilm graft in right eyelids
®
®
(seprafilm group). In the seprafilm group, the 15×4-mm
®
sized seprafim was designed and transplanted between
tarsal plate, orbicularis muscle and subcutaneous tissue.
The skin was sutured with 6-0 nylon. The rabbits were
sacrificed at 1, 2, 4 and 8 weeks after second operation, at
which time the change of lid shape, inflammation and fibrosis
were evaluated. The degree of inflammatory cell and fibrosis
were examined on H & E stain.

P007
EPIGENETICS AND AGING: AGE-RELATED CHANGES
IN CYTOSINE METHYLATION WITHIN THE SOD2
PROMOTER AND INTRON 2 IN THE MOUSE
RPE/CHOROID
L.M. Hjelmeland, Z. Smit-McBride
Ophthalmology, University of California, Davis, CA, USA
Epigenetics has emerged as a possible mechanism for
integrating the effects of environment and age with the
genetic basis of risk in Age-related Macular Degeneration.
Epigenetic data, however, are very noisy. We have explored
the isogenic mouse as an experimental ”best case scenario
in terms of background genetics”.

Results: On eyelid examination directly after the operation,
mild swelling and hemorrhage was detected in both groups,
but after 1 -2 week, the swelling and hemorrhage was
resolved and the shape of the eyelids had recovered
completely in both groups. In microscopic findings, the
®
seprafilm group showed less inflammatory cell and fibrosis
®
than the control group. The seprafilm group showed less
depth of inflammatory lesion than the control group on 4 and
8weeks postoperatively.

Six male BALB/c mice were studied, 3 at 2 months and 3 at
18 months. Based on our preliminary data with
MethylCollector and Affymetrix GeneChip Promoter Arrays,
2 regions in the Sod2 promoter and 2 in intron 2 of Sod2
were chosen for detailed analysis. DNA from the
RPE/choroid was isolated and bisulfite sequenced. After
PCR amplification and cloning, the sequence was
determined for 15-20 clones from each region for each
mouse. From the raw data, we calculated the percent
methylation for every cytosine in all 4 regions from all 6
animals. The mean and standard deviation were then
calculated for the young group and old group of animals.
Each residue was then tested for significant age-related
changes using a t-test.

Conclusions: From these findings, we suggest that the use
®
of seprafilm graft after adhesiolysis and blepharoplasty is
an effective method for prevention of postoperative
readhesion and good result of post blepharoplasty.
COI/Financial disclosure: Nothing to disclose
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No single residue had a statistically significant change of
methylation at p< 0.05. When the p value was relaxed to
0.10, however, several regions appeared with possible
functional significance. The first region is in the distal
promoter, near a NFkapaB site and a Foxo-3A site. The
second region is within intron 2, 5' from the TNF response
element. Many methyl-cytosines were found in CpA, CpT
and CpC dinucleotides in addition to normal CpGs.

IMPORTANCE OF EMBOLIC BILATERAL RETINAL
SIGNS
1

S.S. Michel , M.S. Michel

2
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These data show that a N=3 for an isogenic mouse strain
does not provide enough experimental power to determine
significance at the p = 0.05 level for these regions in the
SOD2 gene. A power calculation using these data will
determine the correct value for N biological replicates.

Backgrounds and aims: Careful examination of the fundus
of every single patient may yield extremely significant
information. This does not only apply to patients with
suspected posterior segment lesions but also to completely
asymptomatic patients coming for periodic, or routine,
ophthalmic evaluation.
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Methods: A case study of an asymptomatic 68 year old
patient who presented for periodic ophthalmic evaluation as
she was suffering from borderline diabetes mellitus for many
years. Review of systems showed she was treated from
breast cancer (surgery only) and recurrent pneumonia. Her
current medication included oral Warfarin because she was
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Hansen's Disease, College of Medicine, the Catholic Univ. of
Korea, Korea, Republic of Korea
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Background: High levels of plasma free fatty acids (FFAs)
are frequently seen in patients with hyperthyroidism.
Palmitate is one of the most abundant FFAs in plasma and
aggravates inflammation by promoting secretion of proinflammatory cytokines in various cells. In the present study,
we characterized orbital fibroblasts from patients with TAO
and then examined the effect of palmitate on the production
of pro-inflammatory cytokines and hyaluronic acid (HA) in
orbital fibroblasts.

DENDRITIC CELLS INFECTED WITH TOXOPLASMA
GONDII TRAFFIC THROUGH SIMULATED HUMAN
RETINAL ENDOTHELIUM ASSISTED BY
INTERCELLULAR ADHESION MOLECULE (ICAM)-1 AND
VASCULAR CELL ADHESION MOLECULE (VCAM)-1
J. Smith, A. Bharadwaj, A. Olivas, Y. Pan, L. Ashander, J.
Furtado
Oregon Health & Sciences University, Portland, OR, USA

Methods: Orbital fat explants were obtained from patients
with TAO undergoing orbital decompression surgery (n = 5).
The fibroblasts were characterized by antibodies specific for
fibroblast markers and Thy-1 by immunostaining and flow
cytometry. We then investigated the capability of orbital
fibroblasts to secrete cytokines and HA in response to
Interleukin (IL)-1β using an ELISA. The effect of palmitate on
cytokine and HA production in orbital fibroblasts was
examined at the protein level by ELISA and at the mRNA
level by quantitative real time RT-PCR. The level of
phosphorylation of MAPKs, including p38, ERK, and JNK,
was measured by immunoblot analysis.

Background and aims: Toxoplasma gondii, the parasite
responsible for ocular toxoplasmosis, accesses the retina
from the bloodstream. We focused on the dendritic cell (DC)
as a potential taxi for T. gondii across the human retinal
vascular endothelium, and examined the role of IgG
superfamily members, ICAM-1 and VCAM-1, in this process.
Methods: Human peripheral blood CD14+ monocytes were
differentiated to DCs by 7-day culture in GM-CSF (100
ng/ml) and IL-4 (12.5 ng/ml), and subsequently infected with
yellow fluorescent protein (YFP)-tagged RH strain T. gondii
tachyzoites for 6 hours (multiplicity of infection=3:1).
Endothelial transmigration was studied in transwells with 0.3
2
cm PET membranes, containing 3 micron pores, and coated
with collagen I and seeded with human retinal endothelial
cells 4 days prior. Transwells were pre-incubated for 2 hours
with anti-human ICAM-1 (50 µg/ml), anti-human VCAM-1 (30
µg/ml) or isotype-matched irrelevant antibody. lnfected and
control uninfected DCs were applied to upper chambers of
5
transwells (5x10 DCs/well, n=6 wells/condition), and after
18 hours numbers reaching lower chambers were counted.
Diffusion of Texas Red-70 KDa dextran between chambers
was tracked to assess intactness of endothelial monolayers.
Parasite viability was confirmed by plaque assay.

Results: The orbital fibroblasts from patients with TAO were
Thy-1- positive fibroblasts (> 90%) with the ability to secrete
IL-6, IL-8, monocyte chemotactic protein-1 (MCP-1), and HA
in response to IL-1β. Treatment with palmitate induced
significant production of IL-6 and MCP-1, but not IL-8 and
HA, in orbital fibroblasts. IL-6 and MCP-1 expression by
palmitate were differentially regulated by MAPKs. IL-6
expression was mediated by the p38, ERK, JNK pathways,
whereas MCP-1 expression was mediated by ERK and JNK,
but not by p38, in palmitate-treated orbital fibroblasts.
Conclusions: We show the possible involvement of
palmitate in the promotion of inflammation within orbital
tissues. This finding may be helpful for understanding the
development of TAO in patients with hyperthyroidism.

Results: Purity of CD14+ monocyte-derived DCs was ≥98%,
per flow cytometric analysis, and 56-81% of these cells were
infected with T. gondii, as determined by fluorescence
microscopy. DCs infected with T. gondii tachyzoites
exhibited augmented transmigration compared to uninfected
DCs (p≤0.0004 in 2 independent experiments). ICAM-1 and
VCAM-1 blockade significantly reduced infected DC
migration in comparison to control (ICAM-1: p≤0.0008 in 2
independent experiments. VCAM-1: p≤0.007 in 2
independent experiments.)
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COMPOUND SCORES IN THE EVALUATION OF UVEITIS
ACTIVITY - THE STANDARDIZED UVEITIS SCORE
HEIDELBERG

Conclusions: Transmigration of human DCs across human
retinal endothelium is increased as a result of infection with
T. gondii, and this movement is mediated in part by ICAM-1
and VCAM-1. Adhesion blockade may have therapeutic
application in ocular toxoplasmosis.
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PALMITATE INDUCED SECRETION OF IL-6 AND MCP-1
IN ORBITAL FIBROBLASTS DERIVED FROM PATIENTS
WITH THYROID-ASSOCIATED OPHTHALMOPATHY
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Purpose: Often single parameters as best corrected visual
acuity (BCVA) or cell grades are used to judge treatment
effect. This approach is handicapped by not accounting for
many other activity parameters in the different uveitis
subsets. Therefore we created and evaluated two nonparametric uveitis score-systems for uveitis activity.
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Methods: The score-systems consisted of BCVA, anterior
chamber cell count, central retinal thickness-measurement,
IOP, flare, vitreous haze, while SUSH III also contained the
actual steroid dose and flaremeter measurements. 4
different patient selections were analyzed over a period of
one year.
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Results: Over 1 year the TEAM group showed a significant
reduction of 9.69 (p=0.000) for SUSH I and 11.6 (p=0.000)
185

for SUSH III. The ADUR group showed a significant
reduction of 13.47 (p=0.002) for SUSH I and of 17.42
(p=0.000) for SUSH III. In the Myfortic® group a statistic
significant reduction was only found for SUSH III with 3.36
(p=0.037), while in the CellCept® group the reduction was
only significant at the six month follow up visit with 3.42
(p=0.013) for SUSH III. Both research groups showed an
increase in BCVA that stabilized from the 6 month visit on,
while the other two groups had a stable BCVA during the
whole follow up period. A negative correlation could be found
between the BCVA and the SUSH score-systems.

therapeutic approaches involving microRNAs and their
antagonists.

Conclusion: Score-systems are a novelty in the activity
grading of uveitis. They have the potential to improve
evaluation of activity of uveitis and thus creating more
uniformity in outcome measures. In study cohorts where the
reduction of uveitis activity is the main goal, both score
systems have a good predictability of uveitis activity and are
superior to BCVA alone, while in groups formed by daily
clinic patients with stable BCVA SUSH III gives a better
predictability as the steroid dose is taken in account.

R. Bejarano-Escobar , M. Blasco , G. Martin-Partido , J.
3
Francisco-Morcillo
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LIGHT-INDUCED DEGENERATION AND MICROGLIAL
RESPONSE IN THE RETINA OF AN EPIBENTHONIC
PIGMENTED TELEOST
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Constant intense light causes apoptosis of photoreceptors in
the retina of albino fish. However, very few studies have
been performed on pigmented species. Tench (Tinca tinca,
Linneo 1758) is a freshwater epibenthonic teleost inhabiting
dimly lit environments. To test the hypothesis that constant
high intensity light can result in retinal damage in such
pigmented epibenthonic teleost species, photodegeneration
of the retina was investigated in the larvae and in juveniles of
tench to assess whether any damage may also be
dependent on fish age. We exposed both groups of animals
to 5 days of constant darkness, followed by 4 days of
constant 20000 lux light, and then by 6 days of recovery in a
14 h light: 10 h dark cycle. The results showed that the retina
of the larvae group exhibited abundant photoreceptor cell
apoptosis during the time of exposition to intense light,
whereas that of juveniles was indifferent to it. Damaged
retinas showed a strong TUNEL signal in photoreceptor
nuclei, and occasionally a weak cytoplasmic TUNEL signal
in Müller glia. Specific labeling of microglial cells with
Griffonia simplicifolia lectin (GSL) histochemistry revealed
that photoreceptor cell death alerts microglia in the
degenerating retina, leading to local proliferation, migration
towards the injured outer nuclear layer (ONL), and enhanced
phagocytosis of photoreceptor debris. During the first days of
intense light treatment, Müller cells phagocytosed dead
photoreceptor cells, but, once microglial cells became
activated, there was a progressive increase in the
phagocytic capacity of the microglia.
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COMPARATIVE PROFILING OF CIRCULATORY NONCODING SMALL RNAS FROM AQUEOUS AND
VITREOUS HUMOUR AND PLASMA
Z. Smit-McBride, S. Rashid, S. Modjtahedi, A. Yu, S. Park,
D. Telander, L.M. Hjelmeland, L.S. Morse
Ophthalmology, UC Davis School of Medicine, Davis, CA,
USA
Circulatory microRNAs are present in many bodily fluids and
have been identified as an important class of biomarkers in
many diseases. We investigated microRNA profiles in
aqueous and vitreous of normal eyes, and from patients with
either diabetic retinopathy (DR) or Age-related Macular
Degeneration (AMD).
Samples (12) were collected during standard of care
vitreoretinal surgery - 3 aqueous controls, 3 vitreous
controls, 2 diabetic retinopathy (DR) aqueous, 2 DR vitreous,
and 2 wet age-related macular degeneration aqueous.
Controls were 2 macular puckers and 1 displaced lens
surgery samples. Samples were preserved in RNAprotect,
o
and stored at -20 C. MicroRNAs were isolated using the
QIAgen microRNeasy kit, quantified on the Nanodrop and
profiled on Affymetrix GeneChip miRNA 2.0 microarrays.
Data analysis was performed using the miRNAQCtool
(Affymetrix) and the IPA- Ingenuity Pathway Analysis
software.
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COMPARATIVE EVALUATION OF THE ADHESIVE
CAPACITY OFLEUKOSAPPHIRE DRAINAGE VS
SILICONE TUBE IN GLAUCOMA SHUNT SURGERY
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3
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Out of a total of 847 miRNA probes on the GeneChip we
found 25 present in both aqueous and vitreous. An additional
11 were unique for aqueous, and 7 for vitreous. The most
abundant common microRNAs are members of the families
hsa miR-218, regulators of vascular guidance cues; hsamiR-193, intercellular signaling molecules; and miR-let-7,
regulators of retinal Muller glia and retinal regeneration. Both
aqueous and vitreous showed similar abundance for a set of
common miRNAs, while there were some unique ones
specific for diabetic retinopathy and AMD patients. Data will
be presented comparative to plasma microRNA biomarkers.
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Investigation of the leukocytes adhesion makes it possible to
evaluate the suitability of this or that material in implantation
from the position of foreign body reaction development,
incapsulation or scar formation. Comparative study of
adhesive capacity drainage from leukosapphire and silicone
tube in glaucoma tube shunt surgery. Analysis of
biointegrative characteristics of the materials was held in
vitro. External and internal space were included in evaluation
of leukocytes's spontaneous adhesion. The whole blood (30
microliter) was placed in 96-well microtiter plate with test
specimens and control group. It was incubated at 37° C in
shaker with constant agitation during 15, 30, 60 and 120

The comparative profiling of circulatory microRNAs in the
aqueous and vitreous humour have shown that small noncoding RNAs are present in ocular fluids, with variability
related to the presence of either diabetic retinopathy or
AMD. These results offer a rationale for further studies on
the potential use of ocular fluids for diagnostic or ultimately
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minutes. Valuation of leukocytes adhesion index (LAI) was
made using following formula: LAI = (L1 - L2) х100 / L1; L1 reference quantity of leukocytes, L2 - amount of leukocytes
after incubation with the test specimens during the same
time of incubation. Received results were represented in
percents. Investigation of adhesion revealed that the least
amount of cells was attached to the wall of the plate. Both of
the samples possessed the adhesive capacity to the
leukocytes. LAI of the silicone was 1,4 higher than LAI of
leukosapphire(р ≤0,001). The level of cells adhesion of both
samples was the same after 30 minutes of incubation.
Adhesive capacity of silicone was 1,6 higher of that of the
leukosapphire after 60 minutes of incubation and 2,1 higher
after 120 minutes. Thereby it is rational to use leukosapphire
drainage in glaucoma tube shunt surgery because of its
relatively little adhesion capacity and lower probability of
scar formation.

(R09099DS), European Grant “Innochem” (LSHB-CT-2005518167) and ERC starting Grant (ERC-2007 St.G. 210345).
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P015
CCL2/CCR2 AXIS MEDIATES INFLAMMATORY
MONOCYTES RECRUITMENT AND RETINAL
DEGENERATION IN CX3CR1 DEFICIENT MICE
1

1,2,3

1

2

1,2,3

, S.

CCL2 expression (RT-PCR and ELISA) and inflammatory
hi
pos
monocyte infiltration (7/4 F4/80 Cytometry) was analyzed
-/-/-/-/in light-injured Ccl2 , Cx3cr1 and Ccl2 Cx3cr1 mice. The
influence of inflammatory monocyte infiltration on subretinal
Mf/MC accumulation and photoreceptor degeneration was
analyzed using clodronate liposomes and a CCR2 inhibitor.
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hi

pos

While a transient increase of CCL2 and 7/4 F4/80
monocytes was observed in light-injured WT mice, levels of
the chemokine and inflammatory monocytes remained
-/mice. CCL2 was
elevated in experimental Cx3cr1
-/-/-/undetectable in Ccl2 and Ccl2 Cx3cr1 mice and the
hi
pos
monocytosis was completely inhibited. Light7/4 F4/80
induced
subretinal
macrophage
accumulation
and
-/associated photoreceptor degeneration in Cx3cr1 mice was
inhibited by additional CCL2 deletion, CCR2 inhibitors and
liposome-clodronate-induced
depletion
of
circulating
monocytes.

Purpose: Thrombospondin-1 (TSP1) plays a crucial role in
the maintenance of the immune privilege of the eye and has
been described to regulate microglial activation in retinal
injury. We here study the influence of TSP1 on macrophage
survival, and its role in subretinal macrophage clearance.
+/+

2

The CCL2/CCR2 chemokine axis has been shown to
mediate
inflammatory
monocyte
recruitment
in
neurodegenerative disorders. We have shown that subretinal
macrophages/microglial cells (Mf/MC) accumulation in
-/mice
is
associated
with
photoreceptor
Cx3cr1
degeneration. We here investigated intraocular CCL2
+
expression and CCR2 inflammatory monocyte recruitment
-/in Cx3cr1 mice and their influence on photoreceptor
degeneration.

THROMBOSPONDIN-1 CONTROLS MACROPHAGE
CLEARANCE FROM THE SUBRETINAL SPACE
1,2,3

1
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945, Paris, France
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Methods: C57B6 (TSP ) and TSP1-null (TSP1 ) mice
were exposed to light-induced retinal injury. Choroidal and
retinal flatmounts were immunostained for the presence of
IBA1 positive macrophages after 4 days of illumination.
Macrophage clearance from the subretinal space (SR) was
studied in wild type recipient eyes 24h after subretinal
+/+
injection of thioglycolate elicited CFSE stained TSP1 or
-/TSP1 peritoneal macrophages (PM). In vitro cytotoxicity of
TSP1 was assessed by TUNEL quantification of C57B6 and
TSP1-null PM incubated for 6h with recombinant human
TSP1 (rhTSP1).

Our data suggests that subretinal Mf/MC observed in
-/Cx3cr1 mice are recruited from the blood stream via a
CCL2 dependent mechanism.
This work was supported by grants from INSERM, ANR
“Blanc” (AO5120DD), ANR “Maladies Neurologiques et
Maladies Psychiatriques” (R08098DS), ANR “Genopat”
(R09099DS), European Grant “Innochem” (LSHB-CT-2005518167) and ERC starting Grant (ERC-2007 St.G. 210345).

Results: TSP1-null eyes presented a significant increase of
subretinal macrophages that was potentiated by light-injury,
compared to C57B6 eyes. Similarly, subretinal clearance of
-/TSP1 macrophage injected in the SR was significantly
-/inhibited, resulting in a 3fold increase of subretinal TSP1
+/+
macrophages compared to TSP1 macrophages 24h after
injection. Co-injection of rhTSP1 strongly decreased the
-/number of subretinal TSP1 macrophages. In vitro, apoptosis
-/of TSP1 macrophages was inhibited compared to
+/+
TSP1 macrophages, but was restored by exogenous
rhTSP1.
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P016
INFLAMMATORY CHEMOKINE AND COMPLEMENT
RELATED RECEPTOR EXPRESSION IN THE RETINA, IN
RETINAL MICROGLIAL CELLS AND IN CIRCULATING
MONOCYTES OF HEALTHY YOUNG ADULT MICE

Conclusion: Our results show that TSP1, secreted by
macrophages, induces both their apoptosis and clearance
from the subretinal space, which might explain the observed
-/subretinal macrophages accumulation in light-injured TSP1
mice. Our results suggest that macrophages regulate
subretinal inflammation via TSP1 secretion.
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Microglial cells (MCs) and monocytes/macrophages are
implicated in a variety of neurodegenerative and neovascular
retinal diseases. Activation of chemokine receptors are
implicated in trafficking, proliferation and activation of these

This work was supported by grants from INSERM, ANR
“Blanc” (AO5120DD), ANR “Maladies Neurologiques et
Maladies Psychiatriques” (R08098DS), ANR “Genopat”
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cells. Moreover, genetic studies demonstrate that
complement components or regulators, as complement
factor H, are associated with DMLA. We here studied the
expression of chemokines and complement related
receptors to phenotype microglial cells from healthy young
mice.

cataract surgery. CCL2, CCR2 and CD18 immunochemistry
were performed on macular sections of donor tissues with
GA lesions (n=8) and age matched control eyes (n=5).
+
Quantification of subretinal CCR2 positive cells was
measured.
Results: We show that atrophic AMD is associated with
increased intraocular CCL2 levels. The retinal lesions in
atrophic AMD produces CCL2 and inflammatory monocytes
+
+
(CCR2 and CD18 cells) infiltrate the subretinal space of the
atrophic and adjacent retina of GA eyes.

Retina and choroides were dissected from PBS perfused
11week old C57Bl6 animals, dissociated by trypsine and
MCs were purified from retina by anti-CD11b magnetic
high
low
sorting followed by flow cytometry (CD11b /CD45 ).
Circulating or bone marrow monocytes were obtained from
Ficoll and/or Percoll gradient centrifugation and positive
selection by adhesion properties in culture dishes. Peritoneal
high
and
macrophages were sorted by flow cytometry (CD11b
high
F4/80 ). Chemokine and complement related receptor
expression is analyzed by qRT-PCR.

Conclusion: Our results show that GA is associated with
increased intraocular CCL2 production probably due to
CCL2 production in the atrophic lesions and an infiltration
+
with CCR2 inflammatory monocytes. Sustained presence of
+
CCR2 monocytes has been shown to play an important
detrimental role in neurodegenerative diseases such as
multiple sclerosis, experimental autoimmune encephalitis,
and stroke. A similar mechanism contribute to photoreceptor
degeneration in AMD.

Resident retinal MCs express very high level of CX3CR1
and C5L2 compared to monocytes and macrophages. When
compared to the whole retina and choroide, resident retinal
MCs are the main expressing cells in eye for CX3CR1,
CCR1, CCR5, C3aR, C5aR and C5L2. Complement factor H
is highly expressed in resident MCs and choroide. Receptors
CD46, CD55 and CD59, which negatively regulate
complement activation, are poorly expressed in MCs and
mainly expressed by choroide and/or retina.

Acknowledgements: This work was supported by grants
from INSERM, ANR “blanc” (AO5120DD), European Grant
“Innochem” (LSHB-CT-2005-518167), ANR Maladies
Neurologiques et Psychiatriques (ANR- 08-MNPS -003) and
ERC starting Grant (ERC-2007 St.G. 210345)
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These results suggest that retinal MCs from young healthy
adults are sensitive to various chemokine stimulation and
cleavage products of complement component C3a and C5a.
They could negatively regulate the alternative pathway of
complement mainly by the production of complement factor
H.

P018
PARADOXICAL ROLE OF CAVEOLIN-1 IN
INFLAMMATORY MODULATION IN THE RETINA

This work was supported by grants from INSERM, ANR
“Blanc” (AO5120DD), ANR “Maladies Neurologiques et
Maladies Psychiatriques” (R08098DS), ANR “Genopat”
(R09099DS), European Grant “Innochem” (LSHB-CT-2005518167) and ERC starting Grant (ERC-2007 St.G. 210345).

1,2

Recent evidence outside of the eye indicates that caveolin-1
(Cav-1), the resident scaffolding protein of caveolae
membrane
microdomains,
modulates
inflammatory
responses and innate immunity. Cav-1 has potent
immunomodulatory activity through both direct and indirect
regulation of Toll-like receptor (TLR) signaling and through
regulation of nitric oxide signaling. In the uveitic retina
(Hauck et al., 2010, Mol Cell Proteomics), Cav-1 expression
is dramatically upregulated, particularly in Müller glial cells.
However, the role that Cav-1 plays in retinal inflammation
has not been rigorously tested. In the current study, we
examined the effect Cav-1 ablation on the sensitivity of the
retina to inflammation. Preliminary microarray analysis
comparing retina/eyecup preparations from Cav-1 KO and
control mice revealed that a remarkable 37% of mRNAs with
expression levels 2-fold higher in Cav-1 nulls were
associated with immune responses or inflammatory
signaling. Intravitreal challenge with an inflammatory
stimulus, lipopolysaccharide, induced a significant increase
hi
in the number of infiltrating bone marrow-derived (CD45 )
cells in Cav-1 KO retinas compared to controls as measured
by flow cytometry. Given the role of Cav-1 in modulation of
TLR signaling, we predicted that Cav-1 ablation would result
in enhanced TLR4 signaling. However, the protein levels of
chemoattractant effectors downstream of TLR4 (monocyte
chemotactic protein-1/CCL2, CXCL1/KC, interleukin-6, and
interleukin-1b) were all significantly reduced in retinal
extracts from Cav-1 KO compared to control mice. This
paradox suggests that Cav-1 modulates inflammatory
signaling and leukocyte infiltration through multiple, distinct
mechanisms. We hypothesize that Cav-1 expression may
enhance inflammatory signaling while at the same time

+

INTRAOCULAR CCL2 AND CCR2 INFLAMMATORY
MONOCYTES ACCUMULATE IN ATROPHIC AGERELATED MACULAR DEGENERATION
4,5,6

7,8

1

1,2

1

P017

1,2,3

1,2

Ophthalmology, University of Oklahoma Health Sciences
2
Center, Dean McGee Eye Institute, Oklahoma City, OK,
USA

COI/Financial disclosure: Nothing to disclose

1,2,3

S. Lavalette , S. Camelo , C. Auvynet , O. Levy
1,2,3
1,2,3
4,5,6
Raoul , B. Calippe , F. Behar-cohen , X.
1,2,3
7,8,9
1,2,3,10
Guillonneau , C. Combadière , F. Sennlaub

1,2

X. Li , T.M. Boyce , H. Iqbal , M.S. Khan , M.N.
1,2
1,2
1,2
1,2
Mandal , N. Wheatley , M.C. Callegan , D.J.J. Carr ,
1,2
M.H. Elliott

, W.

2

Inserm UMRS 968 / Institut de la Vision, UPMC Univ Paris
3
06, UMR_S 968, Institut de la Vision, CNRS UMR_7210,
4
INSERM UMRS 872 Centre de Recherche des Cordeliers,
5
6
UPMC Univ Paris 06, UMR_S 872, Université Paris
Descartes, UMR_S 872, Centre de Recherche des
7
Cordeliers, INSERM UMR_S 945, Laboratoire
8
d'Immunologie Cellulaire, Université Pierre et Marie Curie9
Paris6, UPMC Univ Paris 06, UMR_S 945, AP-HP, Groupe
10
Hospitalier Pitié-Salpétrière, Service d'Immunologie, HP,
Hôtel Dieu, Service d'Ophtalmologie, Centre de Recherche
Ophtalmologique, Paris, France
Purpose: The chemokine/chemokine receptor axis
CCL2/CCR2 has been shown to mediate inflammatory
monocyte recruitment in a number of neurodegenerative
disorders. We have studied the level of CCL2 and the
recruitment of inflammatory cells in age-related macular
disease (AMD).
Methods: [CCL2] was measured by ELISA in aqueous
humors of 18 geographic atrophy (GA) patients and 22 agematched control patients with no signs of AMD undergoing
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supporting the physical properties of the blood-retinal barrier,
but this remains to be determined.

(SjS) tear fluid without false-positive signaling contributed
from heterophilic antibodies.

Support: NIH grants: EY019494 (MHE), EY012985 (MCC),
EY021238 (DJJC), COBRE grant RR017703, core grant
EY012190; Sybil B. Harrington Special Scholar Award for
Macular Degeneration Research (MHE) and an unrestricted
grant both from Research to Prevent Blindness, Inc.

Methods: Schirmer strips obtained from N and SjS were
extracted and assayed for 16 cytokines and 9 chemokines
using two 96 well micro-well arrays employing a novel
laboratory optimized two-step protocol that was designed to
provide quantitative data as well as to screen for nonspecific antibody signaling. Using synovial fluid samples as a
prototype, the conditions of extraction and dilution were
optimized so as to minimize heterophilic antibody signaling
in the rheumatoid arthritis samples. Based upon these data
Schirmer strips were extracted and assayed under
conditions which suppressed heterophilic antibody signaling
in synovial fluid.
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MODIFICATIONS OF FIBRONECTIN AND LAMININ
PEPTIDES VIA GLYCOLALDEHYDE OR NITRATION:
MODEL SYSTEMS FOR AGING AND INFLAMMATION OF
BRUCH'S MEMBRANE
1,2
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Results: Array analysis first employing a diluent which
allows heterophilic antibody signaling revealed intense
signals for a very broad range of cytokines in ~30-40% of the
SjS tear samples but none of the N tear samples. These
included signals for several cytokines such as IL-17, which
routinely is not detectable in tear samples. Carrying out
analysis in a diluent optimized to suppress heterophilic
antibody signaling resulted in significant to total loss of
cytokine signals in most of the SjS tear samples with ~10 %
of the SjS samples retaining very high levels of signals
limited to IL-1α,-1β, -6,-8, IFNγ and TNFα and several
chemokines.
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Purpose: To investigate modifications of the glycoproteins
fibronectin and laminin from Bruch's membrane when they
are exposed to either glycolaldehyde or nitration. These will
serve as model systems for aging/diabetes and
inflammation, respectively, in age-related ocular diseases.

Conclusions: Elevated levels of heterophilic antibodies in
SjS tear samples can profoundly affect the reliability of
assays giving rise to anomalous findings. The presence of
low but variable levels of heterophilic antibodies in normal
tear fluid can be a major source of error in the assay of
cytokines and other proteins found in low pg/ml range and
therefore affect the reliability of ELISA assays.

Methods: Model peptides were reacted with glycolaldehyde
or sodium nitrite. Tryptic digestion was performed before
analyzing via LC-MS (Thermo Finnigan, LCQ Advantage,
Surveyor; Surveyor LC with PDA detectors, quadrupole ion
trap mass analyzer, electrospray ion source).
Results: Modifications of fibronectin with glycolaldehyde
occurred on lysine and arginine residues via the Maillard
reaction resulting in an increased mass of 42. Modifications
from nitrite to fibronectin and laminin, preferentially occurred
at either tyrosine and/or lysine sites. When nitration occurs
at the tyrosine residue, it produces 3-nitrotyrosine sites with
an increased mass multiple of 45. At the lysine residues, the
nitrite induces nitrosative deamination to produce two
products, either an OH substitution or an alkene, increasing
the mass by 1 or decreasing the mass by 17, respectively.
These modifications can potentially lead to protein crosslinking causing stiffening and thickening of the tissue
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PHOSPHOREGULATION OF CELL VOLUME
REGULATORY TRANSPORTERS IN THE RAT LENS
1,2
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Lens transparency is critically dependent on the ability of the
lens to regulate the volume of its fibre cells. Previous work
from our laboratory indicates the Cation Chloride
Cotransporter (CCC) family to be involved in this process. In
other tissues, the maintenance of steady state cell volume
has been shown to be a balance between ion efflux
mediated by K-Cl-cotransporters (KCC) and influx mediated
by Na-K-Cl (NKCC) and Na-Cl (NCC) cotransporters. The
reciprocal activity of these transporters is regulated by a
phosphorylation pathway mediated by the With no Lysine
Kinase (WNK1, 3, 4) family, that acts upstream to the Ste-20
like Proline/Alanine rich Kinase (SPAK) and Oxidative Stress
Response Kinase 1 (OSR1), while dephosphorylation of the
CCCs is mediated by Protein Phosphatase 1 (PP1) and 2A
(PP2A). Using RT-PCR, we have shown that transcripts for
the regulatory kinases (WNK1, 3, 4, SPAK, OSR1) are
expressed in the rat lens. Western blot analysis revealed low
levels of WNK1 and 4, and relatively more abundant levels
of SPAK and OSR1 expressed in all regions of the lens as
peripheral membrane proteins. PP1 and PP2A were found in
both soluble and peripheral protein preparations in all
regions of the rat lens. Incubation of the whole lens with
Okadaic Acid (PP2A inhibitor) resulted in extensive cell
swelling in the outer cortex and epithelium, while Calyculin A
(PP1 and 2A inhibitor) incubation only affected the
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HETEROPHILIC ANTIBODY SIGNALING AND CYTOKINE
PROFILING IN NORMAL AND SJÖGREN'S TEARS
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Conclusion: The model system identified sites of
modification in fibronectin and laminin either from
glycolaldehyde or nitrite. These types of model systems can
aid in the identification of these modifications in vivo. This
information is essential to advance our understanding of the
changes to the basal lamina of Bruch's membrane in retinal
aging and disease.
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Purpose: This study was designed to investigate the
cytokine and chemokine profiles of normal (N) and Sjögren's
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epithelium. This suggests that under isotonic conditions,
PP2A may be more important in cell volume regulation of the
lens cortex. To assess the phosphorylation status of KCC in
these experiments, antibodies against two key regulatory
phosphorylation sites on KCC3 were produced and applied
to immunoprecipitated lens KCC3. Preliminary results have
shown this as a useful tool that can be used to correlate
KCC activity to damage phenotype.

Background/Aims: Plasmas have been used for a long
time to alter the surface properties of biomaterials.
Atmospheric pressure plasmas enable quick and cost
effective methods for altering the surface chemistry of
materials leaving bulk properties intact. The aim was to use
an APPJ to evaluate if manipulating the surface chemistry of
polymeric materials could reduce PCO following cataract
surgery.
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Methods: The centre of (Poly)methyl methacrylate (PMMA)
and Polystyrene (PS) samples were treated with a plasma
jet. Treated and untreated samples were examined by
contact angle (CA), x-ray photoelectron spectroscopy (XPS)
and scanning electron microscopy (SEM). N/N1003A rabbit
lens epithelial cell (LEC) line was seeding onto samples and
grown for 7 days.

P022
A ROLE FOR WNT-FRIZZLED SIGNALING IN FGFPROMOTED SELF-ASSEMBLY OF LENS CELLS IN
EXPLANT CULTURE
1

1

1

Results: In the centre area (~1.5-1.75mm radius) of treated
PMMA the CA was reduced by up to ~18°, whereas treated
PS was reduced by up to ~62°. XPS showed that the effect
of surface treatment was due to an increase in surface
oxygen content. SEM showed no change in surface
topography. On day 1 LECs attached to treated PMMA and
PS in a defined area. By day 7 LECs had spread past the
treatment area on PMMA but still retain a defined boundary
on treated PS. LEC morphology appeared similar on treated
PMMA and PS to tissue culture plastic control.
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Background and aims: Identifying the conditions required
to promote assembly of lens cells into three-dimensional
structures is fundamental to our understanding of lens
development. Recent studies indicate that aspects of the
coordinated orientation/alignment of lens fibers is regulated
by the non-canonical Wnt-Frizzled/Planar Cell polarity (WntFz/PCP) signaling pathway. The present study used a novel
lens explant culture system to investigate the role of Wnt-Fz
signaling in the orientation/alignment of lens cells.

Conclusion: Plasma surface modification was used to
manipulate the cellular response in defined regions by
incorporating oxygen onto the surface. On PMMA LECs
spread past this defined region by day 7 but remained within
the treated area on PS. LECs appeared to retain their
epithelial morphology on both treatments. Retaining the
epithelial phenotype of LECs may reduce the development
of PCO.

Methods: Epithelial explants were cultured with FGF in such
a way as to induce fiber differentiation but also maintain
islands of epithelial cells. Proliferative activity of epithelial
cells was determined by EdU assay. Disruption of Wnt-Fz
signaling was achieved through application of Wnt inhibitory
factor -1 (WIF-1) and Secreted frizzled-related protein
(Sfrp1). Immunochemical methods were used to determine
expression of Wnt-Fz signaling components and markers of
lens fiber differentiation.

Acknowledgements: EPSRC (Grant no: EP/G048444/1) for
providing financial support to this project and to Dr. John
Reddan for donation of the LEC line.
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Results: FGF-induced fiber elongation was associated with
enhanced expression of Wnt-Fz signaling components: Fz6,
Dvl2 and Dvl3. Elongated lens fibers were polarized towards
islands of epithelial cells that retained a high level of
proliferative activity. In the presence of Wnt-Fz inhibitors the
expression of Fz6 and Dvl2/3 were significantly reduced and
this was associated with suppression of cell elongation,
orientation and accumulation of fiber-specific markers.

INTERACTION OF Α- CRYSTALLIN WITH UV
RADIATION-DAMAGED ΒL- CRYSTALLIN
K. Muranov, N. Poliansky, M. Ostrovsky
Emanuel Institute of Biochemical Physics RAS, Moscow,
Russia
Background and aims: The α-crystallin protein possesses
chaperone-like function and plays a critical role in the
maintenance of lens transparency. However, the molecular
mechanisms that underlie the chaperone-like function of αcrystallin are not clearly understood. In the present study, we
investigated the interaction of α-crystallin with UV-damaged
βL-crystallin.
Methods: A solution containing βL-crystallin was first
irradiated with UVB at 10°C. The damaged βL-crystallin or its
mixture with native α-crystallin (1:1) was incubated at 37°C
for 2 hours. The resulting products were analyzed by sizeexclusion chromatography, sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE), and
Dynamic Light Scattering.
Results: The solution containing UV radiation-damaged βLcrystallin consisted of particles of two diameters, 4 and 22
nm, identified as βL-crystallin and its microaggregates,
respectively. The number of microaggregates increased with
the dose of UV radiation. Incubation of UV-damaged βLcrystallin at 37°C for 2 hours resulted in protein aggregation,
which was completely inhibited by the addition of α-crystallin.
Size-exclusion chromatography revealed three fractions of

Conclusions: By utilizing the lens epithelial culture system
we have identified key elements of an interaction between
fiber cells and epithelial cells. We show that epithelial cells
have a polarizing influence on elongating fibers and that this
is disturbed by inhibitors of Wnt-Fz signaling.
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SURFACE MODIFICATION USING ATMOSPHERIC
PRESSURE PLASMA JET (APPJ) TECHNOLOGY FOR
POTENTIAL INTRAOCULAR LENS (IOL) MATERIALS TO
PREVENT POSTERIOR CAPSULR OPACIFICATION
(PCO)
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41, 75, and 800 kDa in the protein mixture, and the ratio of
these products was 45:10:45, respectively. SDS-PAGE
analysis revealed that the 41 kDa fraction consisted of a
mixture of native and damaged βL-crystallin, the 75 kDa
fraction contained a mixture of α-crystallin and damaged βLcrystallin in a ratio of 1:2, and the 800 kDa fraction was
predominately comprised of α-crystallin, but also contained
approximately 5% damaged βL-crystallin. The 800 kDa peak
could be resolved into two fractions containing particles of
14.4 ± 0.2 nm and 12 ± 0.1 nm in diameter.

recovery speed for the CCO activity and ATP production in
HLE cell.
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POSSIBLE ROLE FOR EXTENSIVE FORMATION OF
AQUAPORIN JUNCTIONS IN PRESERVING LENS
TRANSPARENCY IN CAV1-KO MICE
1,2

1
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2

Background
and
aims:
Freeze-fracture
studies
demonstrate that AQP0 are assembled into square arrays to
form asymmetrical aquaporin junctions (AJs) between
mature fiber cells. These junctions are specifically
associated with undulating tongue-and-groove membrane
surfaces, and are suggested to play adhesion function. Here
we examined the possible role for extensive formation of AJs
in preserving lens transparency in Cav1-KO mice. Caveolin1 plays a role in regulating cholesterol transport in many cell
types.

[crystallin_scheme.jpg]
Conclusion: Obtained results led us to propose a new
scheme for the chaperone-like function of α-crystallin.
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Methods: Lens cell morphologies from Cav1 WT and KO
mice (7 days to 22 months old) were studied with various
microscopic techniques, immunogold labeling and filipin
cytochemistry for cholesterol detection.

P025
ADVERSE EFFECT OF EXCESSIVE NITRIC OXIDE ON
CYTOCHROME C OXIDASE IN UPL RAT LENS AND
HUMAN LENS EPITHELIAL CELLS

Results: Light microscopy showed that Cav1-KO mice did
not exhibit any detectable lens opacity before 18 months old.
SEM revealed that extensive AJs were abnormally formed in
outer cortical fibers (~200µm deep) in Cav1-KO mice
beginning at 1 month old. This abnormal pattern almost
covered entire fiber cell membrane surfaces throughout all
ages studied. In contrast, abundant distribution of AJs was
restricted to deeper mature fibers (~500µm deep) in the
same-age WT mice. Although extensive AJs significantly
altered cortical fiber cell morphology, all fiber cells remained
closely packed and no light-scattering globules were found.
Transmission EM confirmed that undulating AJs of altered
fiber cells made tight contact with neighboring cells. Freezefracture and immunogold studies showed that square arrays
(AQP0) were specifically associated with newly-formed AJs.
Cholesterol was found asymmetrically distributed along
undulating AJs.

N. Nagai, Y. Ito
Faculty of Pharmacy, Kinki University, Osaka, Japan
Background and aims: We previously reported that the
decrease in ATP contents in hereditary cataract UPL rat
lenses take place during cataract development, and that
these changes can be prevented by the oral administration
of inducible NO synthase (iNOS) inhibitors (Nabekura et al.,
Toxicology 197, 177-183, 2004). In the present study, we
investigated the changes of cytochrome c oxidase (CCO) in
UPL rat lenses during cataract development. Moreover, we
demonstrate the precise relationship of excessive nitric oxide
(NO) and CCO using human lens epithelial cell line SRA
01/04 (HLE cells).

Conclusions: This study indicates that marked changes in
fiber cell morphology do not cause detectable lens opacity in
Cav1-KO mice. It is suggested that the resulting extensive
AJs provide added adhesive support between fiber cells to
maintain compactness and transparency despite significant
cell-shape changes. The Cav1-KO mice would be useful for
critically examining the formation process and roles of AJs in
maintaining normal lens membrane architecture.

Methods: The iNOS mRNA expression and NO levels were
measured by the quantitative real-time RT-PCR method and
NO analyzing HPLC system (Eicom Corp., Kyoto, Japan),
respectively. The CCO activity was determined by the
colorimetric method, and the ATP level was measured by the
luciferin-luciferase bioluminescent method.
Results: The expression of CCO-1 mRNA and CCO activity
in UPL rat lenses decreased during cataract development,
and the oral administration of NOS inhibitor attenuated the
decrease in CCO-1 mRNA expression and CCO activity. In
human lens cell, the iNOS mRNA and NO release in HLE
cells were observed, and the CCO activity and ATP levels
were decreased by HLE cells stimulated with the interferongamma (IFN-γ, 1000 IU) and lipopolysaccharide (LPS, 100
ng/ml). These decrease in CCO activity and ATP level in 624 h-stimulated HLE cells are rapidly attenuate by addition of
NO inhibitor. On the other hand, these changes in 30 hstimulated HLE cells are gently recovered by DDC and AG
than those of 6-24 h-stimulated HLE cells.

COI/Financial disclosure: Nothing to disclose

Conclusions: Excessive NO in HLE cell causes the
inhibition of CCO activity, resulting in a decrease of ATP
production. In addition, the stimulation time of NO relates the
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Methods: Phacoemulsification and IOL implantation was
performed in 30 eyes of 15 consecutive patients with
anisometropic amblyopia for presbyopic correction. Distance
and near visual acuities, contrast sensitivity, defocus curves,
extent of crowding, reading speed, stereo acuity and Quality
of Vision questionnaire scores were evaluated preoperatively
and three monthly during a 12-month follow-up.

P027
NON-INVASIVE MEASUREMENTS OF THE GRADIENT
INDEX (GRIN) DISTRIBUTION IN THE HUMAN
CRYSTALLINE LENS USING MAGNETIC RESONANCE
IMAGING (MRI)
1,2

2
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A +3.00 diopter (D) reading addition (add) IOL was used in
all eyes.
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Results: 28 eyes of 14 patients were included after 1 patient
was lost to follow up. 12 months after surgery and laser
retreatment in non-amblyopic eyes, 13 eyes, (93 % of eyes)
achieved monocular uncorrected distance visual acuity of
0.2 LogMar or better (0.16 +/- 0.17 LogMar) and near acuity
of M 0.5 (J2) or better with correction, including 3 (21 %)
eyes achieving M 0.4 (J1) or better (0.53±0.15 M units).
Corrected distance visual acuity in non-amblyopic eyes was
- 0.02 +/- 0.07 LogMar. In the amblyopic eyes, 13 eyes, (93
%) achieved monocular uncorrected distance visual acuity of
0.3 LogMar or better (0.30 LogMar (+/- 0.14 LogMar) and
near acuity of M 0.8 (J4) or better with correction, including 9
(64%) eyes achieving M 0.6 (J3) or better M units).
Corrected distance visual acuity in amblyopic eyes was 0.21
+/-0.11 LogMar. Bilateral reading speeds (137.73 +/- 28.7
words per minute) surpassed unilateral non-amblyopic eye
speeds (130.6 +/- 29.4 words per minute). No glare or halos
were reported with only one patient suffering mild starburst
symptoms at one year. Patients rated both distance and
near vision as excellent.

Unlike a conventional glass or plastic lens, where refraction
of light takes place only at the surfaces, the eye lens exhibits
a refractive index distribution, so that refraction occurs
continuously through the lens. Using optical methods, to
date it has not been possible to measure the refractive index
distribution through the crystalline lens non-invasively
without making assumptions about the form of the
distribution. We have developed an MRI technique that for
the first time allows us to map the gradient index (GRIN)
1
distribution of human eye lenses non-invasively both in vitro
2
and in vivo and to investigate changes with age and state of
accommodation. The results provide new insights into the
aging of the lens and the origins of presbyopia - the loss of
the ability to focus on near objects (i.e. to 'accommodate')
with age.
We have also shown that NMR micro-imaging of the human
3
eye can provide biometric data of value in developing new
methods for restoring accommodation and the treatment of
refractive errors such as myopia (short sightedness).
Conventional optical methods such as slit lamp photography
and phakometry are unable to fully characterise changes in
lens shape and equatorial radius with age and state of
accommodation due to their inability to image behind the iris.
Accurate measurements of lens thickness and the axial
length of the eye (important in myopia) are also subject to
uncertainties arising from incomplete knowledge of the
refractive index distribution. Likewise, ultrasound methods
for measuring eye dimensions are subject to uncertainties in
the (age-related) speed of sound in the lens.

Conclusion: Bilateral implantation of M-Plus multifocal
lenses may be beneficial in mild to moderate anisometropic
amblyopic patients
COI/Financial disclosure: Professor J Moore has had
travel paid for by Topcon who market the MPLUS IOL; there
is no other current financial or proprietary interest in any of
the products, methods or materials mentioned
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FGF9 SIGNALING REGULATES EXPRESSING OF
CRYSTALLIN GENES AND LIM2 DURING LENS FIBER
DIFFERENTIATION
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REFRACTIVE LENS EXCHANGE WITH THE
MULITFOCAL M-PLUS LENS IN MILD TO MODERATE
ANISOMETROPIC AMBLYOPIC PATIENTS
1

2

2

2

Aims: Fibroblast growth factor (Fgf) signaling plays a crucial
role in many developmental processes. Among the Fgf
pathway ligands, Fgf9 participates in maturation of various
organs and tissues including the eye. We recently
Y162C
mutant mouse line Aca12 in
established the novel Fgf9
a dominant N-ethyl-N-nitrosourea (ENU) screen for eye-size
abnormalities. Aca12 was originally identified because of its
significantly reduced lens thickness that goes along with
age-related cataract formation. In this study, we investigated
Y162C
on cell proliferation and
putative consequences of Fgf9
differentiation during lens development.
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Methods: Relative gene expression in ocular tissues of
E12.5 mouse embryos was determined by Real-time PCR.
Lens size and transparency of four-month-old mice was
analysed by optical low coherence interferometry and
Scheimpflug imaging, respectively.

To evaluate visual and refractive outcomes in amblyopic
patients implanted binocularly with a multifocal intraocular
lens (IOL) with a surface-embedded near section.
Design: Prospective comparative case series.

Results: Our gene expression studies showed that the
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transcription factors Pax6, Six3, and Mab21/1 of the lens cell
proliferation pathway are regularly expressed in ocular
tissues of homozygous Aca12 embryos. Concerning lens
fiber differentiation, we found a regulation of Sox2 (reduced
to 50%) and Prox1 (increased to 318%) that resulted in a
down regulation of the Sox2/Prox1 target genes CrygD
(crystallin gamma D; reduced to 64%) and Lim2 (lens
intrinsic membrane protein 2; reduced to 76%).

Posterior capsule polishing with the capsule polisher cannula
is safer and more effective in preventing PCO then the
polishing of posterior capsule with the I/A probes.
During the polishing of posterior capsule with the I/A probes
can occur minor incidents.
COI/Financial disclosure: Nothing to disclose

We further investigated lens size and transparency of adult
S47P
C51R
and Aca12/Lim2
compound mutant
Aca12/Cryba2
mice. Pathologic reduction of lens thickness was increased
between 6.6% and 22.1% compared to the situation in
S47P
C51R
, and Lim2
single mutants. Moreover,
Aca12, Cryba2
we found a further increase of mean lens density between
12.6% and 39.8%. These data confirmed an interaction
between Fgf9 signaling and expression of Cryba2 and Lim2
in the developing lens.

P031
STRCTURAL INVESTIGATION OF ΒB2-CRYSTALLIN
AND ITS COMPLEX IN AN AQUEOUS SOLUTION
M. Sugiyama, N. Fujii, N. Fujii
Research Reactor Institute, Kyoto University, Kumatori,
Japan

Conclusions: Taken together, the results of our study
demonstrate that Fgf9 signaling plays a role in regulating
components of the lens fiber differentiation pathway.

Crystallin is a main component of eye lens proteins. There
are three kinds of crystallins in human eye lens, α-crystallin,
β-crystallin and γ-crystallin. α-Crystallin, the largerst proten
among three crystallins, belongs to a family of heat shock
proteins and it therefore works as a chaperon to repair the
other proteins. On the other hands, the functions of β- and γcrystallins have not been clarified yet. To understand their
roles and functions in eye lens, as the first step, we begin to
clarify their structures with or without α-crystallin in an
aqueous solution.

COI/Financial disclosure: Nothing to disclose
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PREVENTION OF POSTERIOR CAPSULE OPACIFIATION
IN CATARACT SURGERY OF HIGHLY MIOPIC EYES
1

D.M. Macarie , S.S. Macarie

2

It is well-known that protein structure can be determined with
high resolution by single crystal X-ray diffraction method.
However, it is difficult to reveal the protein structure in the
aqueous solution with this method. Therefore, we employed
a small-angle neutron scattering (SANS) method for this
propose, the clarification of protein structure in an aqueous
solution. Neutron is a soft probe for the sample, not to make
less radiation damage on the protein.

1
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2
Ophthalmology, U.M.F. 'Iuliu Hatieganu', Cluj-Napoca,
Romania
Aim: The purpose of this issue is to asses the incidence of
posterior capsule opacification (PCO) and to asses the
efficiency of preventing methods of PCO after cataract
surgery in highly myopic eyes.

The experimental SANS profile of βB2-crystallin is different
from that calculated with the structure revealed by single
crystal X-ray diffraction. It means that the structure of βB2crystallin is changed in an aqueous solution. To clarify this
change, we developed reverse Mote Carlo (RMC) code and
analyzed the SANS data more precisely. As a result, it was
suggested that the distance of two domains of βB2-crystallin
becomes 10 Å closer than that in the crystal. In addition, the
distance is also fluctuated, indicating the existence of the
dynamics of two domains. In the presentation, we also report
the structure of the complex of α-crystallin and β-crystallin.

Method: We studied the incidence of PCO at 83 highly
myopic eyes which suffered
phacoemulsification and posterior chamber IOL implantation.
The overall age of the
patients was between 37 and 71 years (average age 56
years) . The patients presented nuclear, subcapsular or
mature cataract, with different nucleus hardness.
Phacoemulsification was performed with 2.2 mm incision
and foldable monofocal or multifocal posterior chamber
intraocular lens were implanted.. To prevent PCO, polishing
of posterior capsule was made with capsule polisher canula
in 39 pacients and with the irrigation - aspiration (I/A) probes
in 44 patients.

COI/Financial disclosure: Nothing to disclose
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Results: PCO appeared at 7 patients ho suffered cataract
surgery by

PREDICTED LIGHT SCATTERING FROM
ULTRASTRUCTURAL FEATURES OF HUMAN LENS
FIBER CELLS

phacoemulsification (8,4%). Most of those patients
presented posterior subcapsular cataract before surgery.
The mean period in which PCO appeared was 6 - 11 months
after surgery. PCO appeared more frequently after polishing
of posterior capsule with I/A probes. Minor incident occurred
during the polishing of posterior capsule with the I/A probes
in 2 cases, consisting in catching of the posterior capsule in
the aspiration probe
Conclusions:
The
incidence
of
PCO
phacoemulsification of highly myopic eyes is 8.4 %
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2
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2
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3
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4
NC, USA, Prof. Brien Holden Eye Research Centre, L V
Prasad Eye Institute, Hyderabad, India
Aims: Correlate the ultrastructural details of fiber cells with
the predicted light scattering. Most fiber cells are separated
by thin membrane pairs that contribute very little to light
scattering in transparent lenses. The cytoplasmic texture is
usually smooth, consistent with close packing of cytoplasmic
crystallins and minimal light scattering. The contributions of

after

PCO occures more frequently in nuclear and subcapsular
cataracts.
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specific disruptions of fiber cells in different cataract types
can be estimated employing the appropriate light scattering
theories.

formed from coalescence of these isolated vesicles were
also common. High magnification view shows these vesicles
to have a single continuous bilayer membrane. The single
membrane vesicle is a form of cell breakdown not commonly
seen in adult human lens nuclei or age-related nuclear
cataracts.

Methods: Vibratome sections of fresh transparent donor
lenses and nuclear cataracts were examined using thin
section transmission electron microscopy, which displays
ultrastructural details of membrane junctions, the
extracellular space (ECS), cytoplasmic cryatallin packing
and cellular disruptions. The calculated scattering from
membranes was analyzed with the Herpin method, from
cytoplasm using the Debye-Bueche theory and for globular
particles using Mie scattering theory.

Conclusions: Developmental nuclear cataract has
distinguishing ultrastructural features. Multivesicular defects
appear to be derived from focal disruptions of cells along
membranes. High density and low density particles in
multivesicular defects contribute to light scattering. The
vesiculation is a characteristic feature of this developmental
cataract.

Results: The magnitude and scale of the fluctuations in
refractive index (or mass density) are key to predicting light
scattering. In hypermature cataracts the most obvious
feature is that ECS is enlarged beyond the optimum (of
about 25 nm) and causes significant predicted scattering.
For white cataract the ECS appears near the optimum but
the cytoplasm is significantly textured and 1-6µm diameter
globular regions of disrupted membrane debris are
numerous, which is predicted to be a major source of
scattering. In black cataracts the density of yellow-brown
pigment is so high that minimal light is available for image
formation, although the structure of the core is not seriously
disrupted and is similar to age-related nuclear cataracts.
Both have 1-4µm diameter spherical multilamellar bodies,
which can increase forward scattering that affects image
formation and, at the highest concentration in excess of
3
200k/mm , would cause opacification.
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CATARACTS AND SMALL LENSES IN CX50D47A MICE
ARE ASSOCIATED WITH REDUCTIONS OF LENS FIBER
CONNEXINS AND IMPAIRED CELL DIFFERENTIATION
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Mutations of the lens fiber gap junction proteins Connexin50
(Cx50) and Connexin46 (Cx46) have been identified in
association with inherited congenital cataracts. The
autosomal dominant inheritance of these cataracts appears
paradoxical, since mice that are heterozygous for null
mutations of either connexin are normal. We have sought to
determine how a lens fiber connexin mutation results in a
worse phenotype than simple loss of function by studying
No2 mice which carry the Cx50 mutation, Cx50D47A.

P033

Lenses of both heterozygous and homozygous Cx50D47A
mice had cataracts and were smaller than the lenses of wild
type littermates. All homozygotes had pronounced nuclear
cataracts, while the cataracts were less severe and varied in
size in heterozygous mice. Histological examination showed
normal appearance of the superficial and deep cortical
regions of lenses from heterozygous and homozygous mice.
However, the lenses of Cx50D47A mice showed the
persistence of nuclei and the presence of abundant nuclear
remnants in deep regions of the lens. Immunofluorescence
microscopy showed membrane localization of Cx46, Cx50
and aquaporin0 in all three genotypes. However,
immunoblots revealed that the levels of Cx50 in
heterozygous and in homozygous animals, were severely
reduced to less than 20% of those in wild type mice. Cx46
levels were also decreased in mice carrying one or two
Cx50D47A alleles although to a lesser extent than Cx50.

ULTRASTRUCTURE OF A HUMAN DEVELOPMENTAL
CATARACT: PRELIMINARY OBSERVATIONS
2

2

2
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Conclusions: Regardless of the etiology of cataracts,
specific fiber cell damage can be identified and theoretical
predictions can account for the observed light scattering.
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Aims: To identify the characteristic ultrastructural damage in
a human developmental nuclear cataract after extracapsular
extraction. Common age-related nuclear cataracts are
compared with the less common developmental cataract.
Methods: A fresh human lens nucleus specimen of a
developmental cataract (4.96 mm x 2.04 mm), obtained
following extracapsular cataract removal, was preserved
according to a short fixation protocol developed earlier
(Costello et al, ARVO 2012). Age-related nuclear cataracts
were processed with the same procedure. After storage for
about five months, the samples were Vibratome sectioned,
immersion fixed and en bloc stained with osmium tetroxide
and uranyl acetate prior to dehydration and embedding in
epoxy resin. In 70 nm sections of the fetal nuclear region,
fiber cells were imaged with a CCD camera on a Tecnai 12
transmission electron microscope.

These results demonstrate that expression of Cx50D47A
leads to decreased levels of lens fiber cell connexins and
incomplete denucleation of lens fiber cells. They suggest
that interaction of Cx50D47A with wild type Cx50 and Cx46
leads to their degradation. This would result in a severe
decrease in the abundance of functional connexin channels
and
subsequent
impaired
differentiation
and
cataractogenesis.
COI/Financial disclosure: Nothing to disclose

Results: The cellular defects in the fetal nuclear region
along the optic axis were typically 1-10 µm in size, and were
numerous enough to cause the nuclear opacity. Each defect
appears to be a vesicle partially filled with cellular debris, the
adjacent fiber cells appearing normal. Multivesicular defects
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obtain lens specific PI3K knockout animals. These mice
were crossed with Cx50 knockout animals to generate
double knockouts. Lenses of littermates were dissected,
weighed, and lens volumes were calculated from the
measured diameters. We have previously shown that
deletion of Cx50 resulted in a statistically significant
reduction of lens size by ≥40% due to reduced postnatal
proliferation. Lens specific knockout of PI3K also produced a
statistically significant reduction of lens size by ≥30%.
Double deletion of PI3K p110alpha and Cx50 caused a high
rate of lens rupture (92% at 5 weeks, n=42). The few lenses
that had not ruptured were ≥60% smaller. These data
suggest that the lens growth defects following Cx50 or PI3K
deletion are additive. Furthermore, the increased incidence
of lens rupture and in vitro regulation of Cx50 coupling by
PI3K suggests that these two genes may interact in
maintaining lens homeostasis. Supported by NIH grant
EY13163.
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CONSEQUENCES OF WNT/Β-CATENIN SIGNALING
ACTIVATION IN DEVELOPING LENS
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Background and aim: β-catenin is the key component of
cadherin mediated cell adhesion as well as the central
molecule of canonical Wnt/β-catenin signaling pathway.
Proper regulation of Wnt/β-catenin signaling during eye and
lens development is critical for its formation. The aim of this
study is to investigate consequences of constitutive Wnt/βcatenin signaling activation in different stages of lens
development.
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Methods: To activate Wnt/β-catenin signaling during later
stages of lens development we have employed Cre/loxP
system to stabilize β-catenin. In addition, in order to study
only transcriptional output of β-catenin during lens
development we used transgenic mouse line called CLEF in
which transactivation domain of β-catenin is fused to the
amino terminus of DNA-binding protein LEF. Lens
phenotype
was
investigated
by
histology,
immunohistochemistry and qRT-PCR.

INFLUENCE OF RTK-ANTAGONISTS ON GROWTH
FACTOR-INDUCED CELLULAR PROCESSES INVOLVED
IN LENS GROWTH AND PATHOLOGY
F.J. Lovicu, S. Jee, E.H. Shin, G. Zhao, J. Boros, J.W.
McAvoy
Anatomy & Histology (F13), University of Sydney, Sydney,
NSW, Australia

Results: β-catenin stabilization at E10.0 in whole lens
results in total disruption of lens morphology. Lens fiber
markers (such as crystallins) are present at E13.5 but lens
epithelial cells are completely missing. There is high
proliferative activity and apoptosis in original lens region. βcatenin stabilization at a later stage (E12.0) exclusively in
lens fibers has no obvious lens phenotype during embryonic
development but weaned mice have small eyes and lens
morphology is disturbed.On the other hand constitutive
activation of Wnt/β-catenin via expression of transgenic
protein CLEF in lens fiber cells results in abnormal and
delayed fiber cells differentiation. Moreover adult mice
expressing
CLEF
protein
develop
cataract
and
microphthalmia.

Cellular processes leading to differentiation, growth and
maintenance of the lens are tightly regulated by receptor
tyrosine kinase- (RTK-) signaling, that in turn is regulated by
selective antagonists, including members of the Sef, Sprouty
and Spred families. Each of these are expressed in lens with
predominant expression in the epithelium. As epithelial cells
differentiate into fibers, expression of these antagonists is
reduced or lost; currently it is not known if this is required for
the cell differentiation process or merely a consequence of
it? We favour the former and propose that the differential
expression of RTK antagonists in the lens is important for
tightly regulating growth factor-mediated cellular processes
and maintaining lens architecture. In situ studies from our
laboratory lend support to this, with overexpression of Sef in
the lens, for example, resulting in impaired fiber
differentiation and disruption to lens morphogenesis. Other
studies demonstrate that the loss of Sprouty compromises
lens architecture and leads to a lens epithelial-mesenchymal
transition (EMT) and subsequent anterior subcapsular
cataract, similar to that induced by TGFß. Overexpression of
Sprouty in lens cells can in turn block TGFß-induced EMT
and subsequent cataract. Based on these findings, Sef and
Sprouty can be considered as negative regulators of lens
fiber differentiation and EMT. As a means of better
understanding the specific role of these different RTK
antagonists, the present study examined the efficacy of Sef,
Sprouty and Spred in blocking either FGF-induced lens fiber
differentiation or TGFß-induced EMT. Our studies show that
each of the antagonists, to differing degrees, compromised
the cellular processes important for the normal growth,
architecture and transparency of the lens. Further
investigations will help identify the precise molecular
mechanisms involved in regulation of lens cell behaviour,
potentially leading to strategies for preventing the onset
and/or progression of cataractogenesis.

Conclusions: These results suggest that activation of
Wnt/β-catenin signaling in different time points of lens
development has various effect on lens development.
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INTERACTION BETWEEN PHOSPHOINOSITIDE 3KINASE AND CX50 IN THE POSTNATAL LENS
C. Sellitto, L. Li, R.Z. Lin, T.W. White
Physiology, Stony Brook University, Stony Brook, NY, USA
Connexin mediated coupling and signal transduction
pathways have both been shown to play critical roles in lens
growth and development, but little is known about possible
interactions between these two intercellular communication
systems. To investigate how gap junctional communication
and signal transduction pathways work together during
postnatal lens development, we have measured Cx50
mediated coupling in the presence and absence of specific
blockers of the PI3K catalytic subunit p110alpha (PIK-75)
and its effector Akt (Akt inhibitor VIII). Pharmacological
inhibition of either PI3K, or Akt, significantly inhibited Cx50
mediated intercellular communication in vitro. We also
flox/flox
mice to
interbred MLR10 Cre mice with p110alpha
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well known post-transcriptional mechanism. Studies of
oxygen regulation of subunit biosynthesis often generated
contradictory results.

P038

Since ocular tissues are functioning in a low oxygen
environment we studied expression of ferritin chains in lens
epithelial cells (LEC) cultured in normoxic and hypoxic (0.5%
oxygen) conditions for 6 or 24 h. Hypoxia significantly
reduced the number of copies of H-ferritin chain m-RNA by
33 and 78% at 6 and 24 h respectively as measured by
QRT-PCR. Message for L-ferritin chain was not changed at
6 h and was reduced by 40% at 24 h. Protein levels did not
reflect these changes. Western analysis showed only a 20 %
decrease in H-ferritin protein levels after 24 h exposure to
hypoxia. Levels of L-ferritin in hypoxic LEC were even higher
(40%) at 24 h time point in comparison to normoxic cells.
59
Total iron uptake from Fe-transferrin by LEC was not
affected by hypoxia. However, during the first 6 h of hypoxia,
ferritin in LEC stored 60% more iron than ferritin of LEC
cultured in normoxic conditions. There were no differences in
deposition of Fe into ferritin at 24 h.

MUTATION SCREENING OF FOUR CAUSATIVE GENES
IN KOREAN FAMILIES WITH CONGENITAL CATARACT
K.-Y. Hwang
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Purpose: To investigate the genetic basis of the congenital
cataract, we were screened mutations of four causative
genes, the paired box gene 6 (PAX6), Heat-shock
transcription factors 4 (HSF4), Major intrinsic protein (MIP),
Gamma-crystallin D (CRYGD), in Korean patients with
congenital cataract.
Methods: Genomic DNA was extracted from blood samples
of 97 patients of 43 families with congenital cataract visited
the Department of Ophthalmology at the Seoul St. Mary's
Hospital. To screen of genetic variation, all exons of PAX6,
HSF4, MIP and GRYGD genes were performed using
polymerase chain reaction and direct sequencing. Control
individuals were selected from the general population
without cataract.

Hypoxia significantly decreased transcription of the H-chain
gene DNA and had smaller effect on a transcription of Lchain gene. Decreased message did not significantly affect
protein synthesis during 24 h of exposure or the ability of
ferritin to store iron.
Although physiological significance of these hypoxia-induced
changes is not clear they demonstrate the oxygendependent, differential regulation of ferritin chain expression.

Results: We screened two transcription factor genes (PAX6,
HSF4), one crystalline gene (CRYGD) and one major
intrinsic protein of lens fiber (MIP). In PAX 6 gene, we found
six nonsynonymous mutations and one synonymous in exon
6 and four intragenic mutations. Among them, three
nonsynonymous mutations, P69T, G100E, C112Y, and one
synonymous mutation, P68P, were detected in one large
family (CC_Y family). Other mutations, W100R, L106S and
G110R, were detected three families, respectively. In HSF4
gene, a novel mutation, EX4+40G>A, was identified in CC_Y
family, which results in substitution of a alanine residue by
threonine at codon 40 (A40T). And D370E and H373D
mutations were also detected in one family (CC_P). Two
intragenic mutation, IVS3-17g>a and IVS6+98c>a, were
detected in two families. From mutation screening of MIP,
we detected two synonymous mutations in three families. In
CRYGD, R140Q mutation was detected in one family. And
also we detected two non-exonic mutations, IVS1-7c>g and
3UTR+12t>c, and two synonymous mutations (Y17Y and
R95R). These mutations were not found in control
individuals.
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THE ROLE OF FYCO1 IN LENS AND RETINAL
AUTOPHAGY
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FYCO1 is an autophagy mediator that aids in transport of
autophagosomes to lysosomes where their cargo is
degraded. Recently, mutation of the fyco1 gene has been
shown to be associated with autosomal recessive human
cataracts suggesting a critical function for FYCO1 in the lens
and potentially other ocular tissues. As a step towards
establishing the role of FYCO1 in the lens and possibly other
ocular tissues, we have examined the spatial localization
patterns of FYCO1 in the embryonic mouse eye by
immunohistochemistry and examined its sub-cellular
localization pattern in cultured human lens cells (HLEB3) by
immunofluorescence staining relative to the expression of
other autophagy components including LC3. We also
examined FYCO1 in microdissected lens components by
RT-PCR and at the western blot. Our data indicate that
FYCO1 is present throughout the embryonic mouse lens
where it is highly detected in the transitional zone and
differentiated lens fibers. FYCO1 was detected throughout
the whole mouse eye especially in the photoreceptor layer of
the retina. Consistent with its localization pattern in other
cells FYCO1 is co-localized to lysosomes, autophagosomes
and is highly enriched in the perinuclear region. These data
provide evidence that FYCO1 plays an important role in
autophagy of multiple ocular tissues likely to be important for
their maintenance and function.

Conclusions: The findings in the present study suggest that
PAX6, HSF4 and CRYGD mutations are a genetic
susceptibility factor for the development of Korean patients
with congenital cataract.
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HYPOXIA DIFFERENTIALLY AFFECTS EXPRESSION OF
H- AND L- FERRITIN CHAINS IN CULTURED LENS
EPITHELIAL CELLS
M. Goralska, L.N. Fleisher, M.C. McGahan
Department of Molecular Biomedical Sciences, North
Carolina State University, Raleigh, NC, USA
Cellular metabolism of iron and oxygen are interconnected.
Ferritin, the iron storage protein which consists of 24
subunits of two types, light (L) and heavy (H) is at the center
of iron and oxygen metabolism. Iron storage in ferritin
requires oxygen, which forms deposits of iron-oxy
biominerals in ferritin cavity. Iron induces ferritin synthesis by
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utilised by avascular tissues of the anterior eye. It follows
that when this lenticular reservoir of GSH is eliminated, as in
the case of cataract surgery, there will be a reduction in GSH
availability to the anterior ocular tissues. These tissues may
be rendered more susceptible to oxidative stress and the
development of subsequent ocular pathologies indicating
that GSH supplementation post cataract surgery may be a
strategy for preserving long term ocular health.
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EXPRESSION OF P53 AND CASPASE 3 IN THE LENS
EPITHELIUM AND CORTEX AFTER IN VIVO EXPOSURE
TO SUBTHRESHOLD DOSE OF UV-B RADIATION
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P043
AGE-RELATED MODIFICATION OF ΓS CRYSTALLIN
AND IMPLICATIONS FOR NORMAL MEMBRANE
FUNCTION

Purposes: To investigate p53 and caspase 3 mRNA
expression and p53 protein expression in the lens epithelium
and cortex after in vivo exposure to subthreshold dose of
UV-B radiation around 300 nm.
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Methods: Twenty two 6-week-old female albino Sprague2
Dawley rats were exposed to subthreshold dose (1 kJ/m ) of
UVR unilaterally and sacrificed at 120 h after exposure.
Lenses were dissected on the lens epithelium and the cortex
regions. Light microscopy, qRT-PCR and Western Blot were
used to investigate lenses.

A mature lens fibre cell has no protein turnover and, as a
result, proteins in the nucleus of a human lens are as old as
the individual. With age these proteins undergo a range of
post-translational modifications such as racemisation (Hooi
and Truscott, 2011), deamidation (Wilmarth et al., 2006) and
truncation (Santhoshkumar et al., 2008) which can lead to
denaturation, aggregation and precipitation.

Results: Hematoxylin and eosin-stained paraffin sections of
exposed and nonexposed lenses showed no lens epithelial
cells remained on the lens cortical fiber cells after lens
capsule removal. p53 and caspase 3 mRNA expressions are
increased in exposed lenses, both in the lens epithelium and
the cortex regions. Protein p53 is increased in exposed lens
epithelium while p53 is present in neither exposed nor
nonexposed cortex.

γS Crystallin is an abundant lens protein and maintenance of
its structure appears to be crucial for normal lens function.
Single amino acid substitutions are involved in hereditary
human cataract (Sun et al., 2005; Vanita et al., 2009). The
aim of this project was to map the modifications of γS
crystallin with age using Western blotting and HPLC. With
age gS crystallin was found to be extensively modified by
truncation and non-disulfide crosslinking. By the age of 50
little, if any, unmodified gS crystallin remained in the human
lens. A major modification was found to be truncation of the
C-terminus giving a small peptide. With age this peptide was
found to associate closely with the lens membrane.
Investigations using a vesicle model system showed this
peptide to induce membrane permeability similar to that
observed in the aging lens (Zhu et al., 2010).

Conclusions: Exposure to UVR-B increases mRNA
transcription of apoptosis indicators p53 and caspase 3 in
vivo in both regions of the lens. Exposure to UVR-B
increases p53 protein expression in the lens epithelium.
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CHARACTERISING GLUTATHIONE EFFLUX PATHWAYS
IN THE RAT LENS: EVIDENCE FOR INTER-TISSUE
EXCHANGE OF GLUTATHIONE
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Of all the ocular tissues, the lens has the highest
concentration of glutathione (GSH), exceeding levels found
in the liver and kidney which are responsible for regulating
circulating plasma GSH levels. It is our hypothesis that, by
analogy to the liver, the lens serves as a reservoir of GSH
that can be supplied to anterior avascular tissues of the eye
such as the cornea and ciliary body. This present study aims
to demonstrate that the rat lens is capable of GSH efflux and
that this efflux can be modulated by changing GSH
availability in the culture media. Furthermore, by culturing
lenses with inhibitors of putative glutathione efflux
transporters and channels, we have been able to identify the
mechanisms involved in GSH efflux. Finally, we will show
that the cornea and ciliary body contain putative GSH uptake
transporters that are localised to the corneal endothelium
and the non pigmented epithelium respectively, indicating
that these tissues are capable of accumulating GSH directly.
Taken together, our findings provide strong evidence for the
role of the lens as a reservoir of glutathione that can be

Wilmarth, P.A.et al., (2006) J. Proteome Res 5, 2554-2564.
Zhu, X., et al., Invest. Ophthalmol. Vis. Sci.(2010),09-4947.
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EYE LENS INDUCTION AND REGULATION OF WNTFZ/BETA-CATENIN SIGNALING IN SFRP1 AND SFRP2
DOUBLE KNOCKOUT LENSES
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Lens arises from the region of head ectoderm that overlies
optic vesicle. Initially a relatively broad area of head
ectoderm possesses lens forming potential but lens
formation is inhibited outside the optic vesicle-associated
region. Recent research indicates that Wnt-Frizzled/βcatenin (Wnt-Fz/β-catenin) signaling acts as a negative
regulator of lens formation. For example, ectopic lenses are
formed in head ectoderm when β-catenin expression is
removed from this area. Also overexpression of constitutively
active β-catenin blocked lens formation. Thus local
inactivation of Wnt-Fz/β-catenin signaling is required for lens
to form in the correct position; currently, it is not known how
this pathway is suppressed in the presumptive lens
ectoderm.

person was asked why the operation for cataract was not
done as an open question.
Results: Among 5836 examined eyes, 526 eyes (9.01%)
had a history of cataract surgery, Among the 526 cataractoperated eyes, 78.3% presented with VA>6/18, 8.4% with
VA 6/18 to 6/60 and13.3% with VA< 6/60. Surgical coverage
for presenting VA < 3/60 and VA < 6/18 in both eyes was
90.4%, and 66.4% respectively. In non-operated people who
need cataract surgery, the main barrier was unawareness of
treatment.
Conclusion: Overall, the cataract services in studied
population were acceptable, although it should be improved,
to achieve vision 2020 objectives.

Sfrp2, a putative Wnt-Fz antagonist, is expressed in lens
placode and has been put forward as a candidate for
regional Wnt-Fz/β-catenin pathway suppression during lens
induction. Initially we showed that Sfrp2 and Sfrp1 knockout
(KO) mice develop normal lenses. We then examined lenses
of Sfrp1 and Sfrp2 double KO (DKO) mice and showed that
they formed placode and vesicle. Consistent with this we did
not observe ectopic Wnt-Fz/β-catenin activation in lens
placode of DKOs. This indicates that Sfrp1 and Sfrp2
individually, or together, do not constitute the putative
negative regulator that blocks Wnt-Fz/β-catenin signaling
during lens induction. In contrast, Sfrp1 and Sfrp2 appear to
have a positive regulatory function because the short burst
of β-catenin signaling that occurs between E11.5 and E14.5
was reduced in Sfrp1/2 DKO mice. Reduced β-catenin
signaling was also evident at the rim of the optic cup
(presumptive ciliary body/iris) in DKO mice. Lenses that
formed in DKO mice were smaller than controls and
exhibited
a
deficient
epithelium
and
abnormal
orientation/alignment of fibers. This indicates that
endogenous Sfrps play a role in lens (and uvea)
development, at least in part, by regulating aspects of WntFz signaling.
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THE DISSOCIATION OF Α-CRYSTALLIN-AGGREGATE
DUE TO A SPECIFIC D-ASP RESIDUE IN ΑBCRYSTALLIN
1

Proteins have been considered to consist exclusively of Lamino acids in living tissues. However, D-aspartyl residues
(D-Asp) have been detected in proteins from the tissues of
age-related diseases such as cataract and Alzheimer
diseases. Aspartyl residues (Asp residue) are easy to invert
from L-form to D-form compared with other amino acid
residues because the inversion occurs through a
succinimidyl intermediate. The appearance of D-Asp in
protein potentially induces large changes to the higher order
structure of the protein as well as its function, and may lead
to cataract.
Human lens proteins are composed of α-, β- and γcrystallins. α-Crystallin exists as a polydisperse aggregate
with an average molecular mass of 800 kDa and is
composed of αA and αB, each with a molecular mass of 20
kDa. β-Crystallin consists of seven subunits which are βA1
to βA3 and βB1 to βB4 each with a molecular mass of 20-30
kDa. γ-Crystallin consists of seven subunits which are γS
and γA to γF each with a molecular mass of 20 kDa. α-, βand γ-Crystallins are able to separate by a size exclusion
chromatography. We previously reported the presence of Disomers at Asp-58 and Asp-151 in αA-crystallin, Asp-36 and
Asp-62 in αB-crystallin and Asp-4 in βB2-crystallin from
human cataratous lenses of elderly donors.

A PROFILE OF CATARACT SURGERY IN IRAN: A
POPULATION BASED STUDY ON ADULTS
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2
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In the present study, we found that a protein which was
eluted in γ-crystallin fraction of the size exclusion
chromatography, contained one D-Asp residue with
extremely high D/L ratio. This protein was identified as the
monomeric αB-crystallin on the basis of mass analysis. In
αB-crystallin which is a component of α-crystallin aggregate,
this site was normal L-Asp and was not inverted to D-isomer.
Therefore, the D-Asp formation at this site in the αBcrystallin may induce the dissociation of α-crystallin
aggregate.

Purpose: To identify cataract surgical coverage (CSC),
barriers and outcomes of cataract surgery in a
representative sample of Iranian population.
Methods: This cross-sectional study was performed on
3000 adults over 50-year in 2009 in Varamin district.
Sampling was conducted in multiple stages using systematic
and clustered randomization .Lens status and cause of VI
were determined by ophthalmologists using direct
ophthalmoscopy through a dilated pupil where necessary.
The outcomes were cataract surgical coverage (csc),
outcomes and barriers. Cataract surgery coverage (CSC) in
eyes was defined as all (pseudo) aphakic eyes divided by
the number of operable cataract eyes (PVA< 3/60, < 6/60 or
< 6/18) + all (pseudo) aphakic eyes that have been operated
in a defined population at a particular point of time. Barrier: If
there was an obvious lens opacity in either or both eyes in
combination with VA< 6/18, not improving with pinhole, the
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cells. I have exploited this species difference in MP20
protein insertion to assess the relative roles of MP20 in the
MDP formation and the restriction of the extracellular space.
To correlate the formation of the MDP with MP20 protein
insertion, Two-Photon-Excited-Flash-Photolysis (TPEFP) [3]
was used to uncaged 10 kDa-Dextran-Linked-CagedFluorescein in rat lenses and wild-type and Lim2 knockout
mouse lenses. To correlate MP20 protein membrane
insertions with the restriction of extracellular space diffusion,
lenses were incubated in the extracellular tracers
Rhodamine Dextran or Gd-DTPA, fixed and processed for
confocal microscopy. Our results showed that MP20 protein
insertion was associated with the formation of the MDP in
both rat and mouse lenses, but was not with the restriction of
the extracellular space in the mouse lens. The implications
of these findings to overall lens function will be discussed.
(Supported by the Marsden Fund, Health Research Council
of New Zealand, and the University of Auckland Research
Committee).
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EVOLUTION OF CASPASE-3 EXPRESSION IN THE RAT
LENS AFTER IN VIVO EXPOSURE TO UVR-300NM
1

1,2

1

N. Talebizadeh , K. Galichanin , P. Söderberg , F.
3
Hallböök
1

Dept. of Neuroscience, Gullstrand Lab, Ophthalmology,
2
Uppsala University, Uppsala, St. Eriks Eye Hospital, Dept.
of Clinical Neuorscience, Karolinska Institutet, Stockholm,
3
Developmental Neuroscience, Department of Neuroscience,
Uppsala University, Uppsala, Sweden
Purpose: To investigate the evolution of active caspase-3
protein expression in albino rat lens after in vivo exposure to
low dose UVR-300 nm by immunohistochemistry.
Methods: Forty Sprague Dawley rats were unilaterally
2
exposed in vivo to 1 kJ/m UVR-300 nm for 15 minutes. At
0.5, 8, 16 and 24 hrs after UVR exposure, both lenses were
removed. Three mid-sagittal sections of each lens were
analyzed with immunohistochemistry. Active caspase-3
labeling was counted and recorded three times in each
section.

[1] Shi, Y., et al., J Cell Sci 2009. 122(10):1607-15
[2] Grey, A.C., et al. Exp Eye Res, 2003. 77(5): 567-74
[3] Jacobs, M.D., et al, Invest Ophthal Vis Sci, 2003. 45(1):
191-9

Results: In general, exposed eyes showed a higher
expression of caspase-3 than contralateral non-exposed
eyes as indicated by a 95 % confidence interval for the mean
difference (CI[0.95] = 13.6 ±0.5). The mean difference of
expression of caspase-3 between exposed and contralateral
non-exposed lenses was lower in the 0.5 hr group (CI[0.95]
=13.1 ±9.0) than in the 8 hrs (CI[0.95] = 14.3 ±5.6) and the
16 hrs (CI[0.95]) = 18.4 ±1.9) groups and then decreased in
24 hour group (CI[0.95] = 8.8 ±7.2). There was no difference
in caspase-3 expression between the 0.5 and 24 hrs groups
(CI[0.95] = 4.3 ±7.0), but there was a difference in capase-3
expression between the 8 hrs and 16 hrs groups (CI[0.95] =
4.14 ±2.03). There was a difference when comparing the 0.5
and 24 hrs groups versus the 8 and 16 hrs groups (CI[0.95]
= 6.21±4.05).
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HUNTINGTIN AGGREGATES IN MOUSE LENSES AT
SELECTED AGES
1

Background and aims: EGFP huntingtin aggregates are
found in mouse lenses expressing huntingtin exon 1 with 72
polyglutamine repeats, while they are not found in lenses
expressing 25 polyglutamine repeats. The aim in this study
is to compare huntingtin aggregate localization, size, shape
and density in different age mouse lenses using confocal
microscopy and deconvolution software.
Methods: Mouse lenses age 2 weeks to 12 months
expressing EGFP-tagged huntingtin exon 1 with 72
polyglutamine repeats were quick frozen in liquid propane
cooled by liquid nitrogen, and frozen-sectioned along the
equatorial axis. Sections were fixed in 0.75%
paraformaldehyde in phosphate buffer and stained with
Alexa fluor 647 conjugated wheat germ agglutinin prior to
image acquisition in the Olympus Fluoview 1000 laser
scanning confocal microscope with sequential illumination of
488 nm and 635 nm laser light. Single channel image stacks
of huntingtin aggregates were deconvolved using SVI
Huygens Essential software, processed with the Huygens
PSF distiller and reconstructed with Amira software.
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VISUALISING THE INTER- AND EXTRA-CELLULAR
DIFFUSION PATHWAYS IN RODENT LENSES: ROLES
FOR MP20 PROTEIN
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Conclusions: UVR exposure increases expression of active
caspase-3 in eye lens. There is a peak of expression around
16 hrs after exposure.

1,2

2

J.M. Clark , H.R. Djajadi , E.E. Arnett , J.I. Clark

2

Department of Optometry and Vision Science, Auckland
Bioengineering Institute, University of Auckland, Auckland,
3
New Zealand, School of Physiology and Pharmacology,
4
University of Bristol, Bristol, UK, Department of Physiology,
University of Auckland, Auckland, New Zealand
MP20 protein is an integral membrane protein encoded by
the Lim2 gene, and has been shown to be involved in the
formation of Macro-molecular-Diffusion-Pathway (MDP) in
mice [1], and implicated in the restriction of the extracellular
space diffusion to large molecules in rat lens [2]. Although an
integral membrane protein MP20 is initially located in the
cytoplasm in peripheral fibre cells, but as the fibre cells
differentiate it becomes inserted into the plasma membrane.
In the rat lens, this membrane insertion occurs when cell
nuclei are lost [2], while in the mouse lens my
immunolabelling results show it occurs earlier in nucleated

Results: The EGFP huntingtin aggregates were first
observed in 2 week old mouse lenses. By 3 weeks the
aggregates accumulated into a perinuclear shell. Once the
shell was formed, its perinuclear position did not change,
although the width of the shell continued to increase relative
to the lens radius until about 2 months. The density of the
aggregates increased as well until 2 months of age, not
changing significantly afterwards. The deconvolved
aggregate shapes varied widely, but the size range did not
change with age.
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novel variations predicted to be damaging in a number of
these genes, such as CRYGC, BFSP2, CRYAB, and LIM2,
were identified in patients with high myopia but without
cataracts. One mutation in BFSP2 is the same as the one
previously described in a cataract family. Most of these
variations detected in lens specific genes does not contribute
to high myopia based on segregation analysis. Such
variations may be incorrectly considered as disease-causing
mutations if they were detected in patients with congenital
cataracts. The results remind us that great care should be
taken in mutation-disease association even in genes known
to cause eye diseases. Application of exome sequencing in
ophthalmology may have great value not only in
identification of causative mutations in highly heterogeneous
genetic eye diseases but also in clarification of mutations VS
polymorphism. It may also provide clues in understanding
the functional importance of lens-specific genes in
maintaining a clear lens.

Conclusions: Fluorescent aggregates in mouse lenses
overexpressing huntington exon 1 with 72 polyglutamine
repeats were observed and analyzed using confocal
microscope imaging in order to determine their localization,
size, shape, and density in mouse lenses of different ages.
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INTRAOCULAR LENS (IOL) COATINGS AND THEIR
POTENTIAL TO INHIBIT POSTERIOR CAPSULE
OPACIFICATION (PCO)
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Background and Aim: IOL materials affect the
development of PCO. By modifying surface properties we
can manipulate cellular response, for example by modifying
the charge of a coating. A zwitterionic molecule contains a
negative and positive charge. The aim was to produce a
novel zwitterionic coating for IOLs to reduce PCO, by
prohibiting lens epithelial cell (LEC) attachment and growth.

P052
IDENTIFICATION OF Β-ASPARTYL RESIDUES IN
PROTEIN BY MALD-TOFMS
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1

1

Kyoto University Research Reactor Institute, Osaka,
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Methods: Six novel coatings with various ratios (9-30%) of
zwitterionic monomer were copolymerised with acrylic based
monomers. A rabbit LEC line (N/N1003A) was seeded onto
coatings (C1-6) for seven days and cells were counted, three
additional coatings were used as controls (C7-9) as well as
tissue culture plastic. Live cells were viewed using time
lapse microscopy to follow LECs settling, attachment and
growth on the coatings. Surface wettability was analysed
using water contact angle and the topography was
investigated by scanning electron microscopy (SEM) and
white light interferometry.

2

Purpose: Since the lens crystallins are long-lived proteins,
they undergo various posttranslational modifications
including isomerization, deamidation, oxidation, glycation
and truncation. These posttranslational modifications may
lead to age-related cataract. We found the isomerized
aspartyl (Asp) residues, including Lα-, Lβ-, Dα- and Dβ-Asp,
in crystallin proteins of cataractous lenses. However, it takes
time to analyze the individual Asp isomers in proteins. Here
we report the quick and semiquantitative analysis of β-Asp in
peptides using post source decay (PSD) on a MALDITOFMS spectrometer incorporating a curved field reflectron.

Results: Four coatings (C1, C2, C4, C6) did not support
LEC attachment, coating C3 and C5 allowed LEC
attachment to different extents. Coating C5 was soluble in
water and therefore was not taken further. Contact angle
measurements range from 22-64° for coatings C1-6 showing
no clear link between cell attachment and wettability alone.
SEM showed slight variations in topography between the
coatings. Initial roughness analysis indicated surfaces have
an average Ra < 35nm.

Method: We synthesized the several peptides which
correspond to a part of the amino acid sequences of
crystallins and their isomeric peptides containing four
different Asp isomers by Fmoc (9-fluorenylmethoxycarbonyl)
solid-phase chemistry. These peptides were analyzed using
postsource decay (PSD) on a MALDI-TOFMS spectrometer.
Results: PSD revealed that β-Asp residue in the peptide
significant changes in the intensities of fragment ions, which
are responsible for cleavages at the N- and C-terminal sides
of the isomeric residues. The relative β-Asp content in the
peptide was successfully estimated from a unique ratio, yln/yl-n+1. The amounts of β-Asp in a-crystallin obtained from
MALDI-TOFMS analysis were consistent with the results
using the previous HPLC analysis. The result indicates that
this new method is quick and useful for the analysis of β-Asp
residues in protein.

Conclusions: Control of the zwitterionic ratio in the polymer
influences cell attachment. Coatings C1, C2, C4, and C6 are
possible coatings which prevent LEC attachment.
Acknowledgments: The author would like to thank, EPSRC
with Health Tech and Medicines KTN and BioInteractions Ltd
for financial support and Dr. John Reddan for donation of the
LEC line.
COI/Financial disclosure: Nothing to disclose

COI/Financial disclosure: Nothing to disclose
P051
P053
IDENTIFICATION OF MUTATIONS IN LENS SPECIFIC
GENES IN PATIENTS WITH HIGH MYOPIA BY EXOME
SEQUENCING

MOLECULAR FINDINGS IN PATIENTS WITH ISOLATED
ECTOPIA LENTIS - RESULTS OF FBN1 AND ADAMTSL4
MUTATION ANALYSES
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Mutations in lens-specific genes have been frequently
reported to associate with congenital cataracts. However,
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0.5D was 18.3% with surgeon's choice, 29.6% with HaiggisL and 25.9% with L3. Percentage of patients with a refractive
error of > 1D was 53.7% with surgeon's choice, 27.8% with
Haiggis-L and 27.8% with L3. Higher refractive error was
proportional to AL >26mm, LASIK correction, and age. Same
relationship was found when using flatter Km
measurements, cutoff of 39. Relationship between age and
refractive error was found to be statistically significant in
patients >62 years only in L3.

Institut für Humangenetik, Universitätsklinikum Tübingen,
Tübingen, Germany
Ectopia lentis (EL) can occur as an isolated condition or as a
feature of syndromal diseases, such as Marfan syndrome
(MFS). Isolated ectopia lentis has been associated with
mutations in ADAMTSL4 (autosomal-recessive) and FBN1
(autosomal-dominant).
We have analyzed 8 patients from 6 families presenting with
isolated EL. 4 patients had homozygous mutations in
ADAMTSL4: 2 unrelated patients (14 and 34 years) carried
the common mutation c.767_786del20, p.(Gln256Profs*38);
in two siblings (4 and 5 years), the homozygous mutation
c.1162dupG; p.(Ala388Glyfs*8), which has not been yet
reported, was identified. None of the patients had a history of
systemic involvement reported with syndromal EL. We
additionally identified 2 heterozygous mutations in FBN1. A
de novo FBN1-mutation c.4043G>A ;p.(Cys1348Tyr), that
has not been reported previously, was detected in a 4 yearold child with EL; other features of MFS were not (yet)
obvious. The mutation c.2415T>G; p.(Cys805Trp) was
identified in a 13-year-old girl with EL not fulfilling MFS
diagnostic criteria. She inherited the mutation from a parent
who had a history of bilateral lens extraction in childhood
and no further clinical signs of MFS. Furthermore, there was
a family history of aortic (abdominal) aneurysms. One child
with EL neither had a FBN1 nor ADAMTSL4 mutation.

Conclusions: Comparative results for mean refractive
errors are statistically significant. We propose a possible
alternative method which offers an easy way of IOL
calculation to the surgeon while maintaining accurate
outcomes for the patient.
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CLINICAL FINDINGS IN AGE-RELATED MACULAR
DEGENERATION (AMD) AND THEIR CORRELATION TO
VISUAL ACUITY OUTCOME AFTER CATARACT
SURGERY
S. Pal, I. Barbazetto
VRM of NY, New York, NY, USA

These results emphasize the importance of mutation
analysis of FBN1 and ADAMTSL4 in patients with ectopia
lentis, especially in young children since patients with
mutations in ADAMTSL4 do not need the extensive
screening exams (especially regarding cardiovascular
complications) as patients with a FBN1 mutation.

Age-related macular degeneration (AMD) is the leading
cause of blindness in the US among the elderly. Because of
this, it is necessary to identify the major risk factors of AMD
and determine ways to minimize their impact. The purpose
of this project was to study those retinal changes and
evaluate their affect on visual acuity after cataract surgery.
Fundus color photos of each eye in 29 AMD patients and 28
control (non-AMD) patients were examined for the presence
of types of drusen, pigment abnormalities, and geographic
atrophy. Visual acuity was recorded before cataract surgery,
and 1 month & 12 months after it. At both follow-up visits
control patients were more likely to regain vision than AMD
patients. The presence of drusen (number) in the macula
was inversely to the improvement of visual acuity after
surgery. Pigment changes were an independent risk factor
for limited visual gain. As the results suggest, patients with
significant retinal changes due to AMD should be made
aware of the less favorable prognosis with regard to visual
improvement following cataract surgery.
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CALCULATION OF IOL POWER AFTER LASIK USING A
NEW CLINICAL METHOD COMPARED TO THE
STANDARD NO-HISTORY METHOD FORMULAS
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Purpose: Evaluate an alternative practical method to
calculate IOL power in post LASIK patients in absence of
clinical history.

ROLE OF AQP5 IN CORNEAL AND LENS
TRANSPARENCY AND HOMEOSTASIS

Methods: This retrospective review included patients who
underwent cataract surgery after LASIK for myopia between
2002 and 2011. Inclusion criteria were the use of MA50BM
lens, no significant eye pathology and post-operative follow
up of at least 3 months. Flattest keratometric measurement
(Km) from different instruments was obtained. This value
was inserted in the IOL Masters with a TR of -2 and obtained
an IOL selection. We calculated the mean refractive error for
Haiggis-L, Shammas, the surgeon and our new method (L3).
Age, LASIK correction, diopters of pre-LASIK myopia, AL
were assessed to evaluate correlation between them and the
mean refractive errors.
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Background and aims: Aquaporins (AQPs) play a
significant role in the movement of water across plasma
membranes. In the eye, cornea and lens are avascular
transparent tissues with unique microcirculatory systems
assisted by AQP water channels to meet their metabolic
demands. The present investigation was undertaken to
explore AQP5 spatial expression in these tissues and its
possible role(s) in corneal wound healing.

Results: 55 eyes, 42 patients met our criteria. Mean age
was 65.87±6.44, mean time between LASIK and cataract
surgery was 7.63±3.33 years. Predicted mean refractive
arithmetic error for the actual implanted lens (theoretical
surgeon error) was 1.19±1.11 (p=< 0.001); for Haiggis-L and
Shammas was -0.66 ±0.76 (p=< 0.001) and 0.53±0.77 for L3
(p= < 0.001). Percentage of patients with refractive error <

Methods:
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Spatial

expression,

trafficking

and

post-

translational modification of AQP5 in the cornea and lens of
-/wild type (WT), and AQP5 knockout (AQP5 ) mice were
investigated
by
RT-PCR,
western
blotting
and
immunostaining. Cell migration and proliferation during
wound healing were followed in vitro by cell culture scratchwound method, and in vivo by corneal debridement in WT
-/and AQP5 mice.

diabetic retinas. EC-dependent relaxation of diabetic retinal
arteries was impaired vs control. In isolated retinal arteries,
exposure (24 hr) to either HG or adenoviral A1 cDNA
increased ARG activity/expression, reduced NO release and
markedly
impaired
vascular
endothelial-dependent
relaxation. ARG inhibitor treatments prevented or reversed
diabetes/HG effects in retinal vessels.

Results: Immunostaining identified AQP5 in the corneal
epithelial cells and keratocytes, as well as in the lens
epithelial and fiber cells. Immunoblotting revealed the
expression of AQP5 in mouse cornea, lens epithelial cells,
cortical fiber cells and nuclear fiber cells. Cornea, lens and
AQP5
transfected
MDCK
cells
expressed
nonphosphorylated and phosphorylated forms of AQP5.
Phosphokinase A agonist promoted internalization of AQP5
while antagonist facilitated plasma membrane localization in
the corneal epithelial cells and AQP5-transfected MDCK
cells which showed higher level of cell migration and
-/proliferation than controls. AQP5 mice revealed delayed
wound healing compared to the WT. PKA-induced AQP5
internalization delayed the wound healing by compromising
cell migration and proliferation. In contrast, inhibition of PKA
accelerated wound healing.

In summary, diabetes-induced increases in oxidative stress
are associated with retinal vascular dysfunction (decreased
flow), increased arginase activity and expression, decreased
bioavailable NO, and increased SO formation. Inhibition or
partial A1 deletion blocks these changes. Our results
suggest a role for arginase in DR by increasing oxidants and
reducing available NO.
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THE APPLICATION OF IONIC HYDROGEL SOFT
CONTACT LENSES, SATURATED WITH MODERN
FLUOROQUINOLONES, FOR THE PREOPERATIVE
PROPHYLAXIS OF INTRAOCULAR INFECTIONS

Conclusions: AQP5 protein is expressed in the corneal
epithelial cells and keratocytes, and lens epithelial and fiber
cells. Active regulation of AQP5 localization, distribution and
abundance by manipulating PKA-mediated phosphorylation
holds promise for AQP5-mediated faster corneal wound
healing. In the cornea and lens, AQP5 may participate in the
microcirculation to supply nutrients and to remove metabolic
by-products to maintain transparency.

E. Boiko, D. Fokina, V. Reytuzov
Military Medical Academy, Saint Petersburg, Russia
Introduction: Prevention of intraocular infections during
surgery in a hospital is an important problem in
ophthalmology.
Introducing
modern
high-tech
eye
microsurgery hasn't reduced the amount of endophthalmitis.
The use of soft contact lenses (SCL), saturated with
ofloxacin and levofloxacin, has been shown more effective in
preoperative prophylaxis, than the use of instillations. There
are many sources found in scientific literature where topical
moxifloxacin 0.5% has been shown to be a highly effective
procedure in such purposes and minimum inhibitory
concentration is achieved. However, according to the
literature, ionic SCL, saturated with moxifloxacin, has never
been investigated.
Purpose: To assess the possibility of ionic fluoroquinolones
saturated SCL, using for the preoperative prophylaxis
Methods: In this clinical trial 40 patients having cataract
surgery were assigned to 1 of two methods of preoperative
prophylaxis. In Group A (n=19) 1-Day Acuvue, saturated with
moxifloxacin solution 0.16 % (Avelox), in Group B (n=21) 1Day Acuvue, saturated with levofloxacin solution 0.5%
(Tavanic), were used before phacoemulsification. In both
groups, aqueous samples (0.1 mL) were collected. The
antibiotic concentration in aqueous aliquots was determined
using spectrofluorimetry (Hitachi). The data was analyzed
using the standard deviation. To determine antibiotic
concentration in aqueous humor, regression analysis was
used.
Results: The average concentrations of moxifloxacin and
levofloxacin in aqueous humor were 18.0 ± 2.0 µg/mL in
Group A and 9.0 ± 1.2 µg/mL in Group B respectively (p<
0.05).
The
minimum
inhibitory
and
therapeutic
concentrations were both achieved (Figure 1).
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ARGINASE INVOLVEMENT IN DIABETIC RETINAL
VASCULAR DYSFUNCTION
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Diabetes markedly impairs retinal vascular endothelial cell
(EC) - dependent relaxation. This suggests decreased
availability of vasodilator nitric oxide (NO). However, many
studies have shown enhanced levels of NO products
(nitrate/nitrite and ONOO-biomarker for nitrotyrosine [NT]) in
models of diabetic retinopathy (DR). This study assessed
retinal vascular function and levels of bioavailable NO during
DR. It also determined the role of the arginase (ARG)
enzyme, which competes with NO synthase for their
common substrate, L-arginase, in vascular dysfunction and
reduced bioavailable NO.
Studies were performed in streptozotocin-induced diabetic
rats and mice and in retinal vessels treated with normal
glucose or high glucose (25 mM, HG) or transduced with
adenovirus containing arginase 1 (A1) cDNA.
Measurement of NT and nitrate/nitrite levels confirm
significant increases in total NO products in diabetic retinas.
However, levels of the NO biomarker nitrite are reduced by
diabetes. Imaging analysis using NO indicator DAF-2DA and
superoxide anion (SO) detector DHE showed decreased NO
levels in diabetic retinas that were accompanied by
increased SO formation. Diabetic retinas showed marked
elevation of ARG activity and AI expression. Studies in
knockout mice showed that deleting one copy of A1
enhanced NO formation and reduced SO formation in
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CHANGE IN EYE DOMINANCE AFTER CORRECTION OF
THE UNILATERAL PTOSIS
W.Y. Ryu, H.B. Ahn, J.Y. Suh
Donga Univ. Medical Center, Busan, Republic of Korea
Purpose: We studied the change in eye dominance after
correction of unilateral ptosis.
Method: Twelve patients with unilateral ptosis or asymmetric
bilateral ptosis (> or = 2 mm difference in MRD1) were
included in the study. We evaluated the eye dominance
before and after the correction surgery of unilateral ptosis
and see if the dominance had changed. Ocular dominance
was determined using hole-in-the-card-test, convergence
near-point test, pointing test, and camera test.

Figure 1 Pharmacokinetic of fluoroquinolones penetration
from SCL in aqueous humor
Conclusions:
1. Soft contact lens is effective drug delivery method.
2. Ionic hydrogel soft contact lenses, saturated with
moxifloxacin and levofloxacin, provide a therapeutic
antibiotic concentration in aqueous humor for not less than
4.5 hours.
3. Moxifloxacin penetration achieved significantly higher
aqueous concentrations in aqueous humor than levofloxacin.

Result: In 6 patients, the eyes with the greater ptosis
appeared to be the dominant eyes. They were the ones with
the lesser degree of astigmatism. Four of them showed
change in dominance after the correction surgery of ptosis.
In other 6 patients, the eyes with the lesser degree of ptosis
were the dominant eyes, and the dominancy remained
unchanged after the surgery.
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Conclusion: In patients with unilateral ptosis or asymmetric
bilateral ptosis, the dominant eye corresponded to the eye
with the lesser degree of astigmatism. When the eyes with
the greater ptosis are the dominant eyes, the ocular
dominance tend to change after the correction surgery of
ptosis.

P059
A NEW STRATEGY TO TREAT SEVERE
ENDOPHTHALMITIS VIA A FOLDABLE CAPSULAR
VITREOUS BODY WITH SUSTAINED LEVOFLOXACIN
RELEASE IN RABBIT
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HYDROGEN SULFIDE-INDUCED INCREASE IN CYCLIC
AMP PRODUCTION IN RPE-J CELLS: ROLE OF
PROSTANOIDS, ADENYLYL CYCLASE AND KATP
CHANNELS
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Combinated functions of drug delivery system and vitreous
substitutes cannot be achieved. A foldable capsular vitreous
body (FCVB), invented by us, has shown to be effective and
safe as a vitreous substitute and is being carried out clinical
trail in 9 hospitals of China. Because 300nm mini apertures
existed in the capsule of FCVB, Here, we investigated
whether the FCVB could release levofloxacin and then treat
in a severe endophthalmitis rabbit model. Current results
showed that FCVB released levofloxacin ranging from 9.03
to 13.53ng/ml in the vitro and from 12.56 to 1.66ng/ml in
aqueous humor of the eye during 30 days. Therapeutic
efficacies were achieved at 30 day after treatment evaluated
with clinical evaluation, bacterial counts, cytokines and
histopathology. This study suggest that the FCVB could
mechanically, sustainably release levofloxacin and
effectively inhibit endophthalmitis in rabbits and provides us
with a novel research and therapeutic strategy for the
management of endophthalmits combined for drug delivery
system and vitreous substitute.

We have evidence that hydrogen sulfide (H2S) plays a
regulatory role in signal transduction processes in
mammalian retina. However, the mechanism by which it
exerts this effect is not clear. In the present study, we
investigated the mechanism of action of H2S on cyclic AMP
(cAMP) formation in rat retinal pigment epithelial (RPE-J)
cells. Cultured RPE-J cells were incubated for 30 mins in
culture
medium
containing
the
cyclic
nucleotide
phosphodiesterase inhibitor, IBMX (2mM). Cells were
exposed to varying concentrations of H2S (using sodium
hydrosulfide, NaHS as donor), in the presence or absence of
cyclooxygenase (COX) inhibitors (indomethacin and
flurbiprofen), the diterpene activator of adenylate cyclase,
forskolin or the ATP-sensitive potassium (KATP) channel
antagonist, glibenclamide. Following drug-treatment at an
optimal time of 20 mins, cell homogenates were prepared for
cAMP content and determined by EIA. In RPE-J cells, NaHS
(1 nM, 100 nM) caused an inhibitory effect on cAMP
production when compared to basal levels. Interestingly, the
COX inhibitors, indomethacin (10 µM) and flurbiprofen (3
µM), elicited a reduction of basal cAMP production and
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unmasked an excitatory activity of NaHS on cAMP. In the
presence of prostaglandin synthetase inhibition, NaHS (1
nM-100 µM) elicited a significant (p< 0.05) concentrationdependent increase in cAMP concentrations when compared
to basal levels. In RPE-J cells, the effects caused by
forskolin (10 µM) on cAMP production were potentiated by
addition of low concentrations of NaHS. The KATP channel
antagonist, glibenclamide (100 µM) significantly (p < 0.01)
attenuated the NaHS-induced-increase on cAMP production.
We conclude that H2S (using H2S donor) can increase cAMP
production in RPE cells, and this effect involves the
production of endogenous prostaglandins which functionally
oppose the H2S response. In addition, both the adenylyl
cylcase pathway and KATP channels are involved in mediating
the observed effects of H2S on cAMP production.

P063
ERIODICTYOL PREVENTS EARLY DIABETIC
RETINOPATHY IN RATS
C. Bucolo, G.M. Leggio, F. Drago, S. Salomone
Clinical and Molecular Biomedicine Department, University
of Catania, Catania, Italy
Aim: Diabetic retinopathy is a complex disease that has
potential involvement of inflammatory and oxidative stressrelated pathways in its pathogenesis. We hypothesized that
eriodictyol, one of the most abundant dietary flavonoids,
could be effective against diabetic retinopathy, which
involves significant oxidative stress and inflammation. The
aim of the present study was to investigate the effects of
eriodictyol in diabetic retinopathy.
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Methods:
Diabetic
retinopathy
was
induced
by
streptozotocin in rat. The effect of eriodictyol treatment (0.1,
1, 10 mg/kg daily for 10 days) was evaluated by TNF-α,
ICAM-1, VEGF, and eNOS protein levels measurement in
the retina, lipid peroxidation, and blood-retinal barrier (BRB)
integrity.

P062
MINGJING GRANULES, A COMPLEMENTARY MEDICINE
TO TOPICAL ANTI-VEGF DRUGS FOR AGE-RALATED
MACULAR DEGENERATION TREATMENT
L. Liang, Y. Tang, W. Zhan, W. Jiang, L. Lu

Results: Increased amounts of cytokines, adhesion
molecule, and nitric oxide synthase were observed in retina
from diabetic rats. Eriodictyol treatment significantly lowered
retinal TNF-α, ICAM-1, VEGF, and eNOS in a dosedependent manner. Further, treatment with eriodictyol
significantly suppressed diabetes-related lipid peroxidation,
as well as the BRB breakdown.

Eye Hospital, China Academy of Chinese Medical Sciences,
Beijing, China
Background: Recent studies have shown that bone-marrow
derived cells (BMCs) contribute to newly formed vasculature
in choroidal neovascularization (CNV), suggesting that the
inhibition of BMCs mobilization and recruitment to the eyes
could be a new approach to the fundamental treatment of
CNV. Chinese medicine may play such kind of role through
wholistic treatment.

Conclusions: These data suggest that eriodictyol can be
used therapeutically to protect the retinal damage induced
by diabetes.

Aims: To observe the effect of Chineses medicine Mingjing
Granules on the development of CNV and investigate the
possible mechanism of Mingjing granules in preventing CNV.
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Methods: C57BL/6 mice were induced CNV by krypton laser
and randomly divided into control group and Mingjing
Granules treatment group. The area of CNV lesion was
assessed by fluorescence image analysis after treatment.
The amount of CD34+ cells in peripheral blood was
determined by flow cytometry, and the level of GM-CSF and
VEGF was determined respectively by ELISA.

EFFICACY OF SYSTEMIC 7-METHYLXANTHINE TWICE
PER DAY ON MYOPIA PROGRESSION AND EYE
ELONGATION IN MYOPIC CHILDREN
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Result: The CNV areas in the treatment group were
significantly smaller than that of the control groups on day 28
after treatment (p< 0.05). The amount of CD34+ cells in
control group was significantly higher than that of the
treatment group and normal group on day 7 and 14(p< 0.05),
and there was no significant difference between the
treatment group and the normal group (P>0.05).The GMCSF and VEGF levels in the treatment group were
significantly lower than that of the control group and normal
group on day 7 and 14(p< 0.05).

Purpose: As a follow-up of a clinical trial (ClinicalTrial.gov
NCT00263471), available treatment data were analyzed to
determine whether the efficacy of the caffeine metabolite 7methylxanthine in retarding myopia progression and axial
elongation could be improved by increasing dosing to twice
per day. We here present preliminary results.
Methods: Axial eye elongation and myopia progression
(cycloplegic) over six months were measured using Zeiss
IOL-Master and Nikon Retinomax autorefractor in a
treatment group (n=55), and compared with data from a
control group (n=255). Participants were children aged 8-15
years with myopia of -0.063 diopters (spherical equivalent)
or more. The treatment group received one tablet containing
7-methylxanthine 400 mg twice per day; the control group
received no treatment.

Conclusion: Our study preliminarily indicated that Mingjing
Granules could inhibit BMCs mobilization through reducing
the GM-CSF and VEGF level in peripheral blood, which may
be the possible mechanism of Mingjing Granula in
preventing CNV and serve it as a complementary medicine
to topical anti-VEGF drugs for AMD treatment. Now a
double-blind, randomized, controlled, multicenter study to
assess the effects of Mingjing granules in patients with wet
AMD is ongoing in Beijing, China.

Results: Axial eye growth was 0.081 mm in the treatment
group compared with 0.144 mm in the control group
(p=0.000). Myopia progression was 0.103 diopters in the
treatment group compared with 0.280 in the control group
(p=0.000). The eye elongation was reduced in the treatment
group of 11 years olds (0.045 mm vs. 0.134 mm, p=0.005)
and 14 years olds (0.021 vs. 0.108 mm, p=0.017). Myopia
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progression was reduced in the treatment group of 11 years
olds (0.039 vs. 0.249 diopters, p=0.010), 12 years olds
(0.080 vs. 0.250 diopters, p=0.036), and 14 years olds
(0.000 vs. 0.292 diopters, p=0.006). No side effects of the
treatment were found.

Methods: The study was made on healthy full-term children
eyes with emmetropic refraction (group, n = 20); full-term 1st
degree myopic children eyes with refraction from -1.0 D to 3.0 D (group 2, n = 16), and premature children myopic eyes
with refraction -1.0 D to -3.0 D (group 3, n = 12). The age of
children ranged from 6 to 15 years. Gestation age in the preterm group ranged from 25 to 34 weeks. Precise ultrasonic
biometry was done using the ultrasonic measuring system.

Conclusion: 7-methylxanthine appears to be more efficient
when given twice per day instead of once. These preliminary
results suggest that treatment with 7-methylxanthine has the
potential of almost eliminating myopia progression and
excessive eye elongation in selected age-groups of myopic
children.

Results: Ultrasonic biometry evaluates optical-anatomical
parameters in premature children myopic eyes. Axial length
was longer than in healthy and full-term myopic children
eyes (mean, 24.09 ± 0.69 mm) and lens thickness was
bigger (mean 3.35 ± 0.14 mm). In the healthy children group:
axial length was 23.49 ± 0.48 mm and lens thickness 3.00 ±
0.07 mm, and in the full-term myopic children group the axial
length was 23.79 ± 0.59 mm and lens thickness 3.24 ± 0.14
mm.
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P065
REPRODUCIBILITY OF OXYGEN SATURATION
PARAMETERS NEAR THE OPTIC NERVE HEAD (ONH)
AND INTER EYE CORRELATIONS IN A HEALTHY MULTIETHNIC COHORT

Conclusions: No changes in the size of the eye opticalanatomical elements were found in the accommodation
process for full-term and premature children slightly myopic
eyes. In the group of premature children, longer axial length
and bigger size of lens thickness were found in myopic eyes
(24.09 ± 0.69 mm and 3.35 ± 0.14

R. Heitmar, J. Clarke, Ophthalmic Research Group
School of Life and Health Sciences, Ophthalmic Research
Group, Aston University, Birmingham, UK
Purpose: To assess reproducibility of near ONH oxygen
saturation parameters in retinal arterioles and venules in a
multi-ethnic cohort.

mm, respectively). In the group of premature children
changes in the optical-anatomical elements parameters of
myopic eyes were more pronounced than in the group of fullterm children, and it could lead to higher myopia
development. Precise ultrasonic biometry can reveal early
eye accommodation disturbances in pre-mature children and
evaluate the level of myopia.

Methods: After an initial eye exam to exclude any ocular
abnormalities all subjects (mean age 31 (7) years)
underwent dual-wavelength retinal vessel oximetry
(ImedosSystems, Germany). Three consecutive images of
one eye in 18 individuals were taken on two visits. A subset
of eight participants had both eyes assessed at the first visit.
In addition, IOP and systemic BP were measured at both
visits. A single, masked observer extracted all oxygen
parameters. A minimum of 5-6 arteries and veins were
selected in an annular ring of one disc diameter (DD) in
width, one DD distant of the ONH rim.
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MODULATORY EFFECT OF CD36 LIGAND ON FIRST
SIGNS OF AGE-RELATED RETINAL DEGENERATION
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3

1
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Results: All measurements taken during visit 1 and 2 were
comparable: IOP ( 12(3) vs 11(3)mmHg, p>0.05), MAP
(85(8) vs 82(10)mmHg, p>0.05), average arterial and venous
oxygen saturation (93(12)% vs 94(10)%, p>0.05; 60(26)% vs
61(22), p>0.05; respectively). Right and left eye oxygen
saturation measurements in retinal arteries and veins
showed good correspondence (arteries: r=0.95, p< 0.0001;
veins: r=0.82, p=0.012).

S. Omri , F. Sennlaub , W. Lubell , E. Picard , H. Ong , S.
1
Chemtob

Conclusions: Retinal vessel oxygen saturation parameters
using dual-wavelength technology are highly reproducible in
a wide range of fundus pigmentations. Furthermore we
found right and left eye measurements corresponded at a
highly significant level.

Histopathologic features of AMD are sub-retinal deposits and
drusen, retinal pigment epithelium senescence, Bruch's
membrane (BM) thickening and photoreceptors lesions. A
deficiency in the lipid scavenger receptor CD36 leads to
retinal degeneration and oxidized lipids deposits in the BM
(Houssier et al. Plos Med, 2008; Picard E et al. Aging, 2011).
We report here the effect of treatment with CP3(IV), a
synthetic modulator of CD36 on the regulation of BM
thickening and inflammation during aging.
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Electron microscopy and immunohistochemistry are
performed on eyes from 1-year old WT and CD36-/- mice fed
under high fat cholesterol diet, treated with CP3(IV) (300
nmol/kg) during 8 weeks. Flat mount of retinal epithelium are
stained to observe macrophage/microglia cells (Iba1) and
epithelial cells (phalloïdin). PCR array to document
expression of gene involved in inflammation and lipids
metabolism are carried out eye cup. CP3(IV) effect on
oxidized lipids toxicity and lipids efflux are performed on
cultured ARPE19 cells.

ULTRASONIC BIOMETRY OF MYOPIC CHILDREN EYES
1

2

L. Kriauciuniene , R. Aukstikalniene , A. Paunksnis
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Institute of Neurosciences, Lithuanian University of Health
2
Sciences, Lithuanian University of Health Sciences Eye
Clinic, Kaunas, Lithuania
Purpose: The aim of our work was to determine changes in
optico-anatomical elements of myopic eyes of full-term and
premature children during accommodation by means of
precise ultrasonic biometry.

CP3(IV) treatment on WT mice is found to reduce the
accumulation of lipids and oxLDL in BM and its thickness.
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1

On RPE flat mounts, the number of Iba1 positives cells and
RPE abnormality are reduced following such treatment.
Macrophage/microglia cells featuring foam cells morphology
are barely detected. PCR array, as real-time PCR, show an
increase of Abca1 and ApoE expression as well as that of Il10; in contrast, a decrease of Il-1beta, ccl2 and MMP9
expression is observed in a CD36-dependent manner.
Treatment with CP3(IV) reduces cells death, stress fibers
and restores thighs junctions in ARPE19 exposed to
oxidized lipids. CP3(IV) increases Abca1 and Abcg1
expression and enhances lipid efflux in presence of HDL.

Endogenous endophthalmitis (EE) requires early appropriate
antimicrobial therapy to avoid further embolic seeding due to
bacteraemia and permanent damage of retina. Inappropriate
administration of antimicrobials has been shown not only to
worsen clinical outcomes, but also to promote antimicrobial
resistance. Although the antimicrobial choice used to be
essentially based on the spectrum of activity and on the in
vitro bacterial susceptibility, optimised management of EE
should no longer rely only on static definitions, such as
susceptible, intermediate, resistant, but requires the
inclusion
of
antimicrobial
pharmacodynamics
into
prophylactic and therapeutic protocols to avoid drug
underexposure. Pharmacodynamics of hydrophilic drugs
such as β-lactams, aminoglycosides and vancomycin, show
that intravitreal levels remain often below the minimum
inhibitory concentration (MIC) for many ocular pathogens,
whereas few lipophilic drugs, such as fluoroquinolones,
tetracyclins, rifampin and linezolid, achieve target
concentration within the vitreous cavity. Moreover,
optimization of drug exposure with time-dependent
antimicrobials, such as β-lactams and vancomycin, may be
pursued through plasma trough concentrations (Cmin) above
the MIC (Cmin>MIC) over time. Conversely, for concentrationdependent
agents
(i.e.,
fluoroquinolones
and
aminoglycosides), once-daily dosing should be preferred
whenever feasible to maximize plasma drug exposure in
terms of the plasma peak concentration (Cmax) over the MIC
(Cmax/MIC ratio). For the latters, indeed, higher
concentrations mean more rapid and potent bacterial killing
and lower likelihood of developing resistance.

Modulation of CD36 with its specific ligand, CP3(IV), can
protect against BM thickening by decreasing lipids
accumulation and inflammation as shown by the reduction of
inflammatory cells accumulation and inflammatory cytokines
expression.
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HYPOXIA REGULATES IRON INFLUX AND EFFLUX IN
RETINAL PIGMENTED EPITHELIAL CELLS
C. McGahan, S. Nagar, M. Goralska, L. Fleisher, J. Harned
Molecular Biomedical Sciences, North Carolina State
University, Raleigh, NC, USA
Hypoxia causes a shift in metabolism from oxidative
phosphorylation to glycolysis for ATP production. It has
recently become apparent that the purpose of this switch is
to prevent production of reactive oxygen species by
inefficient electron transfer under hypoxic conditions. Free
radical production is catalyzed by iron and hypoxia has an
important role in regulating production of proteins involved in
iron metabolism and storage. In the current study, we
investigated the role of hypoxia in regulating iron levels
within primary cultures of canine retinal pigmented epithelial
cells (RPE).

Improving patient safety is a task requiring multi-disciplinary
and organisational commitment. The appropriate antibiotic,
administered to the target site, in the right concentration, in a
timely manner could be both one therapeutic challenge and
one goal for the future. Rather than passively recording a
progressive increase of antimicrobial resistance, the
integration of different fields of expertise-ophthalmic surgery,
infectious diseases, microbiology, clinical pharmacology-is
now mandatory to promote antimicrobial stewardship and
definitely improve clinical outcome of EE.

59

Uptake of iron into RPE from Fe-transferrin was decreased
by 25% in hypoxic (0.5% oxygen) versus normoxic (20%
59
oxygen) conditions. Additionally, the efflux of Fe from cells
59
loaded with Fe-transferrin was increased almost 3-fold
59
under hypoxic conditions, with 76% of total intracellular Fe
exiting the RPE within 24h when compared to 28% under
normoxic conditions. In tight-junctional, polarized cultures of
RPE grown on cell culture inserts, most of the hypoxiainduced increase in efflux was polarized, with about 55% of
59
the total loaded Fe transported to the basolateral chamber
vs. only 20% entering the apical chamber. This is in contrast
to efflux under normoxic conditions, where efflux was also
polarized, but mostly dependent upon the side which was
59
59
loaded with Fe. When RPE were loaded with Fe added to
59
apical side, most (80%) of the Fe efflux was towards the
59
apical side; the same was true of Fe loaded from the
basolateral side. In conclusion, hypoxia decreases the
cellular content of iron, both by limiting its uptake and by
increasing its efflux from RPE cells, and changing the
polarity of this process. These are likely protective
mechanisms, reducing the production of toxic free radicals in
a low oxygen environment.
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HOMOTRIMERIC MIF SENSITIZES TO P. AERUGINOSAINDUCED OCULAR KERATITIS
M. Gadjeva, IM02
Medicine, Brigham and Womens Hospital, Boston, MA, USA
Acute inflammation that arises during P. aeruginosa-induced
ocular infection can trigger tissue damage resulting in longterm impairment of visual function, suggesting that the
appropriate treatment strategies should include the use of
anti-inflammatory agents in addition to antibiotics. We
identified a novel therapeutic target to regulate during ocular
keratitis-macrophage migration inhibitory factor (MIF). MIF
deficiency protected mice from inflammatory-mediated
corneal damage occurring during infection. This protection
was exemplified by decreased pathology and improved
bacterial clearance. To gain a better understanding of the
molecular mechanisms of MIF activity, we analyzed the
oligomeric states and functional properties of MIF during
infection. We found that MIF transitioned from monomeric to
homotrimeric MIF states during P. aeruginosa-induced
infection of human primary corneal cells in vitro and in the
infected corneas in vivo. MIF homotrimers correlated with
the severity of infection, suggesting that the MIF
homotrimers are the functionally active form of the molecule.
These findings imply that inhibiting the homotrimerization of
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APPROPRIATE MANAGEMENT OF ENDOGENOUS
ENDOPHTHALMITIS: NO LONGER A QUESTION FOR
SINGLES
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MIF or the functional activities of MIF homotrimers could
have clinical benefits during ocular inflammation.
Consistently, treatment of infected wild type mice with antiMIF polyclonal Ab resulted in improved recovery from
infection.

performed to confirm expression of all investigated proteins
on protein level. Regulation of OPN receptor expression
after stress induction with H2O2 (150 µM) was analyzed by
Real time RT-PCR. The metabolic cell activity was estimated
by CellTiter 96 Aqueous MTS Assay. OPN and integrin
receptors (Intα4, -5, -6, Intβ1, -3, -5 and -8) as well as the
non-integrin receptor CD44 are expressed in cultivated HCE
and HCjE-Gi cells under normal culture conditions. These
results have been confirmed on protein level for all receptors
excluding integrin receptor av. OPN is upregulated in a
variety of cells during inflammation, autoimmune diseases
and tumor pathogenesis. OPN is considered to play an
important role in tissue preservation and regeneration. Here
we showed that OPN and its most relevant receptors were
expressed and regulated in cultivated HCE and HCjE-Gi
cells. In further experiments we will investigate possible
changes in receptor expression and metabolic cell activity
during inflammatory and non-inflammatory processes.
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FRESH AND CRYOPRESERVED AMNIOTIC MEMBRANE
SECRETE TREFOIL FACTOR FAMILY PEPTIDE (TFF) 3
THAT CAN PROMOTE CORNEAL WOUND HEALING
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Ocular surface ulcerations and other corneal defects are
often treated with amniotic membranes (AM). Trefoil factor
family (TFF) peptide 3 is produced by conjunctival goblet
cells, participates in tear film physiology and has also been
shown to be involved in ocular surface restitution after
corneal injury. In the present study, we questioned whether
AM also might be a source of TFF3 and if so whether the
secretion rate of TFF3 is changed by proinflammatory
cytokines or by cryopreservation of AM. By means of RTPCR, the mRNA expression of all three known TFF peptides
could be detected in AM. Immunohistochemistry on paraffinembedded sections localized TFF3 protein and also TFF2 in
AM cells and Western blot analysis revealed TFF3 protein in
AM. Stimulation experiments with proinflammatory cytokines
and subsequent TFF3 ELISA measurements revealed that
the secretion rate of fresh or cryopreserved AM was not
significantly changed. The results indicate that TFF peptides
are produced by AM. TFF3 may contribute to ocular surface
wound healing after AM transplantation, however its
production by AM is not further inducible by proinflammatory
stimuli. Cryopreservation has no effect on the secretion rate
of TFF3 supporting the use of cryopreserved AM for
transplantation.

ENHANCED SURVIVAL OF RETINAL GANGLION CELLS
IN ENDOTHELIN B (ETB) RECEPTOR-DEFICIENT RATS
IN A RODENT MODEL OF GLAUCOMA
1

1

1
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Purpose: Endothelin-1 (ET-1) plays an important role in the
pathogenesis of glaucoma. However, the receptors
mediating these effects remain to be identified. Recently,
ETB receptors have gained increased attention for their
neurodegenerative role in glaucoma. This study investigated
whether there are any changes in the expression of ETB
receptors, in vivo, in a rodent model of glaucoma and
whether these neurodegenerative effects could be
attenuated in ETB receptor-deficient transgenic rats.
Methods: Intraocular pressure (IOP) was elevated in one
eye of male retired breeder Brown Norway rats using the
Morrison´s method, while the contralateral eye served as
control. Animals were sacrificed after 2 or 4 weeks of IOP
elevation. Retinal sections were stained for ETB receptor
expression by immunohistochemistry. For receptor binding
assays, IOP was elevated in one eye of the Brown Norway
rats, while the contralateral eye served as control. Following
two weeks of IOP elevation, rats were sacrificed; retinas
isolated and 3 µg of retinal membrane extracts were used for
each binding assay. In separate experiments, retrograde
labeling of retinal ganglion cells (RGCs) was carried out in
wild type (WT) and ETB receptor-deficient (KO) rats prior to
IOP elevation. After IOP elevation for 2 or 4 weeks, animals
were sacrificed, retinas dissected, flat-mounted, and
surviving RGCs were imaged and counted.
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REGULATION OF OSTEOPONTIN ASSOCIATED
RECEPTOR PROTEINS IN HUMAN CONJUNCTIVAL AND
CORNEAL EPITHELIAL CELLS AFTER H2O2 STRESS
INDUCTION
J. Lehmann, K. Hoffmann, F. Garreis, F. Paulsen, M. Scholz
Anatomy2, University Erlangen-Nuremberg, Erlangen,
Germany
Osteopontin (OPN) is an aqueous humor factor, associated
with degenerative changes of the optic nerve and the retina
in DBA2/J mice. Furthermore OPN may contribute to wound
healing, neovascularization, neuroprotection and remodeling
of extracellular matrix in the eye. In this study we
characterized the expression and regulation of OPN as well
as the non-integrin OPN receptor CD44 and the subunits of
the most prevalent integrin-type receptors in nonstimulated
and H2O2-stressed human conjunctival (HCjE-Gi) and
corneal epithelial cells (HCE). Basal expression of OPN as
well as the integrines α 4, 5, 6, v and β 1, 3, 5, 8 and the
cell-surface glycoprotein CD44 have been analyzed by RTPCR. Western Blot analyses and immunofluorescence were

Results: Retinas of IOP elevated eyes showed increased
immunostaining for ETB receptors mainly in nerve fiber and
ganglion cell layer. Receptor-binding experiments revealed
2- to 4-fold increase in number of ETB receptor binding sites
(Bmax) in the retina following IOP elevation. Loss of RGCs
was significantly attenuated in ETB receptor KO rats,
compared to WT rats. Neurodegenerative changes in the
optic nerve were also greatly reduced in ETB receptor KO
rats.
Conclusion: ETB receptors appear to play a causative role
in endothelin-1 mediated degenerative effects on RGCs.
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Background and aims: We are currently investigating
methods to alter lens growth rates to slow presbyopia
through laser ablation of germinative zone lens epithelium
(GZ LE). To validate our models, we are working with pig
lens epithelial cell capsulectomies. We want to assess the
percentage of GZ LE cells that are in the mitotic state by
applying the DNA marker, 5-bromo-2´-deoxyuridine (BrdU),
as well as determine the percentage of apoptotic and
necrotic cells using TUNEL, a DNA fragmentation marker,
and BOBO-3, a membrane viability marker, respectively.

P074
OCULAR PHARMACOKINETICS AND ANTI-ANGIOGENIC
EFFICACY OF AN ANTISENSE OLIGONUCLEOTIDE
TARGETING INSULIN RECEPTOR SUBSTRATE-1
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Methods: Fresh pig eyes were obtained from a local
abattoir. The capsules were removed to isolate LE cells and
collected in media. Following a one hour equilibration, they
were transferred to media containing 10 µM BrdU. The
capsules were then processed for BrdU visualization and
stained for light microscopy. Cells with nuclei that contain
positive stain were counted and documented using an
AZ100 microscope with a DSri1 digital camera. Samples
were examined to determine the amount of labeling and cell
characteristics.

Aganirsen is an antisense oligonucleotide that inhibits insulin
receptor substrate-1 (IRS-1) expression and promotes
regression of pathological corneal neovascularization in
patients. In this study, we examined the ocular
pharmacokinetics and anti-angiogenic activity of Aganirsen
in rabbit and nonhuman primate models following topical
administration.

Results: Approximately 1% of cells counted were labeled
with BrdU. We would expect that the lens growth rate has
started to slow in a 6-month-old pig, so this rate appears to
be appropriate for that age range. However, we were not
successful in maintaining full integrity of the cells on the
capsule explants, such that we saw several cells that were
not in what is thought to be the GZ. Further refinement of the
techniques to establish the GZ LE cells will provide us with a
more accurate assessment.

Iris/ciliary body and retina were isolated 15-120 minutes
following administration of Aganirsen (86 µg) to corneas of
adult male New Zealand albino rabbits. Retinal penetration
was also evaluated in African green monkeys following
topical administration (21.5, 43 and 86 µg). Efficacy was
evaluated in an African green monkey laser-induced CNV
model following repeat daily topical administration to eyes
(16 days, beginning 2 days prior and continuing 14 days
post-laser photocoagulation).

Conclusions: This model will assist our lab in evaluating
presbyopia treatments that might alter the growth rate of the
lens, as well as assessing the type of damage that is done to
the epithelial cells during laser treatment.

Aganirsen levels peaked in iris/ciliary body and retina 90
minutes after administration with retinal penetration
estimated at 0.83% of active compound in rabbits. In
monkeys, significant dose-dependent increases in retinal
penetration were observed 90 minutes (p< 0.0001; 21.5 µg
vs. 86 µg) and 8 hours (p=0.009; 21.5 µg vs. 86 µg) after
dosing between eyes receiving 21.5, 43 or 86 µg of
Aganirsen. Significantly lower retinal IRS-1 protein levels
were observed in eyes receiving 43 (p=0.0039) and 86 µg
(p=0.031) doses compared with those receiving the 21.5 µg
dose.
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HIGH RESOLUTION IMAGING OF AUTOFLUORESCENT
PARTICLES WITHIN DRUSEN USING STRUCTURED
ILLUMINATION MICROSCOPY

In the CNV model, Aganirsen significantly and dosedependently attenuated laser-induced neovascular leakage
(p< 0.05; vehicle vs. 86 µg Aganirsen for incidence of grade
IV lesions) and CNV complex formation (p< 0.001; vehicle
vs. 86 µg), determined by fluorescein angiography and
optical coherence tomography respectively.
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1

1

Purpose: Autofluorescent material within drusen has rarely
been described and there is little knowledge about origin and
formation of these particles. Drusen formation is still a
relatively unknown process and analysis of autofluorescent
inclusions might be important for the understanding of
fundamental processes. Here we present a detailed analysis
of drusen containing autofluorescent material using
Structured Illumination Microscopy (SIM), which provides a
lateral resolution twice as high as conventional fluorescence
microscopy.

P075

Methods: Eight histological RPE sections obtained from
eight human donor eyes (76 ± 4 y) were examined by SIM
using laser light of different wavelengths (488, 568). Drusen
were studied regarding size and shape. AF material within
drusen was analyzed in terms of size, shape, AF behavior
and distribution across drusen.

ESTABLISHING ANTERIOR EPITHELIAL CELL
VIABILITY IN PIG LENS EPITHELIAL CELL EXPLANTS
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Pharmacokinetics studies demonstrated retinal penetration
of Aganirsen at therapeutically relevant doses following
topical dosing. Putative mechanisms of ocular kinetics of
Aganirsen following topical delivery will be further discussed.
Anti-angiogenic efficacy was confirmed in the retina following
topical delivery. This work strongly supports phase II testing
of Aganirsen for human retinal neovascular diseases.
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Results: A total of 441drusen was found, of which 101
contained AF material (22.9%). 90.1% of these drusen were
smaller than 63 µm (mean: 35.65 µm ± 2.38µm) regardless
of whether classified as hard or soft drusen. AF particles (n=
190) within drusen show similar spectra compared to
lipofuszin (LF) granules in RPE cells. Up to 11 particles were
found within one single druse. Nearly all particles were
located in the lower 2/3 of the drusen (85.94%).

AGE IS NO BARRIER TO SUCCESSFUL AMBLYOPIA
THERAPY
1

1

2

Materials and methods: A prospective study of 70
consecutive cases with unilateral, dense amblyopia was
conducted at a tertiary referral center from Jan 2010December 2011. They were divided into 3 age groups: age
3-7 years= 30 cases, 8-12 yrs=30 cases, 13-35 yrs=10
cases. All patients had some degree of anisometropia; 3
children had stimulus deprivation amblyopia due to traumatic
cataract (age=5 and 7 years), 55 patients presented with
strabismus. all patients were given optimal refractive
correction for a month and then full-time occlusion therapy
was started along with near visual activities for 2-3
hours/day. They were closely followed-up at regular intervals
of 1 day / year age. Occlusion therapy was continued till
maximum visual recovery was achieved (6/6 snellen´s).
Then it was gradually weaned and stopped. Patients were
followed-up at 2 weeks, 1 month, 2 months,then every 3
months for the next 18 months.

P077
UBIQUITIN LIGASE CHIP SELECTIVELY ENHANCES
THE DEGRADATION OF MUTANT CRYSTALLINS AND
PREVENTS THEIR ACCUMULATION AND
AGGREGATION IN LENS CELLS
2

2

Objective: To find out how much visual improvement occurs
by full-time occlusion therapy in all amblyopes irrespective of
their ages.
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Conclusions: Structured Illumination Microscopy (SIM) is
able to detect considerably more autofluorescent particles
within drusen than conventional fluorescence microscopy
and provides detailed insights. Shape and autofluorescence
profiles of the material embedded in drusen suggest that
these particles originate from the overlaying RPE cells.
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Results: The preverbal children presenting with constant
esotropia and poor fixation achieved freely, alternating
esotropia and equal fixation with either eye iwithin one
month of therapy. All literate patients had dense amblyopia
with vision of counting fingers-6/60. They achieved 6/6
Snellen´s visual acuity after 2 months of constant full-time
patching in all 19 literate cases, (100%) in the 3-7 year age
group. in the 8-12 year age group, out of 30 cases, 28
(93.3%) achieved 6/6 vision in two months, 2 cases
achieved 6/24 vision due to eccentric fixation. in the 13-35
year age group, 6/6 Snellen´s visual acuity was achieved in
8 out of 10 cases (80%), two cases did not improve beyond
6/18 due to poor compliance.

Purpose: The objective of this study was to investigate
whether or not enhancement of the ubiquitin conjugating
activity reduces the aggregates of mutant crystallins in the
cells.
Methods: Two cataract-associated mutant crystallins, T5PγC-crystallin and V76D- γD-crystallin as well as their
corresponding wild type, were fused with red fluorescence
protein (RFP) and expressed in human lens epithelial cells
(HLEC) and HeLa cells. To investigate the selectivity of a
ubiquitin ligase CHIP, and a ubiquitin conjugate enzyme
Ubc5, in degradation of mutant crystallins, wt and mutant γcrystallins were co-transfected with either CHIP or Ubc5 into
HLEC or HeLa cells. The intracellular aggregates of the
RFP- γ- crystallin fusion proteins were quantified using
fluorescence microscopy. The protein levels of both wild type
and mutant crystallins were determined with Western blotting
analysis.

Conclusion: Full-time patching is the standard treatment for
any type and severity of amblyopia.
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Results: Wild type γC- and γD-crystallins were evenly
distributed in cytoplasm, whereas T5P- γC- and V76D- γDcrystallins formed perinuclear and nuclear aggregates,
respectively. Over-expression of either CHIP or Ubc5
reduced the number and size of aggregates of the mutant
T5P-γCand
V76DγDmutant
γ-crystallins.
Overexpression of Ubc5 generally enhanced the degradation
of both wild type and mutant-crystallins. However,
expression of CHIP selectively enhanced the degradation of
mutant γ-crystallins. This result was further confirmed by
cycloheximide chase assay. Consistent with the selective
degradation of mutant γ- crystallins, only mutant γ-crystallins
were found ubiqutinatined on the cells.

P079
INTERNET-BASED VISUAL EXCERCISES IN SUPPORT
OF OCCLUSION TREATMENT IN AMBLYOPIA
U. Kämpf
Research Department, Caterna GmbH, Dresden, Germany
Gold standard treatment of amblyopia is the occlusion of the
stronger eye in order to strengthen the weaker eye's
contribution to the visual process. A variety of
complementary treatment methods include, in addition,
exercises for both eyes (orthoptics) vs. stimulation for the
weak eye alone (pleoptics).

Conclusions: The data show that both CHIP and Ubc5
could reduce aggregation of mutant crystallins by promoting
their degradation. However, it appears that CHIP has greater
selectivity than Ubc5 in promoting the degradation of mutant
crystallins. Together, these data suggest that enhancement
of CHIP activity in the lens may be a valid strategy for
selective removal of mutant and abnormal proteins in order
to prevent their accumulation and aggregation in lens.

In the mid of the 90ies, our interdisciplinary research group
of ophthalmologists, IT developers and neuroscientists at the
Dresden University of Technology implemented pleoptic
visual stimulation in support of occlusion into a computerbased complementary amblyopia treatment system. Initially,
we were aimed to find stand-alone software solutions for a
local PC environment in order to enable our patients to
perform the visual exercises at home (www.spielen-stattschielen.de). Nowadays, we are able to offer the computer-
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based visual exercises via an internet-based web-service
which can be accessed using password-protected login.
Therefore, our internet-based stimulation treatment of
amblyopia is offered by the Caterna GmbH Dresden,
connecting patients and their doctors in a modern e-health
platform (www.caterna.de).

АDJUSTMENT OF SURGICAL OUTCOME IN
TREATMENT OF STRABISMUS

The theoretical background of our proposed stimulation
treatment is to regain the disordered temporal
synchronization of reverberating neuronal assemblies
(“synfire chains”) in the visual cortex in order to compensate
for spatial-phase losses in the filters of frequency-selective
sensory channels. The latter are assumed to be the
predominant reason for a specific symptome cluster of
disorder in amblyopia, namely, the so-called spatial
distortions.

Purpose: To estimate efficiency of outcome adjustment in
surgical treatment of ocular strabismus.

V. Fokin, V. Gorbenko
S.Fyodorov Eye Microsurgery Federal State Institution
Volgograd Branch, Volgograd, Russia

Methods: The proposed technique suggests outcome
correction in a way when hypereffect could be neutralized
the day following the surgery. Method consists of a weak
muscle tenorrhaphy with three adjustable sutures
accompanied with laxating surgery on antagonist muscle.
The described technique was applied in 22 patients, in which
16 persons had esodeviation and 6 persons suffered from
exodeviation. Deviation angle varied from 15˚ to 30˚. Age
ranged from 15 to 55 years.

The stimulus itself is a continuously drifting grating pattern of
sinusoidal contrast modulation with complementarily tuned
spatial vs. temporal frequency parameters. For the
treatment, this pattern has been implemented as a
background stimulus into simple internet-accessible webgames. These games serve for the attraction of the patients'
attention.

Results: Postsurgical orthotropy was achieved in 19
patients (86%). Hypereffect of 5˚ was registered in 2 cases
(9%) and was eliminated by middle adjustable suture
removal from the muscle under tenorrhaphy. Hypereffect of
10˚ was observed in 1 case (5%) and was neutralized by
removal of two lateral sutures.

Thus, our web-based computer exercises are aimed to give
additional visual stimulation to the amblyopic eye. They have
been proved by clinical investigation to be especially of value
for therapy-resistant patients.

Conclusion: Option of postoperative outcome adjustment in
treatment of strabismus enables safe management of
hypereffect spare of additional surgical procedures.
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UNILATERAL AMBLYOPIA: AN OPTICAL COHERENCE
TOMOGRAPHY FINDINGS

RESULTS OF THE KULMBACH OPHTHALMOLOGIC
PREVENTION PROJECT (K.O.P.P.)

A.G. Alotaibi, B. Alenazi

1

2

3

G. Petzold , W. Haase , U. Kämpf , Project group Kulmbach
Early Prevention of Amblyopia

King Saud University, Riyadh, Saudi Arabia
Purpose: This study was performed to measure the macular
and the retinal nerve fiber layer (RNFL) thicknesses using
optical coherence tomography (OCT) in patients with
unilateral amblyopia.

1

Practice-Project Group Kulmbach Prevention of Amblyopia,
2
Kulmbach, Professor emeritus, Project Group Kulmbach
3
Early Prevention of Amblyopia, Hamburg, Project Group
Kulmbach Early Prevention of Amblyopia, Dresden,
Germany

Methods: Measurement of the Retinal nerve fiber layer and
Macular Retinal Layer thickness for both amblyopic and
normal fellow eyes by (OCT) was carried out at king
Abdulaziz University Hospital, Riyadh, Saudi Arabia. The
results were analyzed statistically using SPSS version16 and
medcalc version8. Comparision was performed using
student's t test. P values less than 0.05 were considered to
be significant.

Since 2001 five ophthalmologists and the clinical centre of
Kulmbach cooperate in order to implement a prevention
project “Early Diagnosis of Amblyopia in Tropicamid
Cycloplegia”.
Two cross section trials in 2005 and 2008 show differences
in the frequency of occurrence regarding strabismus and
amblyopia before and after the introduction of preventive
ophthalmological care. Among 695 children in 2005, aged 5
to 7, without early preventive care, strabismus was found by
preschool examination in 33 cases (4.8 %), supplemented
by 5 cured cases (total n=38, i.e. 5.6 %).

Results: Ninety-three patients with unilateral amblyopia
between the ages of 5 years and 12 years were included.
The identified amblyogenic factor was strabismus in 36
(38.7%), anisometropia in 33 (35.4%), and mixed type in 24
(25.8%). The macular retinal thickness and the RNFL
thickness were measured using OCT. The mean macular
retinal thickness was 259.3 µm and 255.6 µm, and the mean
RNFL thickness was 112.16 µm and 106 µm, in the
amblyopic eye and the normal eye, respectively. OCT
assessment of RNFL thickness revealed a significantly
thicker RNFL in amblyopic eye (P< 0.0001), but no
statistically significant difference was found in macular retinal
thickness (P=0.195).

Among 466 children who were subject to early preventive
care, the preschool examination in 2008, of the same age as
the former ones in 2005, 12 were strabismic (2.6 %);
however, among 205 children of 2008 without early
preventive care there were also 12 strabismic participants
(5.8 %).
The rate of children with amblyopia is also a question of
definition. Children in the age of five and six years attain a
median of visual acuity of 1.0 for single optical characters
(Landolt rings), however only 0.5 (5 years old) and 0.63 (6
years old) for row optical characters. The standard deviation
in each case is one decibel step.

Conclusion: The amblyopic process may involve the RNFL,
but not the macula. However, further evaluation is needed.
COI/Financial disclosure: Nothing to disclose

If we define a visual acuity of 0.63 or less (single optical
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characters) regarding at least one eye as an amblyopic
condition, so we found in 2005 without preventive care 45
children (6.5 %), whereas in 2008 among the participating
group without the early prevention we found 14 children from
205 (6.6%) and among 466 children under preventive care
there were n=13 (2.8 %).

1

2

2

2

2

Ophtalmologie, Universite Laval, LOEX/CUO-Recherche,
3
Centre de recherche du CHA, Ophtalmologie, Universite de
Montreal, Quebec, QC, Canada
Purpose: To characterize and to assess the in vivo
functionality of a corneal endothelium tissue-engineered
using Fuchs endothelial corneal endothelium (FECD) cells

The rate of strabismus as well as amlyopia remained in the
same range in 2005 and 2008 without early preventive care.
However for children who took part in early prevention, this
rate was diminished by more than 50 %.

Methods: Descemet's membranes from patients undergoing
Descemet stripping automated endothelial keratoplasty were
used to isolate and culture FECD endothelial cells. Second
or third-passaged FECD endothelial cells were seeded on
top of a previously decellularized human cornea. After 2
weeks in culture, the tissue-engineered corneas were either
characterized in vitro (n=6) or grafted in vivo in the feline
animal model (n=8). In vivo assessment included slit lamp
observations,
pachymetry
and
optical
coherence
tomography. In vitro and postmortem assessment included
histology, transmission electron microscopy (TEM) and
immunofluorescence labeling of various proteins.
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P083
EFFECTS OF ROCK INHIBITOR Y-27632 ON HUMAN
CORNEAL ENDOTHELIUM EX VIVO AND IN VITRO
A. Pipparelli, M. Nicolas, F. Majo
Hôpital Ophtalmique Jules Gonin, Université de Lausanne,
Lausanne, Switzerland

Results: Cell cultures were successfully initiated in 62% of
the FECD specimens. Patient's age and the absence of a
fibrillar layer correlated with culture success. The
endothelium tissue-engineered from FECD cells consisted in
an intact monolayer of polygonal cells well-adhered to
Descemet's membrane. It expressed the function-related
+
+
+
proteins Na -K /ATPase a1 and Na /HCO3 . Clusterin
expression was faint and uniform in all constructs. After
transplantation, pachymetry gradually decreased and
transparency increased. Seven days after transplantation, 6
of 8 grafts were clear. Post-operative TEM showed
subendothelial loose fibrillar deposition.

Purpose: Previous studies have shown that the ROCK
inhibitor Y-27632 promotes adhesion, inhibits apoptosis,
increases the number of proliferating monkey corneal
endothelial cells in vitro and enhances corneal endothelial
wound healing both in vitro and in vivo in animal models.
The present study was conducted to determine the effects of
Y-27632 on Human Corneal Endothelial Cells (HCEC) ex
vivo and in vitro.
Methods: As an ex vivo model, the endothelial cell density
(ECD) of 6 pairs of human cornea was determined using a
standard Eye Bank counting method just after procurement
and then organ cultured during 15 days. Standard ECD
determination was repeated and corneas were organ
cultured with or without 10uM of Y-27632 during another 15
days. ECD, cell proliferation, apoptosis and cell
morphometry was evaluated by standard counting method,
EdU labelling, Ki67, Caspase3, Zo-1 and Actin
immunostaining. As an in vitro model, HCEC were cultured
in a medium containing 10uM Y-27632 and cells
characteristics were assessed by the same techniques than
in the ex vivo study. HCEC culture was also scraped to
create a linear defect and the wound distance was then
determined during 24h in the presence or absence of 10uM
of Y-27632.

Conclusions: This study demonstrates that corneal
endothelial cells from patients with end-stage FECD still
retain proliferative capacity and that these cells can be
isolated, cultured and used to engineer a corneal
endothelium. Restoration of corneal thickness and
transparency demonstrates that these tissue-engineered
FECD grafts are functional in vivo. Potential applications are
numerous, including in vitro pathophysiological and
pharmacological studies.
Support: CIHR, FRQS Research in Vision Network,
Fondation du CHA.
COI/Financial disclosure: Nothing to disclose

Results: As well ex vivo as in vitro, ECD, cell proliferation
(EdU+ and Ki67+ cells) and apoptosis (Caspase3+ cells)
were not different between the control group and the Y27632 group while a morphological modification of the
cytosqueleton was observed in the Y-27632 group both ex
vivo and in vitro. The mean wound healing in the HCEC
culture was significantly faster in the Y-27632 group than in
the control group.
Conclusions: These
has no effects on the
promotes
corneal
enhancement of cell
remodelling.
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P085
CLINICAL AND HISTOMORPHOLOGICAL
INVESTIGATION OF A NEW 355 NM UV-LASER IN AN
ANIMAL MODEL
1,2

2

2

2

F. Schroedl , A. Trost , B. Bogner , C. Runge , C.
2
2
3
3
Strohmaier , G. Grabner , A. Hilpert , I. Zimmermann , H.
2
Reitsamer

results suggest that ROCK inhibitor
HCEC proliferation and apoptosis but
endothelial
wound
healing
by
migration and endothelial monolayer

1

2

Anatomy, Ophthalmology, Paracelsus Medical University,
3
Salzburg, Austria, Anatomy I, Friedrich Alexander University
Erlangen-Nürnberg, Erlangen, Germany
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Purpose: A new 355nm UV laser was used for creation of
corneal flaps in an acute and chronic rabbit model. Aim of
this study was to test for clinical, morphological and
molecular biological alterations.

P084
TISSUE ENGINEERING AND TRANSPLANTATION OF A
CORNEAL ENDOTHELIUM USING CELLS FROM
PATIENTS WITH FUCHS ENDOTHELIAL CORNEAL
DYSTROPHY

Methods: Corneal flaps (depth 130 µm; flaps kept in place)
were created with a nanosecond laser (Schwind SmartTech;
wavelength 355nm; pulse frequency 150 kHz; pulse duration
0.5-1.0ns; pulse energy 2.2µJ; 7J/cm2 total dose; spot
spacing 6x6 µm; side cut Δz 1µm) in anesthetized rabbits
211

(local and general anesthesia; chinchilla bastards),
postoperatively followed by standard anti-inflammatory
treatment (for up to 7 days). Following slit lamp examination,
animals were sacrificed at 6/12/24 hrs and 4 weeks after
treatment. Prior to that aqueous humor was removed and
screened for immediate early genes of inflammation (TNF-α
and IL6) via ELISA. Corneas were prepared for histological
and ultrastructural investigations.

P087

Results: Laser treatment was well tolerated, no clinical or
molecular-biological signs of inflammation over the period
investigated were detectable. The superficial cutting edge
showed dehiscence (species dependent), the sharp vertical
stromal cut revealed minimal lateral damage of adjacent
collagen lamellae. Following the vertical cut, epithelial cells
were found in the stroma. At week 4, the vertical cut was
fully epithelialized, with thickened epithelium, but no signs of
vascularization. Descement membrane and endothelium
stayed intact without signs if impairment.

Department of Ophthalmology, Keio University School of
2
Medicine, Tokyo, Department of Ophthalmology, Tokyo
Dental College Ichikawa General Hospital, Ichikawa, Japan

FUNCTIONAL TISSUE ENGINEERED CORNEAL
ENDOTHELIUM DERIVED FROM MOUSE CORNEAL
STROMA STEM SELLS
1

1

2

1

1

S. Hatou , S. Yoshida , K. Higa , H. Miyashita , K. Tsubota ,
1
S. Shimmura
1

Purpose: Corneal endothelial dysfunction remains a
common indication for keratoplasty, accounting for half of the
total number of such procedures. Corneal endothelium as
well as corneal stroma originates from the neural crest. We
previously reported the isolation of Cornea-derived
Precursors (COPs), which have characteristics of multipotent
neural crest-derived stem cells, from mouse corneal stroma.
In this presentation, we report tissue engineered corneal
endothelium (TECE) derived from COPs.

Conclusion: This new UV-laser showed no serious clinical
as well as morphological tissue alterations in the time frame
investigated and therefore most likely represents a useful
tool for future corneal surgery. Further tests with extended
post surgical time and subsequent structural analysis are
necessary to prove its suitability.

Methods: We cultured COPs from mouse corneal stroma in
the specific endothelium-inducing medium including retinoic
acid, glycogen synthase kinase 3-beta inhibitor, and TGF
beta-2 for one week to induce TECE. Quantitative RT-PCR
was performed to detect markers characterizing corneal
endothelium (Na,K-ATPase α1-subunit, carbonic anhydrase,
Na,HCO3 co-transporter, collagen IV, collagen VIII, and
Pitx2). The pump function attributable to Na,K-ATPase
activity of TECE was measured with an Ussing chamber,
and compared with that of primary cultured mouse corneal
endothelial cells (mCE) and 3T3 cells. Transplantation of
TECE with carrier collagen sheets into rabbit corneas was
performed to evaluate in vivo TECE pump function.
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CORRELATIONS BETWEEN TEAR CYTOKINES,
CHEMOKINES, AND SOLUBLE RECEPTORS AND
CLINICAL SEVERITY OF DRY EYE DISEASE
K.-S. Na, J.-W. Mok, J.-S. Paik, C.-K. Joo

Results: After one week culture, hexagonal mosaic pattern
monolayer TECE was obtained from COPs. Quantitative RTPCR revealed significant increases of the expressions of all
of the above markers. Na,K-ATPase pump activity of TECE
2
(298.8±53.3µA/cm ) was significantly higher than COPs
2
2
(15.2±4.6µA/cm ) and 3T3 (40.8±9.6µA/cm ) cells, and 2.6fold higher than cultured mouse corneal endothelial cells
2
(116.3±34.4µA/cm ). TECE transplanted into rabbit corneas
maintained
transparency
and
corneal
thickness
(497.5±104.9µm), whereas corneas transplanted collagen
carrier sheets alone and corneas stripped of endothelium
showed marked edema and increased corneal thickness
(former; 908.2±244.7µm, latter; 1105.8±165.9µm).

The Catholic Univ. of Korea, Seoul, Republic of Korea
Purpose: To determine cytokine and chemokine
concentrations in the tears of dry eye disease (DED) patients
and analyze the possible relationships with the clinical
severity of DED.
Methods: Patients were examined using the Ocular Surface
Disease Index, corneal and conjunctival staining, tear
breakup time, and impression cytology. They were divided
into 4 groups according to the Dry Eye Workshop severity
classification. Tears were collected from 324 DED patients
and 70 healthy controls. Median fluorescent intensity was
used to calculate the cytokine/chemokine concentrations.

Conclusions: We successfully derived TECE from mouse
corneal stromal cells (COPs), which has plenty pump
function to maintain corneal thickness in vitro and in vivo.

Results: Nineteen molecules were significantly different in
the DED patients' tears. In these patients, the levels of
cytokines IL-1β (p < 0.05), IL-6 (p < 0.001), IL-16 (p <
0.001), IL-33 (p < 0.05), G-CSF) (p < 0.001), and TGF-α (p <
0.05) were significantly higher, while those of cytokines IL-4,
IL-12, IL-17, and IFN-γ (p < 0.001) were significantly lower.
The levels of chemokines CXCR1, CCL2, CCL15, and
CXCL5 (all p < 0.001) and sIL-1RI (p < 0.05), sgp130 (p <
0.05), sIL-6R (p < 0.001), sEGFR (p < 0.05), and sTNF RII
(p < 0.001) were higher in the DED patients. There were
significant correlations between these molecules and the
clinical severity of DED.

COI/Financial disclosure: The project for realization of
regenerative medicine, Ministry of Education, Culture,
Sports, Science and Technology-Japan
P088
INTRODUCING A NEW PARAMETER FOR THE
ASSESSMENT OF DRY EYE SYNDROME
1

2

2

M.H. Ring , D.F. Rabensteiner , I. Boldin , J. Horwath2
1
Winter , T. Haslwanter

Conclusions: Fifteen molecules were elevated in the tears
of the DED patients; 4 molecules were decreased. These
molecules' levels in tears were correlated with the clinical
severity of DED. Cytokine, chemokine, and soluble receptor
levels in tears are possibly biomarkers of DED severity.
Moreover, the pathogenesis of DED may involve
inflammatory events.

1

Department of Medical Engineering, University of Applied
2
Sciences Upper Austria, Linz, Department of
Ophthalmology, Medical University of Graz, Graz, Austria
Background: The diagnosis of Dry Eye Syndrome is a
challenging task for clinicians since many of the commonly
performed procedures have a high variability. The purpose
of this study was to understand the relationship between a
new, objective clinical parameter, which we have called
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“corrected lipid layer stabilization time”, and commonly
performed clinical tests for Dry Eye patients.

enter the corneal stroma within 6 hours after DB wounds.
The sub-basal stromal nerves at the anterior stroma are
damaged by both wound types but the RB wounds damage
more of the deeper nerve bundles. In addition, around
erosion sites, we find fewer sub-basal nerves.

Methods: Data were obtained from a prospective clinical
study with 54 patients of different subjective severity, as
determined with the Ocular Surface Disease Index (OSDI).
The dynamics of the tear film lipid layer were made visible
through a diffuse white light source and were stored digitally.
The stabilization time was defined as the duration between
the beginning of the opening phase of each blink until the
time when no more significant movement of the tear film lipid
layer was visible. Since the distance between upper and
lower eyelid affects the lipid layer dynamics and varies
significantly between subjects, the distance of the eyelids
was determined and used to correct the lipid layer
stabilization time. The resulting parameter was compared
with common clinical procedures.

Taken together, these data suggest that after DB wounds,
excessive numbers of immune cells are recruited into the
corneal stroma damaging stromal collagens and
proteoglycans and leading to persistent chronic inflammation
and erosion formation. RB wounds create more initial
corneal stromal damage, induce apoptosis of more stromal
cells, and damage more stromal nerves. Yet, they induce an
immune response that allows wounds to resolve. Future
studies will be directed at determining the factors that
promote healing after RB wounds and those that induce
excessive immune cell influx after DB wounds.

Results: The corrected lipid layer stabilization time has a
highly significant correlation with tear film breakup time
(TFBUT, Spearman r = -0.475, P < 0.01), Schirmer I test (r =
-0.429, P < 0.01) and with the OSDI (r = 0.497, P < 0.01). It
also correlates with the corneal fluorescein staining score (r
= 0.331, P < 0.05), but shows no correlation with the
osmolarity of the tear film. Without the correction for the
eyelid opening, the correlations decrease considerably.

P090
ANTIBIOTIC RESISTANCE IN CORNEAL
PRESERVATION MEDIA
1

2

2

3

T.O. Wood , B. McLaughlin , J. Mohay , H. Dickson , Cornea
1

Ophthalmology, University of Tennessee, Memphis, TN,
3
University of Kentucky, Louisville, KY, Baptist Memorial
Hospital, Memphis, TN, USA
2

Conclusion: These data suggests that the diagnostic value
of the lipid layer stabilization time for the assessment of the
severity of Dry Eye Syndrome increases considerably when
it is corrected by the distance of the eyelids.

Endophthalmitis following corneal transplantation is the most
common ocular infection seen after elective ophthalmic
surgery. Streptococcus produces a rapidly devastating
infection and occurs usually within 24 hours post operatively.

COI/Financial disclosure: Nothing to disclose

To decrease the number of Gram positive cultures we began
immersing donor and host corneas in Vancomycin (VAN)
1mg/ml BSS for 15 minutes prior to suturing the donor into
the recipient. Ninety corneas were cultured without
immersion in VAN and 85 after VAN. The VAN reduced
donor positive cultures from16.7% to 9.6%. Five non VAN
immersed donor corneas grew streptococcus whereas none
of
the
VAN
immersed
corneas
grew
streptococus.Endophthalmitis did not occur in any patients in
this series.

P089
BASEMENT MEMBRANE REMOVAL REDUCES
INFLAMMATION AND ELIMINATES RECURRENT
EROSIONS IN THE MOUSE
M.A. Stepp, A. Pajoohesh-Ganji, G. Tadvalkar, S. Pal-Ghosh
Anatomy and Regenerative Biology, The George
Washington University Medical Center, Washington, DC,
USA

Continuing our research we cultured 923 donor and 895 host
corneas that had been immersed in VAN, Forty two donor
and forty host corneas grew coagulase negative
staphylococcus(CNS); resistannce increased significantly to
ciprofloxacin, tobramycin and gentamicin in the donors.The
hosts had no resistant CNS to ciprofloxacin, or gentamicin.
There were no resistant CNS cultues to vancomycin from the
donors and hosts.

Recurrent corneal erosion syndrome (RCES) is one of the
most frequent ophthalmic complaints causing pain,
discomfort and a reduced quality of life. We have developed
a mouse model to study recurrent erosions in the mouse.
Over 70% of mice wounded with a 1.5 mm circular wound
using a dulled blade (DB) go on to develop recurrent
erosions. We report here that using a rotating burr (RB)
instead of a DB to create 1.5 mm wounds eliminates
erosions and allows debridement wounds to heal. We
recently reported that erosions form when MMP9 expression
in the corneal epithelium is chronically upregulated and a6b4
integrin, a hemi-desmosomal component, becomes
degraded (Pal-Ghosh, et al., J.Cell Science, in press, 2011).
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P091
UMBILICAL MESENCHYMAL STEM CELLS
DIFFERENTIATE TO ASSUME ENDOTHELIAL CELLS
PHENOTYPE

Our objective in this study was to determine the events that
induce MMP9 expression. Inhibiting MMP activity topically
with GM6001 or systemically with tetracycline did not reduce
erosions after RB wounds. We next looked at stromal
thickness immediately after both wound types and found that
the RB left the stroma the same thickness as the DB wound.
However, whole mount immunofluorescence studies showed
that DB wounds leave type VII collagen and LN332 behind
on the anterior stroma whereas RB wounds remove these
basement membrane components.

W.W.-Y. Kao, H. Liu, J. Zhang
Ophthalmology, University of Cincinnati, Cincinnati, OH,
USA
Purpose: Mesenchymal stem cells (MSCs) have been
utilized to rescue disease phenotypes in genetic disorders,
to direct healing after traumatic injury and to suppress the
immune response in a variety of autoimmune disorders. We
have demonstrated that corneal UMSC (umbilical
mesenchymal stem cells, UMSC) transplantation assume
the keratocyte phenotypes and rescues the cloudy, thin
-/cornea stroma of lumican knockout (Lum ) mice. Present

When we assessed apoptosis of corneal stromal cells in
response to both wound types, we found that more anterior
stromal fibroblasts undergo apoptosis after RB wounds. In
addition, we found significantly more CD45+ immune cells
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study aims to examine whether UMSC can differentiate to
assume corneal endothelial cell phenotype.

amount 3.0-3.6 times greater in the heated (vs. unheated)
container.

Methods: Corneas of C57BL wild type mice were subjected
to alkali burn with 2 mm filter disc soaked in 0.1 N NaOH for
4
60”. Twenty four hours later, 10 DiI-labeled UMSC cells
were injected into injured corneal stroma and/or anterior
chamber. At various intervals, the experimental mice were
examined by in vivo confocal microscope with HRTII corneal
module. The specimens collected were analyzed by
immunohistochemistry with inflammatory cell markers, ZO1,
etc.

Conclusions: Alexidine preferentially migrates/deposits into
the walls of heated ReNu plastic bottles, thereby diminishing
its concentration within the solution and allowing Fusarium
growth. This phenomenon appears to be an unusual
mechanism of pharmaceutical failure which may have
resulted in the worldwide ReNu-related Fusarium keratitis
epidemic of 2004-2006.
COI/Financial disclosure: Nothing to disclose

Results: Our results of immunofluorescence staining
showed that intrastromal UMSC transplantation suppressed
host inflammation of alkali-burned corneas and allowed the
alkali-burned corneas to regain transparency. UMSC
transplanted into the anterior chamber prevented the
formation of retro-corneal membrane caused by alkali burn.
The transplanted UMSC attached to posterior portion of the
injured corneas and assumed a hexagonal cell shape and
were positive for ZO1.

P093
REBAMIPIDE SUPPRESSES POLYI:C-STIMULATED
CYTOKINE PRODUCTION IN HUMAN CONJUNCTIVAL
EPITHELIAL CELLS
M. Ueta, C. Sotozono, N. Yokoi, S. Kinoshita
Opthalmology, Kyoto Prefectural University of Medicine,
Kyoto, Japan

Discussion: Our studies suggest that suppression of
inflammation is beneficial for the regeneration of transparent
corneas. However, the molecular and molecular
mechanisms of suppression of host inflammation by UMSC
remain unknown.

Purpose: We previously reported that ocular surface
epithelial cells could regulate ocular surface inflammation
and suggested that while TLR3 up-regulates-, EP3, one of
the PGE2 receptors, down-regulates ocular surface
inflammation. Others reported that rebamipide, a
gastroprotective drug, could not only increase gastric mucus
production but also suppressed gastric mucosal
inflammation and that it was dominantly distributed in
mucosal tissues. The eyedrop form of rebamipide, approved
in Japan for use in the treatment of dry eye diseases, upregulates mucin secretion and production, thereby
suppressing superficial punctate keratopathy on the ocular
surface of patients with this disease. In the current study we
investigated whether rebamipide has anti- inflammatory
effects in the ocular surface.
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P092
INTRAMURAL MIGRATION/DEPOSITION OF ALEXIDINE
INTO HEATED BAUSCH&LOMB RENU PLASTIC
BOTTLES AND THE FUSARIUM KERATITIS EPIDEMIC
OF 2004-2006
J.D. Bullock, B.L. Elder, R.E. Warwar, I. Pavel, H.J. Khamis

Methods: We used ELISA and quantitative RT-PCR assay
to examine the effects of rebamipide on polyI:C-induced
cytokine expression by primary human conjunctival epithelial
cells. We studied the effects of rebamipide on ocular surface
inflammation in our murine experimental allergic
conjunctivitis (EAC) model.

Ophthalmology, Wright State University, Kettering, OH, USA
Purpose: Our previous studies indicated that heating ReNu
o
o
containers (>42 C/≤ 56 C) resulted in pan-antimicrobial
failure of the disinfectant, alexidine. The present study was
undertaken to determine the exact mechanism of this
pharmaceutical failure.

Results: Rebamipide could suppress polyI:C-induced
cytokine mRNA expression and the production of CXCL10,
CXCL11, RANTES, MCP-1, and IL-6 in human conjunctival
epithelial cells. The topical administration of rebamipide
suppressed conjunctival allergic eosinophil infiltration in our
EAC model.

Methods: Seven different brands of rinsed plastic contact
lens solution bottles, filled with a solution of alexidine
(0.00045% [as was in ReNu MoistureLoc]) in phosphate
buffered saline (PBS), were incubated at room temperature
o
[RT] and 56 C, then tested for their ability to inhibit growth of
Fusarium. To determine if an alexidine-inhibiting compound
might be leaching from heated ReNu bottles, PBS was
o
incubated at RT and 56 C in ReNu bottles and tested for its
ability to inhibit alexidine's anti-Fusarium capability.
Heated/unheated ReNu MoistureLoc samples were analyzed
for potential leachates by Raman spectroscopy, with/without
Creighton silver nanoparticles. To determine if the alexidine
concentration decreases in heated vs. unheated ReNu
bottles, alexidine levels were measured by Liquid
Chromatography-Mass Spectroscopy. To determine if
alexidine migrates and deposits into heated ReNu plastic
containers, bottles were methanol extracted and analyzed
for alexidine by Fourier Transform Infrared Spectroscopy.

Conclusions: The topical application of rebamipide on the
ocular surface might suppress ocular surface inflammation
by suppressing the production of cytokines by ocular surface
epithelial cells.
COI/Financial disclosure: The work described in this
abstract was carried out in collaboration with Ono
Pharmaceutical Co., Ltd., who supplied rebamipide used in
this study.
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Results: Of the multiple container types tested, only the
o
alexidine solution in the ReNu bottle incubated at 56 C
-12
showed fungistatic failure (p=3.72x10 ). Alexidine's antiFusarium capability was not neutralized with a PBS solution
that had been heated in ReNu containers, and no leachates
were identified. The alexidine concentration in the unheated
(vs. heated) solution in ReNu bottles was 2.3-3.2 times
greater. Alexidine deposited into the ReNu bottle wall at an

EFFECT OF FLUOROQUINOLONES ON HUMAN
CORNEAL FIBROBLAST MIGRATION
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Purpose: To explore the molecular mechanism of the topical
fluoroquinolones (FQs) on cell migration of the corneal
stromal wound healing process.

negative and positive controls, respectively. Cells were
stimulated with either polyinosinic:polycytidylic acid (poly I:C)
or lipopolysaccharide (LPS) complex. The protein contents
and mRNA expression levels of Interleukin (IL)-6, IL-8, IL-1β,
and Tumor necrosis factor-α (TNF-α) were evaluated with
multiplex fluorescent bead immunoassay and real time-PCR,
respectively. The expression of inhibitory factor-κBα (I-κBα)
was evaluated with real time-PCR.

Methods: Human corneal fibroblasts (HCFs) were incubated
in complete culture medium with ciprofloxacin (CIP),
levofloxacin (LEV), or moxifloxacin (MOX) at concentration
of 0, 10, 50, and 100 µg/ml, respectively. Cell proliferation of
HCFs was determined by WST-1 assay. The effect of CIP,
LEV, or MOX on the HCF migration process was monitored
for 3 days using migration assay with ibidi culture inserts.
Protein expression of FAK and Paxillin (PXN) was
determined by immunoblotting. Tyrosine phosphorylation
level of PXN and affinity of interaction between FAK and
PXN were analzyed by co-immunoprecipitation.

Results: The protein and mRNA levels of IL-6, IL-8, IL-1β
and TNF-α were significantly increased after stimulation with
LPS or poly I:C. Following treatment with ALA, a significant
decrease was demonstrated in the protein content of TNF-α
to 23.81% (P< 0.001), IL-6 to 46.71% (P< 0.001), IL-1β to
20.86% (P< 0.05) and IL-8 to 52.21% (P< 0.001). Similar
results were demonstrated at the mRNA level. The antiinflammatory effects of ALA were similar to those of DM for
all of the pro-inflammatory cytokines. The ALA inhibition of
the pro-inflammatory cytokines was associated with a
significant reduction of I-κBα.

Results: CIP, LEV, and MOX retarded HCF cell proliferation
in a dose-dependent manner. CIP and MOX noticeably
reduced HCF migration. Co-immunoprecipitation also
revealed that CIP and MOX suppressed phosphorylation
level of PXN at tyrosine sites and the affinity between PXN
and FAK. In contrast, LEV did not interfere with cell
migration and PXN phosphorylation.

Conclusions: ALA may serve as a potent anti-inflammatory
agent in ocular surface inflammation. The anti-inflammatory
effects of ALA are comparable to those of corticosteroids,
and are mediated through NF-κB signal transduction.

Conclusion: Both CIP and MOX, but not LEV, prohibit
corneal wound healing via dissociation of FAK from focal
adhesions and reduction of PXN phosphorylation at tyrosine
sites, resulting in delay of corneal wound healing.
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SPECTROSCOPIC APPROACHES TO EXPLORE HOW
HUMAN MEIBUM COMPOSITION, CONFORMATION AND
LIPID-PROTEIN INTERACTIONS ARE AFFECTED BY
AGE, MEIBOMIAN GLAND DYSFUNCTION AND DRY
EYE TREATMENT
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Human tear film stability decreases with increasing age and
meibomian gland dysfunction (MGD). Our studies showed
that it could be restored, to some extent, with azithromycin or
doxycycline treatment. To assess the changes that affect
tear film stability we have applied proton nuclear magnetic
resonance and infrared spectroscopies to determine the
composition and conformation of meibum as well as the
nature of lipid-protein interactions. The interpretation of our
results suggests that when the levels of terpenoids in
meibum are low, as in MGD, the tear film becomes unstable
and patients develop symptoms of dry eye. Importantly,
when terpenoids are restored with azithromycin or
doxycycline treatment, the stability of the tear film is restored
and patients no longer have the signs and symptoms of dry
eye. To explore possible interactions between terpenoid and
wax, we carried out a model study with beta-carotene, a
tetra-terpenoid and wax. There were no detectable changes
in the viscosity of the wax or its spectral features. Future
studies will focus on the isolation and characterization of the
actual terpenoids in human meibum. Regarding possible
interactions of tear fluid waxes with proteins, our model
studies with mucin, lysozyme and lactoglobulin (all present in
meibum) suggest that mucin is the most likely to influence
the conformation and carbonyl environment of meibum
waxes at the tear film surface. The spectral changes in the
carbonyl band suggest that these sites experience a more
polar environment when mucin is present. This could be
related to either the formation of H-bonds between the
glycosylated sites in mucin and the carbonyl groups of the
waxes or the presence of a polar group in the vicinity of the
carbonyl. Supported by EY017094 (Bethesda, MD., U.S.A.)
the Kentucky Lions Eye Foundation and an unrestricted
grant from Research to Prevent Blindness Inc.
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ANTI-INFLAMMATORY EFFECTS OF ALPHA LINOLENIC
ACID ON HUMAN CORNEAL EPITHELIAL CELLS
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Purpose: Systemic polyunsaturated fatty acids (PUFAs)
were shown to improve the symptoms of dry eye syndrome
due to their anti-inflammatory effects. This study evaluated
the in-vitro anti-inflammatory effects of PUFAs on human
corneal epithelial (HCE) cells.
Methods: HCE cells were incubated for 2 hours with
different concentrations of three PUFAs: Alpha-linolenic acid
(ALA), Gamma-linolenic acid (GLA) and Linolenic acid (LA).
Oleic acid (OA) and dexamethasone (DM) served as
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to tear fluid and bacterial antigens. Tear exposure upregulated miR-762 and miR-1207, and down-regulated miR92 and let-7b (all > 2-fold). RT-PCR confirmed miR-762 upregulation > 3-fold in tear-antigen exposed cells. Without
tears or antigens, an antagomir reduced miR-762 expression
relative to scrambled controls by ~50%, and increased
expression of RNase7 (~80 %), ST2 (~58%) and Rab5a (a
predicted target, ~75%), but did not affect P. aeruginosa
internalization. Conversely, a miR-762 mimic reduced
Rab5a, RNase7 and ST2 expression, and increased P.
aeruginosa invasion > 3-fold. With tear exposure, the
antagomir reduced miR-762 induction, and increased
RNase7 and ST2 expression. These data show that mucosal
fluids modulate microRNA expression to regulate innate
defense, and that miR-762 negatively regulates RNase7,
ST2 and Rab5a. Tear-induction of miR-762 may counter
over-expression of specific innate defense factors. Since
RNase7 and ST2 inhibit bacterial internalization, and are upregulated by tears, other tear-induced factors must
antagonize miR-762 inhibition to regulate epithelial
resistance to bacteria.

COI/Financial disclosure: Nothing to disclose
P097
CAN VISUAL OUTCOME OF CORNEAL GRAFT
SURGERY BE PREDICTED FROM ENDOTHELIAL CELL
MORPHOMETRY?
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Purpose: To assess whether the visual outcome of corneal
grafts can be predicted by endothelial morphometry.
Methods: One hundred corneal grafts (61 penetrating and
39 deep anterior lamellar keratoplasties) were assessed as
part of a prospective analysis of corneal grafts. Demographic
information was extracted from case notes and bestcorrected visual acuity (BCVA) and graft status evaluated
prospectively as part of a routine comprehensive ophthalmic
examination. Scanning-slit confocal microscopy was carried
out to obtain images of the corneal endothelium for
morphometric analysis by planimetry. Univariate and
multivariate regression analysis was used to assess the
variability of postoperative endothelial cell density (ECD)
over time and to determine associations between visual
outcome and endothelial cell density.
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RAPID ANALYSIS OF TEAR FILM AND MEIBUM LIPIDS:
THE SEARCH FOR DRY EYE BIOMARKERS
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Results: Considerable inter-subject variability in BCVA and
ECD was noted. The mean logMAR BCVA for all grafts was
0.35 [SD 0.38]. For the DALKs, the mean was 0.29 [SD 0.23]
and 0.39 [SD 0.45] for the PKs. The mean ECD was 1343
2
[SD 727]; 1971 [SD 636] and 942 [SD 443] cells / mm for all
grafts, DALKs and PKs respectively. Using univariate linear
regression analysis, visual acuity could not be predicted by
ECD, neither if all grafts were considered nor if each type of
graft was analysed individually (r ≤ 0.09; p ≥ 0.193). Logistic
regression showed that ECD was not associated with an
increased risk for grafts to have BCVA of less than 0.3
logMAR (OR ≤ 1.00; p ≥ 0.468).
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Identification of the complete human tear film lipidome is vital
in understanding the pathology of dry eye syndrome. Lam et
al. (PLoS ONE 2011) have shown that dry eye is associated
with a reduction in (O-acyl)-omega-hydroxy fatty acids
(OAHFAs). Nevertheless, small sample volumes and a
preponderance of highly-hydrophobic lipids present a
significant challenge for lipidomic analysis of human tears
and meibum. This project has developed analytical protocols
to overcome these challenges while providing sufficient
throughput to be employed in screening clinical samples.

Conclusions: ECD is a useful parameter for assessing
structural characteristics of the graft endothelium, but
appears to be a poor predictor of visual outcome after
keratoplasty.
COI/Financial disclosure: This study was supported by a
grant from the Royal College of Surgeons, Edinburgh.
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Basal tears were collected with a glass capillary at the lower
lid margin without stimulating reflex tears. Meibum was
expressed using a Korb Evaluator or meibomium gland
forceps to squeeze the eyelid and collected with a metal
spatula, taking care to avoid scraping the eyelid surface.
Lipids were extracted in methyl tert-butyl ether and analyzed
using chip-based nano-electrospray ionization mass
spectrometry. Targeted precursor ion and neutral loss scans
where used to identify and quantify the molecular
composition
of
OAHFAs,
phosphatidylcholines,
sphingomyelins, wax esters (WE), cholesterol esters (CE)
and triacylglycerols (TAG). Finally, liquid extraction surface
analysis (LESA) was utilized to analyze dried tear and
meibum extracts, and to directly analyze contact lenses lipid
deposits.

Mucosal surfaces regulate defenses against infection and
excessive inflammation. We previously showed that human
tears up-regulated epithelial expression of genes encoding
RNase7 and ST2, which inhibited bacterial invasion of
corneal epithelial cells. Here we analyzed microRNA
expression in human corneal epithelial cells after exposure

A total of 185 individual lipid species where identified in
human tears and meibum. Meibum was found to contain
49% WE, 47% CE, 3% OAHFA and 1% TAG. Matched tear
samples were found to have a near identical lipid
composition with the main difference being phospholipids
present at approximately 4%. In addition, within each lipid
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MICRORNA-762 NEGATIVELY REGULATES EPITHELIAL
EXPRESSION OF INNATE DEFENSES RNASE7 AND ST2
IN RESPONSE TO MUCOSAL FLUID AND MODULATES
EPITHELIAL SUSCEPTIBILITY TO BACTERIAL
INVASION
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1

class the profiles of individual species were found to be near
identical. LESA analysis of tears, meibum and contact
lenses produced strikingly similar lipid profiles to those
produced by traditional extraction techniques. These results
demonstrate that LESA is a powerful tool for direct analysis
of clinical tear film samples.
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2
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3
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Introduction: Post-LASIK corneal ectasia is a serious late
postoperative complication. After LASIK, the corneal stroma
is structurally weakened, not only by the laser central
stromal ablation but also by the creation of the flap itself.
Patients with this complication present with an increase in
myopia and astigmatism. Here we report the ultrastructural
features of the post-LASIK cornea.
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THE INHIBITORY EFFECTS OF ALPHA-LINOLEIC ACID
ON NITRIC OXIDE SECRETION BY HUMAN OCULAR
SURFACE CELLS
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Methods: A 27 years old Saudi patient diagnosed postLASIK ectasia, six years after he had undergone LASIK in
both eyes. His Visual Acuity in right eye was 4-5/200 and in
left Eye was 4-5/200, improved with pinhole to 20/300. He
underwent for penetrating keratoplasty in the right eye. The
cornea was processed for light (LM) and electron
microscopy (EM).
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Purpose: To study the anti-inflammatory effects of alpha
linoleic acid(ALA)on human ocular surface cells,compared to
the effects on activated peripheral blood mononuclear
cells(PBMC).

Results: The LASIK flap had separated from the residual
stromal bed. The epithelium was thick and appeared normal.
The hemidesmosomes were degenerate and the basement
membrane was thick. The Bowman's layer was abnormal
and contained very long collagen fibrils. The stromal
lamellae were thin and disorganized. The collagen fibrils
were running randomly and their distribution was not
uniform. The posterior end of the flap which had separated
from the stromal bed lacked collagen fibrils and instead
contained numerous very fine microfilaments. There were
aggregated micro-fibrils, which replaced some parts of the
Bowman's layer and stroma. The proteoglycans were
absent. There were large keratocytes containing a large
nucleus in the stroma.

Methods: Human conjunctival fibroblasts(HCF)and corneal
epithelial cells were grown in culture and treated with
different combinations of inducers of inflammation,including
IL6,LPS,TNFa,INFy and IL1b. Nitric Oxide(NO)levels were
measured at 24,48and 72hours after treatment by using the
Griess reaction test.In cytokine treated HCF,expression of
nitric oxide synthase 2(NOS2) was evaluated by real time
PCR.NO and NOS2 levels were examined again after
applying ALA to cytokine treated HCF cultures.PBMC cells
were isolated from human peripheral blood and cultured with
LPS to induced an inflammatory response.NO levels were
measured with and without ALA.

Conclusion: The present study showed that the
organisation of the lamellae was disturbed and the
distribution of collagen fibrils was not uniform. A large
number of microfilaments were present at the detachment
end of the flap and the residual stroma. Numerous
aggregates of micro-fibrils replaced some parts of the
Bowman's layer and stroma.

Results: An in-vitro model that mimics ocular surface
inflammation was established using the NO system.All
cytokine combinations had an inducible effect on NO
secretion in HCF.Treatment with a combination of
IL6,LPS,TNFa,INFy and IL1b induced the highest NO
secretion,eliciting2.91fold(P< 0.01)higher levels of NO after
72hours,compared to cells incubated in medium alone.In
HCF,treatment with ALA decreased NOS2 expression
by2.07(P< 0. 01)fold after 72hours as evaluated by real time
PCR.NO secretion was reduced by39.4percent(P< 0.05)in
response to treatment with ALA.This is in comparison
with4.21fold higher levels of NO in LPS treated PBMC
compared to PBMC incubated in medium alone and
a47.1percent reduction in NO secretion after applying ALA.

Acknowledgement: Supported by National Plan for Science
and Technology (NPST), King Saud University, Riyadh.
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COMPARISON OF A NEW PORTABLE DIGITAL
MENISCOMETER AND OPTICAL COHERENCE
TOMOGRAPHY IN TEAR MENISCUS RADIUS
MEASUREMENT

Conclusions: In cultured HCF,NO secretion was upregulated the most by treatment with a combination of
IL6,LPS,TNFa,INFy and IL1b.NO levels were significantly
higher in white blood cells treated with LPS, compared to the
cytokine treated conjunctival fibroblasts,indicating that
peripheral immune cells are mostly responsible for the rise in
NO levels in ocular surface inflammation.ALA was shown to
have an anti-inflammatory effect both on conjunctival
fibroblast and on peripheral immune cells by decreasing NO
and NOS2 levels,raising the possibility of using topical ALA
treatment in ocular surface inflammatory diseases

1,2

Purpose: Non-invasive measurement of tear meniscus
radius (TMR) is useful in the assessment of the tear volume
and dry eye diagnosis. This study investigates the
agreement between a new portable, slit-lamp mounted,
digital meniscometer (PDM) and Optical Coherence
Tomography (OCT; Zeiss Cirrus HD) in the measurement of
the TMR.

ULTRASTRUCTURAL CHANGES IN POST-LASIK
ECTASIA CORNEA
2

3

1,3

1

P101

1

1

School of Optometry and Vision Sciences, Cardiff
2
University, Cardiff, UK, Cologne School of Optometry,
3
Cologne, Optometry and Vision Research, Weinheim,
Germany

COI/Financial disclosure: Nothing to disclose

S. Akhtar , H. Alkatan , O. Kirat , T. Almubrad

1

S. Bandlitz , C. Purslow , P.J. Murphy , H. Pult

Methods: Images of the tear meniscus of 30 normal
subjects (8M, 22F; mean age 27.5 SD±9.6 years), recruited
from the patient pool of Höhere Fachschule für Augenoptik,
Cologne, Germany, were taken using the PDM and the OCT
(randomized order). On the PDM and OCT images TMR was

1
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measured using ImageJ 1.46b software. In addition, the
meniscus on OCT images was sub-divided vertically into
three equal sections and the radius calculated for each subsection: bottom (BTMR), centre (CTMR) and top (TTMR).
The relationship between PDM and OCT measurements was
analyzed by Spearman's Rank Coefficient and, differences
between PDM and OCT sub-section measurements were
evaluated by Bland-Altman plots.

statistically significant, effect on corneal surface temperature
by this pilot study. Consequently, this air stimulus may not
be exclusively 'mechanical', exciting only A-δ fibres during
corneal sensitivity measurement, but it may also have an
additional response from the temperature-sensitive C fibres.
COI/Financial disclosure: Nothing to disclose
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Results: TMR measured with the PDM (0.25±0.06mm) and
OCT (0.29±0.09mm) was significantly correlated (r=0.675;
p< 0.001). The mean differences between PDM and the subsections showed that TMR measured with PDM was flatter
(0.07mm; CI 0.05 to 0.10; p< 0.001) for BTMR, similar (0.01mm; CI -0.04 to 0.02; p=0.636) for CTMR, and steeper (0.07mm; CI -0.10 to -0.04; p< 0.001) for TTMR.

TEAR LIPOCALIN CAPTURES FATTY ACIDS FROM THE
OCULAR SURFACE IN VIVO
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2

Conclusions: PDM and OCT measurements of the TMR
are significantly correlated. The PDM appears to measure
the radius of the central section of the tear meniscus.

3

Tear lipocalin (TL) is the predominant lipid binding protein in
human tears. TL removes many type of lipids from a variety
of surfaces including explanted corneas but TL has not been
previously shown to retrieve lipids from the ocular surface in
vivo. The hypothesis that TL functions to capture lipids from
the ocular surface was tested in 6 control and 6 dry eye
subjects. Approval was obtained from the IRB and FDA for
the use of a fluorescein labeled fatty acid (octadecyl ester) in
human subjects. UV spectroscopy of the fluorescent
compound revealed an isosbestic point at 473nm, pKa of
7.5, similar to fluorescein, and low solubility in aqueous. 25
µl (8.4 µM in PBS, 1% ethanol), was instilled into the inferior
cul de sac of the conjunctiva and equilibrated for 2 minutes.
Impression cytology of the ocular surface showed
fluorescent staining of epithelial cells in a dry eye patient.
Tears were collected with Schirmer strips at 5 minute
intervals for 20 minutes. The strips were eluted with buffer
and the eluent analyzed by UV and fluorescent
spectroscopies at each time point. An exponential decay
curve of relative fluorescence was evinced and non-linear
regression with fit by least squares analysis showed rapid
early removal for the fluorescent compound with similar halflives for control and dry eye disease subjects. The proteins
in these samples were then fractionated isocratically by
liquid chromatography, analytical TSK G3000H column
(Pharmacia) and monitored at 280 nm and by fluorescence
(λex/em=490/513 nm). The fractions in control and dry eye
patients containing fluorescence co-eluted with TL as
confirmed by SDS tricine PAGE. Tear lipocalin retrieves
lipids rapidly from the human ocular surface in controls and
those with mild to moderate dry eye disease. Supported by
NEI EY 11224
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VERIFICATION OF MECHANICAL CORNEAL
SENSITIVITY MEASUREMENT WITH THE BELMONTE
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Introduction: For true mechanical corneal sensitivity
measurement using the Belmonte aesthesiometer (BOPM),
airflow stimulus temperature must match corneal
temperature when it comes into contact with the corneal
surface, to avoid an additional response from the
temperature-sensitive nerves. The aim of this study was to
record corneal surface temperature changes during the
presentation of the airflow stimulus with varying
temperatures and pressures.
Methods: Corneal surface temperature was recorded with
aid of an infrared camera (FLIR A310) on six subjects (mean
age 25±2.36(sd) years; four females) during the presentation
of heated airflow stimuli: room temperature +10°, +15° and
+20°C (duration 3s; distance of exit-nozzle to cornea: 4mm;
airflow 60ml/min; room temperature 23-24°C). Subsequently,
corneal temperature measurements were repeated on the
same subjects with varying airflow rates, applying the
stimulus temperature that matched corneal temperature at
60ml/min most closely. Inclusion criteria were age younger
than 40, no contact lens wear, absence of ocular disease
including dry eye and no use of artificial tears. For statistical
analysis, repeated measures (ANOVA) and the post hoc ttest were applied.
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LONG-TERM EYE DRYNESS ENHANCEMENT OF
CORNEAL COLD-THERMORECEPTIVE NERVE
TERMINALS FIRING IS ASSOCIATED TO CHANGES ON
+
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Results: Mean corneal temperature changes were 0.20±0.13°C
with
stimulus
temperature
+10°C,
+0.08±0.06°C with +15°C and +0.77±0.43°C with +20°C.
Consequently, corneal temperature changes were recorded
applying the stimulus temperature +15°C, with the following
additional airflow rates: 30, 80 and 100ml/min. Mean corneal
temperature change was found to be: -0.01±0.08°C with
30ml/min (p=0.747), +0.08±0.06°C with 60ml/min (p=0.026),
+0.10±0.09°C with 80ml/min (p=0.035), and +0.27±0.09°C
with 100ml/min (p=0.001).
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Impaired tear secretion reduces ocular surface wetness and
evokes unpleasant eye dryness sensations whose peripheral
origin remains unclear. Reduction of basal tearing in guinea
pigs by exorbital main lacrimal gland removal was used as a

Conclusion: Varying the stimulus-airflow produced by the
Belmonte aesthesiometer was shown to have a small, but
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dry eye disease (DED) model and 4 weeks after, impulse
activity in corneal cold thermosensitive nerve terminals was
recorded. Ongoing spontaneous activity (34ºC) and
responses to cooling down to 20ºC and heating up to 50ºC
were measured. Also, dissociated trigeminal ganglion
corneal neurons from control and DED animals, retrogradely
labeled with FM1-43, were recorded 18-24h after culture. A
voltage protocol was used to separate TTX-resistant (TTXR) and TTX-sensitive (TTX-S) INa currents.
Lacrimal gland removal reduced tear secretion rate by 80%
(p=0.01). Ongoing firing frequency of corneal cold sensitive
nerve terminals at 34ºC and peak firing frequencies evoked
by cooling ramps to 20ºC were higher in DED compared with
control corneas (13.2±1.0 vs. 10.3±0.8Hz, and 31.1±1.8 vs.
25.3±1.8Hz respectively; p< 0.01). Cold threshold was
significantly reduced in DED terminals (-2.2±0.1 vs. 3.1±0.2ºC, p< 0.01). In control and DED cold
thermosensitive neurons, TTX-S INa activated around -40mV
with maximal currents at -30mV in DED and -20mV in control
(V0.5= -42.8±1.9 and -29.7±2.8mV respectively, p< 0.01).
Current amplitude was significantly larger in DED at -40mV
(-63.8±18.2 vs. -6.0±5.0pA/pF; p< 0.01). TTX-R INa activated
at -30mV in both groups, with a maximum activation at 20mV (DED) and -10mV (control). Current amplitudes at 20mV were -69.5±13.8 and -50.9±17.7pA/pF, respectively
(V0.5= -29.0±2.4 DED vs. -21.9±3.0mV controls, p< 0.05).

An extremely opaque tearfilm (due to the addition of coffee
creamer) only gives a moderate straylight increase (Figure
2), most probably due to the fact that the tearfilm only
constitutes a thin layer in comparison to other media
structures like cornea and lens.

In summary, we show that long-term ocular dryness
increases the excitability of cold thermoreceptors, which
appears to be mediated in part by a leftward shift in INa
activation. Enhanced activity of corneal cold sensory
terminals may be responsible of dryness sensations
accompanying DED in humans.
Support:
SAF2011-22500;
CSD2007-00023;
FIS/PI11/01601; Retic/RD07/0062/006; 2009SGR869.

In patients with pathological dry eyes significant straylight
elevations are encountered (Figure 3).
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EFFECT OF THE NORMAL AND ABNORMAL TEARFILM
ON QUALITY OF VISION
1

1
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Patients with dry eye syndrome often complain of decreased
quality of vision, even if visual acuity remains within the
normal range. Straylight is the known cause of disability
glare and contributes to subjective quality of vision almost
equally as visual acuity. This study was performed to obtain
a better understanding of the effect of the normal and
abnormal tearfilm on straylight. We examined the effect of
tear break-up, an extremely opaque tear film and
pathological dry eyes on straylight measurements. Straylight
was measured with the Oculus C-Quant. A prolonged tear
break -up leads to minor straylight effects (Figure 1).

We can conclude that, while the normal tearfilm is important
for visual acuity and aberrometric integrity, it hardly gives
straylight effects. The significantly increased straylight in
patients with pathological dry eyes is most probably due to
corneal epithelial damage in these patients, and will lead to
decreased quality of vision.
COI/Financial disclosure: Nothing to disclose
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EPITHELIAL INGROWTH CELLS AFTER LASIK/ALTK
(LASER IN SITU KERATOMILEUSIS/AUTOMATED
LAMELLAR THERAPEUTIC KERATOPLASTY): ARE
THEY CORNEAL EPITHELIAL STEM CELLS?
1

1

1

1
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2
1
Hafezi , F. Majo

219

1

The treatment effects were analysed using General Linear
Model repeated measures ANOVAs.

Hopital Ophtalmique Jules-Gonin, Université de Lausanne,
2
Lausanne, Ophtalmology, Université de Geneve, Geneve,
Switzerland

In dry eye subjects, evaporation, break up time, osmolarity,
and symptoms improved for all formulas (p < 0.05). Normal
subjects showed some improvements (p< 0.5): evaporation
with B, osmolarity with A, and symptoms with B and C.
Change in evaporation was greater for both B and C versus
A (p < 0.05), and there was a trend for B to reduce
evaporation more than C (p < 0.10). There were no
significant treatment effects on tear structure.

Purpose: To characterize the clinical, morphological and
immunohistological features of epithelial ingrowth (EI) cells
after Laser In Situ Keratomileusis (LASIK) or Automated
Lamellar Therapeutic Keratoplasty (ALTK) using markers for
corneal differentiation and epithelial stem cells.
Methods: Four patients were included in this interventional
non-comparative
case
series.
Full
ophthalmologic
examinations
were
performed,
including
confocal
microscopy. EI specimens were removed surgically and
examined by light microscopy. Immunohistochemistry was
performed using antibodies against CK3, Muc5AC, CK15
and CK19 (differentiation markers), against p63 alpha, BMI1,
C/EBP delta and BCRP/ABCG2 (stem cell markers) and
Ki67 (proliferation marker).

Overall, the eye drop formula containing both carmellose
sodium and lipid (B) produced a greater treatment effect on
tear evaporation than the others containing only one of these
ingredients. This study also demonstrates the utility of a
controlled environmental chamber in showing the difference
in performance between dry eye treatments.
Supported by an unrestricted research grant from Allergan
LLC.

Results: On slit lamp examination, early EI appeared as
whitish pearls while late EI presented as a confluent whitish
opacity. Epithelial inclusions persisted below the flap or the
lamellar graft for 3 to 36 months. In Vivo Confocal
Microscopy showed that EI were separated by a clear area
from the flap edge with no visible connection to the surface
epithelium. Microscopically, the epithelial ingrowths showed
features of a squamous non keratinizing epithelium. Ki-67
labeling of 3 cases showed a low proliferative index of 4%,
similar to control corneas. Superficial squamous cells
strongly expressed CK3. Expression of BMI 1, C/EBP delta,
BCRP/ABCG2 and p63 alpha was seen in a majority of cells
in the specimens tested. No expressions of Muc5AC, CK19
or CK15 were observed.
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STAPHYLOCOCCUS AUREUS KERATITIS: ROLE OF
PVL AND MEC-A GENES AND CLINICAL OUTCOME
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Purpose: Panton-Valentine leukocidin (PVL) is an important
virulence factor in non-ocular Staphylococcus aureus (S.
aureus) infections. If PVL is a determinant of outcome in
keratitis, an opportunity exists to stratify patients and modify
treatment at presentation. In order therefore, to determine
whether the presence of PVL and its genotype is a virulence
factor in keratitis, clinical outcome was related to the
presence of PVL in S. aureus isolated from cases of
keratitis.
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EFFECT OF LUBRICANT EYE DROPS ON TEAR FILM
EVAPORATION UNDER ENVIRONMENTAL STRESS
CONDITIONS
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4
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Conclusions: In this first report on the immunoprofile of EI,
we confirm the epithelial nature of EI cells as suggested by
previous histological studies but we also show that EI cells
are capable of a long survival and that they express putative
stem cell markers, suggesting that EI may derive from
peripheral corneal cells with stem cells characteristics.

A. Tomlinson , L. Madden , P. Simmons

by

Methods: Clinical data and isolates were collected from
patients with bacterial keratitis from six ophthalmic centres in
the UK. Clinical outcome data included ulcer and scar size,
healing and treatment times, risk factors and antimicrobial
minimum inhibitory concentrations (MIC). S. aureus isolates
were screened for the presence of methicillin resistance and
PVL gene by multiplex polymerase chain reaction. Primers
used: Staphylococcus genus-specific 16S rRNA gene
(internal control), lukS/F-PV gene (encodes PVL S/F
bicomponent proteins) and mecA gene (determinant of
methicillin resistance). The USA300 strain was used as a
positive control (positive for 16s, mecA and PVL genes). Full
genotyping was then undertaken on PVL positive isolates.

2

1

Vision Sciences, Life Sciences, Glasgow Caledonian
2
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Dry eye is often characterized by increased tear evaporation,
due to poor tear film quality, especially of the lipid
component of the tear film. Using an environmental chamber
to induce environmental stress, this study compared the
effect of 3 lubricant eye drops on various aspects of tear
physiology in a cross-over design (evaporation was the
principal outcome measure).

Results: Clinical outcome data was collected from 233
cases of S. aureus associated keratits for the two time
periods 2003-2005 and 2009-2011. 2.1% were positive for
PVL, and 6.0% for MRSA. 0.4% were positive for both
genes. Interim analysis has thus far not shown a significant
association between the presence of PVL and or mecA and
clinical outcome with similar ulcer and scar sizes, healing
time to ulcer size, treatment times and MIC in PVL positive
and negative cases.

Three eye drop formulas were tested: 0.5% carmellose
sodium (A, Refresh Tears), 0.5% carmellose sodium with
added lipid (B, Optive Plus), and 1.0% glycerine with added
lipid (C, Refresh Ultra). Nineteen normal and 18 dry eye
subjects used each product for 2 weeks, 3 times per day, in
a random order, with a minimum 1-week washout between
treatment periods.
Tear evaporation, break up time, osmolarity, tear structure
(by interferometry), and patient symptoms were assessed
with the subjects adapted for 10 minutes in an environmental
chamber controlled at 20% relative humidity and 22.5 deg C.

Discussion: PVL and MRSA in S. aureus from cases of
keratitis occurs in a similar prevalence to that in systemic
infections. The presence of PVL or MRSA does not appear
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to be associated with a worse prognosis in cases of S.
aureus keratitis.

Assessment of corneal sensory function is more frequently
being carried out using novel non-contact methods, which
promise better stimulus control and a greater intensity range
than traditional techniques. However, little is understood
about how these non-contact air-jet aesthesiometers
stimulate the cornea and thus which neuroreceptors are
involved in the sensory response. This study aimed to model
the
air-jet
stimulus
of
the
CRCERT-Belmonte
Aesthesiometer (CBA) and its interaction with the cornea by
using a computerised simulation and to compare this model
to clinical descriptions of the stimulus provided by 27 human
subjects with normal corneas.
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L-LYSINE FOR THE TREATMENT OF THE HERPES
SIMPLEX VIRUS KERATOPATHY
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The computational fluid dynamics (CFD) results showed that
the CBA air-jet stimulus behaves as expected in terms of
force exerted and stabilises and subsides quickly during the
1s duration for which it is turned on / off. The CFD modelling
demonstrated the CBA stimulus to consist of a central core
of air flow, which exerts maximum pressure at the corneal
apex. This core is surrounded by a less prominent zone of
lower pressure, extending out to the corneal periphery at
higher flowrates. In addition to pressure, the stimulus is
shown to comprise of numerous components, including
temperature and velocity, all of which are likely to invoke a
corneal neuroreceptor response. The CBA probably
stimulates neural receptors over a greater area of the ocular
surface compared to the traditional nylon-filament
aesthesiometer, and is likely to additionally recruit thermaland velocity-sensitive neurons.

2

Ophthalmology, Pharmacy, Hospital Universitario de
Santiago de Compostela, Santiago de Compostela, Spain
Some studies suggest that the lysine (common name of LLysine) oral supplement may be helpful in reducing the rate
of recurrences for Herpes Simplex Virus (HSV) mucocutaneus infections, especially when accompanied by a
high-lysine, low-arginine diet.
Lysine is an essential amino acid highly water soluble. Oral
administration is the preferred route for lysine
supplementation. Then it is absorbed from the small
intestine, and then it moves to the liver.
L-arginine is an amino acid required for the replication of
HSV. Both lysine and arginine compete for absorption in the
intestine, thus Lysine reduces the availability of arginine for
the HSV.

The CFD results were confirmed by subjective descriptions
of stimulus intensity and area stimulated. Future
computational models should incorporate temperature as an
important aspect of the corneal response. This study has
effectively demonstrated that it is possible to create a virtual
model of an aesthesiometer stimulus using computational
methods and that this model is corroborated by subjective
descriptions provided by subjects.

The amount of the estimated daily requirement for lysine
varies from study to study, from 60mg/day to 3.000mg/day,
or even more.
Keratitis caused by HSV is a major cause of blindness from
corneal scarring and opacity worldwide. Since the benefits of
the lysine for the prevention of the outbreaks of HSV mucocutaneus infections, we decided to treat HSV severe keratitis
(HSVK) in the same way. In our clinical study, we employed
200 mg daily, which proved to be effective for the prevention
of the HSVK, in the 4 patients studied after 10 years of
treatment.
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ASSOCIATION OF A PROMOTER POLYMORPHISM OF
INTERLEUKIN 10 WITH THE SEVERITY OF CONTACT
LENS KERATITIS

It has been indicated that when a person's serum lysine
concentration exceeded 165 nmol/ml there is a
corresponding significant decrease in recurrence rate.
According to these data, maybe we could now properly
adjust the patient dosage.
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As a conclusion we can state that oral lysine is also effective
in the treatment of HSVK. It is a cheap, well tolerated, easy
to prepare and safe treatment, but care must be taken with
patients having liver or kidney diseases. More studies are
needed to establish the minimum effective dosage.
COI/Financial disclosure: Nothing to disclose

Purpose: To determine the association of interleukin 10 (IL10) promoter polymorphism rs1800871 with contact lens
keratitis susceptibility and severity.
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UNDERSTANDING THE STIMULUS CHARACTERISTICS
OF AN AIR-JET AESTHESIOMETER TO MEASURE
CORNEAL SENSITIVITY: COMPARISON OFA
COMPUTERISED MODEL WITH SUBJECTS´
RESPONSES
1,2

3

1,2

B. Golebiowski , M. Lim , E. Papas , F. Stapleton

Methods: Ninety Caucasian cases of keratitis and 185
controls were recruited from studies conducted at the
Moorfields Eye Hospital, London and across Australia during
2003-2005. Buccal swab samples were collected on
Whatman FTA cards and were mailed by post for analysis.
DNA was extracted with a pH method and screened by
pyrosequencing
for
IL-10
promoter
polymorphism
rs1800871. The association with keratitis susceptibility and
severity was analyzed using a regression model. Hardy
Weinberg equilibrium was assessed with Haploview software
(Version 4.2). Statistical significance was set at 0.05.
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221

EFFICACY OF PHOTODYNAMIC ANTIMICROBIAL
CHEMOTHERAPY ON STAPHYLOCOCCUS AUREUS

Results: Genotypes could be inferred for all but one of the
samples. There were no differences between the genotypes
of the control participants compared to the cases of keratitis
(p=0.6). Individuals with the AA genotype were more likely to
suffer severe keratitis compared to milder versions of the
disease (OR=5.5, 95% CI, 1.2-25.4, p=0.03). Hardy
Weinberg equilibrium was observed.

1

1

RELATIONSHIP BETWEEN OCULAR DISCOMFORT AND
PTERYGIUM CHARACTERISTICS
2

2

Methods: A derivative of porphyrin (TONS504: Porphyrin
Lab, Okayama) with light emitting diode (LED exposure by
the LED lighting device (CCS Inc., Kyoto) was applied in
7
vitro onto 10 colony forming unit of S.aureus and methicillinresistant S. aureus. The LED lighting device which can
supply a single wave length (660 nm) was applied with 10,
20 and 30 J. After applying TONS504 with various
concentration (0.01 to 10 ug/mL) followed by LED exposure,
bacterial suspensions were incubated overnight in 37℃. The
growth activity of S. aureus was evaluated by culture with
bacterial suspension on standard agar overnight, and
confirmed by counting bacterial colony formation after 24
hours. The LDH activity was measured on the human
corneal fibroblasts with TONS504 and LED exposure.

P113

1
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Purpose: Corneal keratitis is one of the sight-threatening
diseases. The treatment of corneal keratitis due to drugtolerant pathogenic organisms is very difficult of the lack of
other effective ways. Photodynamic therapy (PDT) has
already received regulatory approval for several indications
as a therapy for cancer and other diseases in many
countries. TONS504, a derivative of porphyrin, is a new
photosensitizer. The aim of this study is to evaluate the
effectiveness of photodynamic antimicrobial chemotherapy
(PACT) with on Staphylococcus aureus (S.aureus) and
methicillin-resistant S. aureus and also to examine safety for
corneal innate cells.

COI/Financial disclosure: Nicole Carnt is supported by an
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Conclusion: Genetic variation in the IL-10 promoter region
that may lead to decreased protein expression of the Th1
down-regulating cytokine, IL-10, is associated with increased
severity of keratitis. The lack of difference in genotypes
between cases and controls may indicate that IL-10
functions to control the inflammatory response but does not
have a role in predisposition to the disease. Further
investigation of other IL-10 promoter polymorphisms and the
severity of keratitis in contact lens wearers is warranted.
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The relationship between ocular discomfort and pterygium
characteristics was analyzed. For this purpose, the Ocular
Comfort Index (OCI) test was self- completed by 40 patients
with primary pterygium (25 males and 15 females) aged
between 22 and 75 years (mean age 43 ±11). The corneal
area of the lesion was measured. In addition, data about
bilaterality, pterygium morphology (grade of clinical severity
based on visibility of episcleral vessels), conjunctival
hyperaemia, and exposure to environmental triggers of
discomfort were assessed. After a preliminary exploratory
analysis, Spearman's correlation and a stepwise linear
regression were performed.

Results: TONS504-PACT showed a dose-dependent
inhibition on S.aureus and methicillin-resistant S. aureus.
The complete inhibiting concentration of TONS504 was 1
ug/mL with 10 J, 0.5 ug/mL with 20 J and 30 J of LED
exposure. However, TONS 504 in the concentration between
0.01 to 10 ug/mL without LED exposure had no inhibition on
S. aureus and methicillin-resistant S. aureus. In the same
condition for bacteria, no toxic effects showed on human
corneal fibroblasts.
Conclusion: TONS504-PACT had a bactericidal effect in
vitro on S.aureus and methicillin-resistant S. aureus and was
not harmful influence to corneal cells.

The results showed a mean OCI score of 32.4±14.2 (scores
from 0 to 72.6) in the 0-100 test scale range and a mean
2
pterygium corneal area of 6.4±4.0 mm (from 1.5 to 20.2
2
mm ), with bilateral lesion in 52.5% of the cases. Pterygia
were classified as atrophic in 12 patients (30%) with
episcleral vessels clearly distinguished, fleshy in 10 patients
(25%) with episcleral vessels totally obscured, and
intermediate in 18 patients (45%). Conjunctival hyperaemia
was high in 13 patients (30%) while 12 (30%) showed a
white conjunctiva. Exposure to environmental triggers of
discomfort was occasionally in 16 patients (40%) and daily in
18 (45%). Ocular discomfort was inversely correlated with
the pterygium corneal area (rho: - 0.447, p < 0.01) and
directly correlated with the exposure to environmental
triggers of discomfort (rho: 0.324, p < 0.05). The linear
regression analysis identified the pterygium corneal area as
the only predictor variable for ocular discomfort (R= - 0.404,
p < 0.01).
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CHANGES OF KCC1 IN THE RABBIT LACRIMAL GLAND
DURING SJÖGREN'S SYNDROME AND PREGNANCY
C. Ding
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Purpose: K -Cl co-transporters (KCC) mediate coupled
+
fluxes of K and Cl through cell membranes of many
+
epithelia, and plays critical roles in K and Cl transport, cell
volume, and homeostasis. The aim of the present study was
to investigate the potential expression changes of mRNA
and protein for KCC1 in the lacrimal gland (LG) of a rabbit
model of Sjögren's syndrome, and in pregnant rabbits.

These findings confirm the inverse linear relationship
between ocular discomfort and the pterygium corneal area,
providing evidence of corneal sensitivity loss in the patients.
COI/Financial disclosure: Nothing to disclose
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Methods: Total mRNA was extracted from whole LG, acinar
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and ductal cells, by laser capture microdissection (LCM) for
real time RT-PCR. LG lysates and cryosections were
processed for Western blot and immunofluorescence.

Conclusions: Regional specification of the ocular surface
epithelia occurs early in development, before these tissues
express region-specific keratins. Pax6 is required for the
specialization of all ocular surface epithelia and their
derivatives and to suppress epidermal differentiation. Pax6 is
not required for the regional specification of the ocular
epithelia. BMP signaling promotes normal epithelial
differentiation and is required for the formation of the lacrimal
and Meibomian glands.

Results: KCC1 mRNA was expressed in whole LG lysates
from normal control rabbits, rabbits with Sjögren's syndrome,
and pregnant rabbits but no significant differences were
detected (p>0.05). However, in LCM samples from rabbits
with Sjögren's syndrome, mRNA level increased in the acini
and decreased in intralobular, intralobar, and interlobar
ducts, as compared to normal control animals (p< 0.05). In
LCM samples from pregnant rabbits, mRNA level increased
in acini but decreased in interlobular and interlobar ducts.
Western blot demonstrated the presence of KCC1 (130 kDa)
and its levels were 17% and 24% lower in rabbits with
Sjögren's syndrome and pregnant rabbits respectively.
Immunofluorescence
studies
indicated
KCC1
immunoreactivity (IR) was most prominent in ductal cells as
punctate staining within the cytoplasm, and on the apical and
basolateral membranes. In rabbits with Sjögren's syndrome
and pregnant rabbits, its expression pattern in ducts
remained unchanged but KCC1-IR in acini appeared to be
stronger than controls.
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VAP-1/SSAO, A PATHWAY IN THE PATHOMECHANISM
OF CORNEAL NEOVASCULARIZATION?
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Conclusions: The present data demonstrated the presence
of KCC1 protein in the rabbit LG and changes of KCC1
mRNA and protein in rabbits with Sjögren's syndrome and
pregnant rabbits, suggesting that KCC1 may play a role in
the pathogenesis of altered LG secretion and ocular surface
symptoms in these animals.
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Due to incomplete antiangiogenic effect and many side
effects that currently used treatment opportunities against
corneal neovascularization (NV) exert, more suitable targets
are searched. Beside VEGF, vascular adhesive protein-1
(VAP-1; identical with SSAO) could be a prominent target
due to its therapeutically relevant dual function: it is an
adhesive molecule mediating leukocyte extravasation during
inflammation and it is also an enzyme with amine oxidase
activity producing toxic aldehydes and hydrogen peroxide.
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In the present study we investigated the possible beneficial
effect of a VAP-1 inhibitor on a suture induced corneal NV
model on rabbits (n=15). We applied a potent, specific VAP1 inhibitor (LJP 1207) to treat a group of rabbits (n=5) at a
high and frequent dosage for 2 weeks. To confirm the
blockade of the enzyme, SSAO activity was measured from
the corneal tissue and serum of VAP-1 inhibitor treated and
vehicle treated (n=5) groups. We found here both in corneal
tissue and serum a significantly reduced SSAO activity (p<
0.05); however, despite SSAO activity blockade, due to
treatment
with
the
VAP-1/SSAO
inhibitor
the
neovascularized corneal area was unchanged in long-term
as compared to vehicle treatment (19.4±2.1 % and 19.2±1.6
% at day 10). On the contrary, in the positive control group
(n=5), anti-VEGF antibody (bevacizumab) treatment resulted
in a significantly smaller (8.4±2.0 %) proportional
neovascularized area (p< 0.05).

PAX6 AND BMP SIGNALING ESTABLISH AND MAINTAIN
THE OCULAR SURFACE EPITHELIA
J. Huang, Y. Liu, M. Stern, Z. Chen, D. Beebe
Washington University School of Medicine, St. Louis, MO,
USA
Background: The role of Pax6 in early corneal
differentiation is not known. We examined mice with
conditional deletion of Pax6 or the type I BMP receptors,
Bmpr1a and Acvr1, to determine the function of Pax6 and its
interaction with BMP signaling in the development of the
ocular surface epithelia.
Methods: Floxed alleles of Pax6 or Bmpr1a and Acvr1 were
conditionally deleted using the LeCre transgene at E9 in the
surface ectoderm that gives rise to the lens and ocular
surface epithelia. Transcripts preferentially expressed in the
cornea, conjunctiva and eyelid epithelia were identified by
laser microdissection and microarray analysis of these
regions. Differential distribution of transcripts and proteins
and their regulation by Pax6 or BMP signaling were tested
by in situ hybridization and immunofluorescence microscopy.

Our results indicate that postoperative blockade of VAP1/SSAO pathway might not be sufficient in long-term to
inhibit the development of corneal NV induced by sutures in
rabbits. Early inhibiting effect is possible. We can not
exclude antiangiogenic effect of LJP 1207 in different models
of NV, and further experiments are needed to clarify the
potential antiangiogenic and antiinflammatory effects of other
VAP-1/SSAO inhibitors.

Results: We have confirmed that several transcripts showed
region-specific expression in the prospective ocular surface
epithelia at E11.5. Deletion of Pax6 resulted in the loss of
some of their expression, but not all of their expression.
Pax6-deficient ocular surface epithelial cells expressed the
epidermal keratin, K10 and not the cornea-specific K12 or
the conjunctiva-specific K4. Absence of connexin-43 marks
the future location of the corneal limbus; deletion of Pax6
resulted in uniform Cx43 expression over the ocular surface.
Lacrimal and Meibomian glands were absent in the Pax6
knockout embryos. Ocular surface epithelia deficient in BMP
signaling expressed low levels of epidermal keratins and
failed to form lacrimal glands.
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ROLE OF NOD SIGNALING IN CORNEAL
NEOVASCULARIZATION
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development of novel effective treatments for GDLD, which
is still an unmet need.
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Methods: A small piece of corneal tissue was obtained from
two GDLD patients (both bearing biallelic p.Gln118X
mutation) at the time of surgery. The epithelial cells were
enzymatically separated and dissociated from the obtained
tissues and introduced with the SV40 large T antigen and
human telomerase reverse transcriptase (hTERT) genes by
the use of lentiviral vector. For the cells, population doubling
(PD)
analysis,
transepithelial
resistance
analysis,
immunostaining, and western blot analysis of the cells were
performed.

Purpose: Corneal neovascularization (CNV) induces tissue
scarring, lipid disposition, stromal hemorrhage, and corneal
edema, severely affecting visual acuity. Chlamydia
trachomatis and hepatitis are associated with CNV.
Nucleotide-binding
oligomerization
domain-containing
protein (NOD) is important for host defense and recognizes
the minimal component of bacterial cell walls—a mechanism
manifested in human corneal cells. We aimed to examine
whether NOD stimulation is associated with CNV.

Results: The corneal epithelial cells introduced with the
SV40 large T antigen and hTERT genes continued to
proliferate even after the cumulative number of PDs
exceeded 100, while the cells without such gene transfection
stopped proliferating before the cumulative number of PDs
reached 20. Transepithelial resistance of the transfected
cells was significantly lower compared to immortalized
normal corneal epithelial cells. The expression level of the
claudin 1 and 7 proteins was significantly lower compared to
the immortalized normal corneal epithelial cells, consistent
with what we observed in in vivo cornea of GDLD patients in
our previous report.

Methods: Mice with alkali-induced CNV were divided into 3
groups and topically treated with tripeptide l-Ala-γ-d-Glumeso-DAP (Tri-DAP; NOD1 agonist), muramyl dipeptide
(MDP; NOD2 agonist), or phosphate buffered saline (PBS),
twice daily, for 8 days. The mice were examined
biomicroscopically and immunohistochemically using antiCD31, 4 days and 8 days after alkali burning. To evaluate
angiogenesis, changes in vascular endothelial growth factor
(VEGF), basic fibroblast growth factor (b-FGF), and
transforming growth factor beta-1 (TGF-β1) levels were
determined by real time PCR after 8 days using mRNA from
the corneas. Furthermore, RICK (an essential molecule in
NOD signaling) knockout mice treated with Tri-DAP were
examined biomicroscopically and immunohistochemically 8
days after injury, to confirm the outcome of the first
experiment.

Conclusions: The results of this study show that we
successfully established immortalized corneal epithelial cells
derived from GDLD patients. We hope that our established
immortalized cells will contribute to the future development
of effective treatments for GDLD.

Results:
Biomicroscopic
and
immunohistochemical
examinations showed that angiogenesis was remarkably
higher in the Tri-DAP and MDP groups than in the PBS
group after 8 days. A higher number of new vessels was
observed in the Tri-DAP group compared to the MDP group.
VEGF levels were significantly higher in the Tri-DAP group
than in the PBS group 8 days after alkali burning. TGF-β1
levels were higher in the Tri-DAP group than in the PBS
group, but the increase was not statistically significant.
Compared to wild type mice, CNV was attenuated
dramatically in RICK-deficient mice treated with Tri-DAP.
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INSULIN-LIKE GROWTH FACTOR I (IGF-I) AS THE KEY
FACTOR IN MURINE LIMBAL STEM CELL
DIFFERENTIATION
P. Trosan, V. Holan
Department of Transplantation Immunology, Institute of
Molecular Genetics, Prague, Czech Republic

Conclusion: These data suggest that NOD1 stimulation is
an important inducer of CNV, and NOD1 can be useful for
developing CNV therapy.

Limbal stem cells (LSC), which reside in the basal layer of
the limbus, are thought to be responsible for corneal
epithelial healing after injury. A bilateral damage of limbal
tissue leads to a decreased vision or even blindness and the
only effective form of treatment is the tranplantation of LSC.
After the damage of the cornea, LSC start to proliferate,
differentiate and migrate to the site of injury. However, the
molecules responsible for communication between the
cornea and limbus have not yet been described. We
established a mouse model of mechanical corneal damage
and the central cornea or limbal tissue was excised at
various time intervals. It was observed in the cornea that the
expression of number of genes for differentiation and growth
factors was significantly upregulated already 3 or 6 hours
after the damage. It was found that insulin-like growth factor
I (IGF-I), which is rapidly overexpressed after injury,
enhances the expression of IGF-I receptor in limbal cells and
induces the differentiation of LSC into cells expressing the
corneal cell marker cytokeratin K12, without any effect on
limbal cell proliferation. In contrast, epidermal growth factor
and fibroblast growth factor-b, which are also produced by
the damaged corneal epithelium, supported limbal cell
proliferation without any effect on their differentiation. The
results thus suggest that IGF-I is the key factor responsible
for the differentiation of LSC into corneal epithelial cells.
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ESTABLISHMENT OF IMMORTALIZED CORNEAL
EPITHELIAL CELLS LACKING THE FUNCTIONAL
TACSTD2 GENE AS AN IN VITRO MODEL FOR
GELATINOUS DROP-LIKE DYSTROPHY
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Purpose: Gelatinous drop-like corneal dystrophy (GDLD) is
caused by biallelic mutations within the tumor-associated
calcium signal transducer 2 (TACSTD2) gene and is
characterized by corneal subepithelial amyloidosis.
Currently, the only effective treatment for this disease is
replacement of the cornea, however, recurrence of the
disease can occur within several years after the
replacement. The purpose of this present study was to
establish immortalized corneal epithelial cells lacking the
functional TACSTD2 gene to contribute to the future

COI/Financial disclosure: Nothing to disclose
P121
224

ULTRAHIGH RESOLUTION COMPREHENSIVE 2D
CORNEAL EPITHELIUM, BOWMAN LAYER MAP AND
DYNAMIC TEAR FILM IMAGING WITH MODERN HIGH
SPEED OCT

of this synergy, cells were stimulated with carbachol and
adenosine. Activity and levels of key elements were
measured. Levels of cAMP were significantly increased in
cells stimulated with adenosine and carbachol combined,
compared to separate stimulation. A similar pattern was
seen with an agonist for the adenosine A2 receptor agonist
CPCA together with carbachol. The inhibition of adenylate
cyclase appears to eliminate the A2 receptor mediated
synergy, which further indicates the importance of cAMP
formation for the synergistic effect. Phosphorylation of the
p42/44 and p38 kinases was not significantly changed by the
co-stimulation. Inhibition of p38 was found to attenuate the
synergy, but not abolish it. Therefore, it appears as if p38
has a role in the secretory process but not particularly in the
synergy. The study concludes that cAMP levels are a key
factor in the A2 receptor mediated synergy with carbachol in
rabbit LG.

B. Grajciar, T. Schmoll, C. Blatter, R.A. Leitgeb
Center for Medical Physics and Biomedical Engineering,
Medical University of Vienna, Vienna, Austria
We
present
ultrahigh-resolution
optical
coherence
tomography exhibiting an axial resolution in tissue of 2µm
and operating at 100 kHz. Such speed is indispensable for
in-vivo imaging if precise anatomy is to be determined. The
high resolution enables extraction of corneal surface
microstructure such as the epithelium layer as well as the
boundaries of Bowman layer and stroma. A full volume of
1000 x 100 x 800 pixels is recorded in only 1 s. Fig. 1 shows
a typical B-scan close to the corneal center. We observe the
epithelium and a well defined Bowman layer. At the surface
of the cornea the tear film can be appreciated. Layer
boundaries are extracted with high accuracy of 1µm. A
epithelium layer thickness of 48.71µm±1,05µm and of the
Bowman layer thickness of 15.43µm±2.7µm over a diameter
of 6mm has been measured. Healthy cornea structure is
compared to post PRK corneas and reveals strongly
changed Bowman layer appearance. Fast B-scan series
allowed studying dynamically break up (time evolution) of
natural tear film over time. The tear film thickness after
blinking was found to be 8.6 ± 1 µm, but strongly varies not
only between probands but also for single probands during
the day. The speed and resolution performance of the
system potetiall¥ helps to precisely plan refractive surgery,
as well as yields new perspectives on studying and
understanding tear film dynamics in its natural environment.
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TEAR CHARACTERISTICS FOLLOWING 8-HOUR
SILICONE HYDROGEL CONTACT LENS WEAR: A
COMPARISON BETWEEN THE EFFECTS OF TWO BASE
CURVES
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The base curve of contact lens is one of the key factors that
determine the acceptability and suitability of a specific type
of contact lens to the users. To investigate the effects of
different base curves (BC), 8.4 mm and 8.7 mm respectively,
on tear characteristics, we recruited 40 volunteers, aged
between 18 -20, 26 females and 14 males, to have 8-hour
contact lens wear on two separate days and characterize
their tear osmolarity, tear film break-up time (TBUT), and
Schirmer I test as well as IL-6, IL-10, and interferon gamma
(IFN-γ) contents. The volunteers were also evaluated for
bulbar redness scoring. All volunteer were asked to stop
wearing contact lens for at least one week before
participation in the study. The results showed no difference
of tear osmolarity, TBUT, and Schirmer I test between the
use of BC 8.4 and BC 8.7 contact lenses. However, IL-6, IL10, and interferon gamma (IFN-γ) contents were all higher
with BC 8.4 wear than those with BC 8.7 wear. The mean
bulbar redness score was also higher in the BC 8.4 group
than that in the BC 8.7 group. The results of this study
demonstrated that tear cytokine contents may be more
activated with contact lens wear of less base curve, along
with higher bulbar redness scores, although other tear
characteristics may not be affected.

[Fig.1]
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SIGNAL TRANSDUCTION IN THE SYNERGY OF
ADENOSINE AND CARBACHOL IN LACRIMAL GLAND
ACINAR CELLS
S.K. Carlsson, J.P. Gierow
Linnaeus University, Kalmar, Sweden
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The lacrimal gland (LG) produces fluid and proteins for the
tear film aqueous layer. Dry eye conditions can be caused
by LG dysfunction, leading to high discomfort, corneal
infections and damage to the ocular surface. To understand
the pathophysiology of dry eye, the normal physiology of the
LG must be studied. In the current study, signal transduction
pathways of the protein secretion process in LG acinar cells
were investigated. Adenosine and carbachol have been
shown to act synergistically on the protein secretion of rabbit
lacrimal gland cells. Such synergistic effects may be a
potential therapeutic target for increasing secretion in
patients with dry eye. To assess the intracellular mechanism
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EFFICACY OF FP-MC, INHIBITOR OF NUCLEAR
FACTOR-KAPPA BETA, IN TWO DIFFERENT RAT
MODELS OF INFLAMMATION.
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movement of the Z-axis position. A normal human cornea
and Acanthamoeba cysts on agar culture were examined by
this three-dimensional method.

Background and aims: To evaluate the efficacy of FP-MC
(a Fusion Protein of Cementoin-SLPI) in two rat models of
inflammation.

Results: The average minimum and maximum scan speeds
measured in micrometer per second were 22.07+/-1.05 and
38.15 +/- 0.85 respectively. Scan speed re-measurement
results were 21.90 +/- 1.74 and 38.09+/-1.13. There was no
statistically significant difference between the first and
second set of measurements. Reconstructed tomographs of
normal cornea and Acanthamoeba cysts were generated
using our original software.

Methods: In the rat model A, an alkali injury was performed
on the right cornea of 42 rats under general anesthesia,
using a 3 mm diameter filter paper containing 1 mol/L NaOH
during 40 seconds. SLPI (20 ug), FP-MC (2 ug) or vehicle
were topically administered four times daily. Animals were
sacrificed at day 1, 3 and 7. Corneas were processed for
Western Blot analysis to evaluate NFKb changes, using two
types of primary antibodies against NFKbeta. The number of
PMN cells, quantity of cells in corneal stroma as well as the
extension and depth of neovessels were examined by
histology. In rat model B, six rats were intraperitoneally
injected with streptozotosin. After 12 weeks of confirmed
diabetes, FP-MC (20ug/4ul) was intravitreally injected in the
left eye. The right eye remained as control. One month after
the ocular injection animals were euthanized, retinas were
processed for immunohistochemical and Western Blot
analysis, using primary antibodies againstTNF-alfa, IL-17, cPLA2, and GFAP.

Conclusion: The Z-axis position can be controlled using a
remote unit with motorized HRT RCM, resulting in improved
operability. Consecutive planar corneal images can be
produced with linear, uniform movement of the Z-axis
position with reproducible speed, thus generating threedimensional images.
COI/Financial disclosure: Nothing to disclose
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EFFECT OF SUBSTRATE ON PROLIFERATIVE
POTENTIAL AND PHENOTYPE OF LIMBAL STEM CELLS

Results: Total number of cells in the corneal stroma and
presence of macrophages, as well as extension of
neovessels were decreased in FP-MC corneas compared
with other groups of animals (p< 0.05). There was a direct
relationship between severity of inflammation and depth of
corneal
neovascularization.
A
reduced
retinal
immunoreactivity of TNF-a, IL-17, c-PLA2, and GFAP was
found in diabetic rats. WB revealed a less intense sign of
NFKb in the PF-MC group of both animal models.

1

1

3

Methods: Limbal explants were cultured on laminin, gelatin,
fibronectin, FCS, or tissue culture plastic. Proliferation was
assessed by measurement of the cellular outgrowth. Stem
cell phenotype was assesses by immunocytochemistry and
quantitative RT-PCR.

REMOTE-CONTROLLED Z-AXIS ADJUSTMENT AND
THREE-DIMENSIONAL RECONSTRUCTION IMAGING
USING A MOTORIZED HRT ROSTOCK CORNEAL
MODULE
1

2

Here we evaluate the suitability of several substrates for the
culture of bovine and human limbal cells, assessing their
proliferation, morphology and protein expression.
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Purpose: Transplantation of expanded limbal stem cells on
amniotic membrane has resulted in some improvement in
vision. Different substrates may however provide a better
culture environment and in turn greater clinical success.
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Conclusions:
FP-MC,
inhibits
NFKb,
showing
antiinflammatory and antiangiogenic effects until 7 days of
treatment, and also reduced retinal immunoreactivity of TNFa, IL-17, c-PLA2, and GFAP in diabetic rats. Further
research is being conducted to determine the usefulness of
this agent in Ophthalmology.
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Results: The cells had the correct epithelial morphology
across all the coatings used, showing closely packed
cuboidal cells characteristic of epithelium, with a well defined
leading edge. Limbal cells expanded from explants stained
with P63 and [Delta] N-P63 thus providing evidence for their
stem cell identity. Whilst P63 stained uniformly across the
outgrowth, [Delta] N-P63 stained a higher proportion of cells
nearer the explant. The cells cultured on laminin showed a
higher rate of proliferation than any other coating tested as
well as more [Delta] N-P63 expression. PCR showed lower
levels of differentiation markers in cell grown on laminin.
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Conclusions: Here we have assessed several extracellular
matrix proteins for the growth of limbal stem cells, showing
that laminin coated plates induce a higher rate of
proliferation and better stem cell identity than the other
coatings used. This research should contribute to the search
for techniques that allow successful growth of limbal cells
and ultimate transplant into the patient.

Purpose: To evaluate a motorized unit for a Rostock
Corneal Module (RCM) with a Heidelberg Retina Tomograph
III (HRT), which allows remote controlled manipulation of the
Z-axis position (depth) in the cornea.
Method: The motorized unit was attached to a RCM which
was manually rotated to change the Z-axis position in the
cornea. The average Z-axis movement speed was
calculated based on 10 measurements. Minimum and
maximum scan speeds were measured twice to assess
reproducibility. Next, three-dimensional reconstruction
images were generated using our original software, applying
consecutive planar images taken with linear, uniform
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THE C.977 C>G POLYMORPHISM OF THE HOGG1 GENE
IN FUCHS´ DYSTROPHY
1

1
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human fibrin and 0.1% agarose with human keratocytes
immersed within to generate fibrin-agarose scaffolds, and
acellular porcine corneal stromas were obtained by
decellurarizing 1 cm-diameter corneal discs treated with
NaCl or sodium dodecyl sulfate (SDS) and, afterwards, they
were recellularized with human keratocytes. Artificial corneal
stromas were optically and histologically analyzed.
Moreover, artificial corneas were submitted to a surface
characterization and analysis of stromal fibers orientation,
using SurfCharJ ImageJ for surface assessment on
haematoxylin and eosin staining pictures of each sample.
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Purpose: Fuchs endothelial corneal dystrophy (FECD) is a
progressive blinding disease characterized by corneal
endothelial (CE) cell apoptosis, alterations in CE
morphology, and by deposition of extracellular matrix in the
basement membrane. Oxidative stress has been implicated
in the pathogenesis of FECD. The product of the hOGG1
gene plays an important role in the repair of oxidatively
modified DNA in the base excision repair (BER) pathway.
This gene encodes the 8-oxoguanine DNA glycosylase
responsible for the excision of 8-oxoguanine, a mutagenic
base derivative resulting from the exposure to reactive
oxygen species (ROS). We hypothesized that genetic
polymorphism in DNA repair genes may predispose
individuals to the development of FECD and therefore we
checked for an association between the c.977C>G
polymorphism (rs1052133) of the hOGG1gene and FECD
risk as well as the modulation of this association by some
environmental and life-style factors.

Results: Both different models of artificial corneal stromas
showed optimum optical behavior. Furthermore, histological
sections together with the surface analysis showed a welldeveloped corneal stromal structure where stromal fibers
were well integrated. Regarding the cell seeding, human
keratocytes spread and grew into both artificial corneal
stromas.
Conclusion: Bioengineered human corneal stromas
described here produced structurally promising corneal
constructs. These methods could have potential usefulness
for the generation of artificial human corneas for clinical and
experimental uses.
Supported by PI10-CTS-6060 from Junta de Andalucía,
Spain.

Material and methods: This case-control study included a
total of 85 patients with FECD and 105 sex- and agematched individuals without FECD. The DNA was isolated
from venous blood. Genotyping of the polymorphism was
performed with restriction fragment length polymorphism
polymerase chain reaction (RFLP-PCR).
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THE C.972 G>C POLYMORPHISM OF THE MUTYH GENE
IS NOT ASSOCIATED WITH FUCHS ENDOTHELIAL
CORNEAL DYSTROPHY

Results: We did not find any association between the
c.977C>G polymorphism of the hOGG1 gene and the
occurrence of FECD.

1

Conclusions: Our findings suggest that the c.977C>G
polymorphism of the hOGG1gene may not be directly
associated with FECD. This lack of association was
independent of some potential FECD risk factors: firstdegree relatives, tobacco smoking, sex and age.
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Purpose: Fuchs endothelial corneal dystrophy (FECD) is a
commonly occurring, progressive eye disease leading to
blindness in its advanced stage. It is characterized by an
accelerated loss of endothelial cells, morphological changes
in cornea and increase of extracellular matrix deposition at
the Descemet's membrane. It is established that oxidative
stress plays a role in the pathogenesis of this disease.
Chronic oxidative stress is thought to induce the damage of
human corneal epithelial cells on the cellular and subcellular
level. On the DNA level in may introduce the oxidative
damage to DNA. The MUTYH gene encodes an important
protein of the BER pathway, a DNA glycosylase excising
inappropriately paired adenine from DNA backbone. The
genetic diversity in the genes involved in DNA repair may
predispose individuals to the development of FECD. In the
present study we investigated the role of the c.972C>G
polymorphism (rs3219489) of the MUTYH gene in the FECD
development as well as the contribution of some
environmental and life-style factors in modulating of this
association.
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NEW APROACHES FOR HUMAN CORNEAL TISSUE
ENGINEERING: FIBRIN-AGAROSE SCAFFOLDS AND
DECELLULARIZED CORNEAL STROMAS
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Introduction: Construction of an artificial cornea remains
challenging mainly due to the difficulties to obtain a
transparent and functional corneal stroma in the laboratory.
Part of this is due to corneal stromal architecture, with its
well-defined, orientated collagen lamellae. Here we describe
two new approaches to construct human corneal stromas
based on fibrin-agarose scaffolds and decellularized porcine
corneal stromas.

Material and Methods: This case-control study included a
total of 85 patients with FECD and 105 sex- and agematched individuals without FECD. The venous blood was
collected from each subject and the DNA was extracted.
Genotyping of the c.972G>C-MUTYH polymorphism was
carried out by PCR with confronting two-pair primers (PCRCTPP).

Material and method: Bioengineered human corneal
stromas were developed in the laboratory using a gel of

Results: We found that the c.972C>G polymorphism of the
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MUTYH gene does not influence the risk of FECD
occurrence.
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Conclusions: Our result suggest that the c.972C>G
polymorphism of the MUTYH gene may not play a role in
FECD. This result is independent of some potential FECD
risk factors: first-degree relatives, tobacco smoking, sex and
age.

Previous literature has supported that fish oil intake helps to
alleviate dry eye symptoms in many aspects. It has not been
determined, however, how fast that dietary fish oil
supplement may alleviate dry eye symptoms, objectively and
subjectively. In this study, 32 volunteers, aged between 2649, 16 females and 16 males were recruited to study this
question. All volunteers were without surface or other ocular
diseases. The tear osmolarity, TBUT, and Schirmer's test,
bulbar redness scores were assessed. The volunteers were
also subject to complete a visual analogue scale of
discomfort and a questionnaire for dry eye symptoms before
and after fish oil intake. They were then given two 500 mg
fish oil capsules daily as a dietary supplement for two weeks.
The volunteers were asked to take one capsule in the
morning and another capsule in the evening. After two
weeks, the average tear osmolarity was 287.6± 17.8
mOsm/L, compared with 297.4± 14.4 mOsm/L prior to fish oil
supplement. The Schirmer´s test score in 5 minutes
increased to a mean of 8.60 mm from the original 6.21 mm
after 2 weeks. TBUT was also increased from a mean of 5.6
seconds to 7.2 seconds. However, there was no statistically
significant change in bulbar redness scores and visual
analogue scale of discomfort. The present results indicated
that only two-week dietary fish oil intake is good enough to
alleviate dry eye symptoms in objective parameters.

This study was supported by the grant number N N402
591840 of Ministry of Science and Higher Education.
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THREE-DIMENSIONAL CULTURES OF N-CADHERINEXPRESSING CONJUNCTIVAL EPITHELIAL CELLS
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Purpose: We have recently reported that N-cadherinexpressing conjunctival epithelial cells have strong stem-cell
properties. We sought to construct three-dimensionally
cultured epithelial tissue from the N-cadherin-expressing
conjunctival
epithelial
cells
and
investigate
the
histochemistry and expression profile of the tissue.
Methods: From single cell suspension of conjunctival
epithelial cells prepared by the use of Dispase and trypsin,
N-cadherin-positive conjuncticval epithelial cells were
magnetically separated and were seeded on an
atelocollagen gel containing Mitomycin C-treated 3T3 cells.
After the cells reached 100% confluence, the cells were
cultured under the airlifted condition. For the epithelial tissue,
expression
analysis
against
various
types
of
undifferentiated-state, differentiated-state and cell adhesion
related markers was performed.
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TO COMPARE RECURRENCE FOLLOWING PTERYGIUM
EXCISION AND LIMBAL CONJUNCTIVAL AUTOGRAFT
WITH AND WITHOUT ADJUNCTIVE THERAPY WITH
MITOMYCIN C

Results: Conjunctival epithelium cultured from the Ncadherin-positive cells exhibits a stratified squamous
epithelium. N-cadherin, p63 and cytokeratin 15 as
undifferentiated-state markers were expressed in the basal
layer of the three-dimensionally cultured conjunctival
epithelial tissue. Cytokeratin 4 was expressed in the
suprabasal to upper layer of the three-dimensionally cultured
conjunctival epithelial tissue. Cytokeratin 13 was expressed
in all layers of the three-dimensionally cultured conjunctival
epithelial tissue. ZO-1 and desmoplakin which is known to
be cell adhesion related markers were expressed in the
three-dimensionally cultured conjunctival epithelial tissue.

S. Irfan, L.A. Bahoo
Ophthalmology, Mughal Eye Trust Hospital, Lahore,
Pakistan
Objective: To compare the recurrence in primary and
recurrent
pterygium,.following
excision
and
limbal
conjunctival autograft, with and without adjunctive therapy
with MMC.
Material and methods: A prospective study was done at
two tertiary referral centers, from June 2009 -December
2010. 85 consecutive cases in 65 patients of pterygium were
included, 75 primary and 10 recurrent, between the ages of
30-65 years, mean 42.2 +/- 10.6 years. They were divided
into 3 subgroups regarding management;

Conclusions: Considering the obtained data for the
expression pattern of the undifferentiated-state, the
differentiated-state and the cell adhesion related markers, Ncadherin-expressing conjunctival epithelial cells have a
capacity to maintain stem cell population as well as to create
moderately and terminally differentiated cell populations in
the artificially configured organotypic culture system.

Group A (28 cases, all primary) had pterygium excision with
Bare sclera technique + MMC application Intra-operatively,
0.2mg / ml x 2 min.
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Group B (28 primary cases), had pterygium excision with
limbal conjunctival autograft.
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Group C (29 cases,19 primary, 10 recurrent), had pterygium
excision + limbal conjunctival autograft + MMC
intraoperative, 0.2mg / ml x 2 min in primary cases and for 3
min. in recurrent cases.

TWO-WEEK FISH OIL INTAKE IS GOOD ENOUGH TO
ALLEVIATE DRY EYE SYMPTOMS
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Post-operative follow-up was for 18 months to note
recurrence and MMC related complications.

228

phacoemulsification for cataract in her right eye. Continuous
curvilinear capsulorhexis (CCC) was performed smoothly,
but the torn anterior lens capsule was not totally removed
from the anterior chamber after CCC. A 1x1 mm2-sized
hemi-translucent haze was noted at the posterior surface of
the central cornea during irrigation, and it was left untouched
as possible endothelial edema or Descemet membrane
injury. The haze was still noted on postoperative day 1;
spectral-domain optical coherence tomography (SD-OCT)
revealed a lens capsule fragment adhering to the posterior
corneal surface. Six months after surgery, such adherence
still persisted with localized endothelial cell loss.

Results: Over 18 months follow up, recurrence was noted in
Group A, 7cases (25%), p value 0.002; in group B, 2 cases
(7.14%), p value 0.001 and in group C, 1 case (3.45%), p
value 0.001. There was no recurrence in 10 cases of
recurrent pterygium. Dellen formation was noted in 4 cases
of Group B; there was no other complication.
Conclusion: The intra-operative use of MMC 0.2 mg/ml for
2 min. as an adjunctive therapy to limbal conjunctival
autograft is safe and markedly reduces recurrence. MMC
helps in quick uptake of graft at the recipient site, reduces
post-operative inflammation hence minimizing recurrence.

Conclusions: A lens capsule fragment could persistently
adhere to the posterior corneal surface for up to six months
after cataract surgery, and SD-OCT offered a good view for
diagnosis.
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OCULAR SURFACE IN HEPATITIS C
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CLINICAL OUTCOMES AFTER FEMTOSECOND LASER
IN SITU KERATOMILEUSIS
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2
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T. Miyamoto , Y. Takada , R. Takatsuki , S. Saika

The aim of this prospective study was to investigate changes
in ocular surface and tear parameters in patients with biopsy
proven hepatitis C.

1

1

Ophthalmology, Wakayama Medical University, Wakayama,
Ophthalmology, Takatsuki Eye Clinic, Osaka, Japan
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Purpose: To evaluate the clinical outcomes of laser in situ
keratomileusis (LASIK) surgery for the correction of myopia
with VisuMax femtosecond Laser assisted corneal flap
creation.

One hundred twenty-four eyes of 31 patients with biopsyproven chronic hepatitis C and 31 healthy control subjects
without systemic hepatitis C infection were examined with
the Ocular Surface Disease Index questionnaire, tear film
breakup time, Schirmer test, corneal fluorescein staining and
scoring of ocular surface Rose Bengal staining using van
Bijsterveld and Oxford scoring system. All patients with
hepatitis C at 5 different stages of hepatic fibrosis have
undergone hepatic biopsy and hepatic fibrosis staging was
determined according to the Knodell-Ishak scoring system.

Setting: Takatsuki eye clinic, Kumatori, Osaka, Japan.
Design: Case series.
Methods: A review of femtosecond LASIK cases from
March 2009 to September 2011 was performed. The
VisuMax femtosecond laser (200kHz) was used to create
flaps with an intended flap thickness from 90 to 110
micrometer and sidecut angle from 70 degree to 110 degree.
EC5000 excimer laser (NIDEK) was used for myopic
ablation in all cases. Main outcome measures included
uncorrected and corrected distance visual acuities.

All ocular surface parameters were significantly worse in the
hepatitis C Group than in the control Group; patients with
hepatitis C also had significantly lower Schirmer test and
lower tear BUT scores and higher OSDI scores. But only
tear BUT and van Bijsterveld test scores were statistically
worse in the Hepatitis C Group.Moreover linear associations
between the stage of hepatic fibrosis and the scores of
Schirmer test of van Bijsterveld test were found out.

Results: Intraoperative complications were as follow: 2
cases of suction loss and 2 cases of bleeding from sidecut
edge. There were no postoperative complications.

In conclusion, patients with hepatitis C were more likely to
exhibit signs of ocular surface disorder.

Conclusions: LASIK with VisuMax femtosecond Laser
assisted corneal flap creation is a safe and effective method.
Complications were mild and did not affect final visual
outcomes.
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PERSISTENT ADHERENCE OF LENS CAPSULE
FRAGMENT TO POSTERIOR CORNEAL SURFACE
AFTER CATARACT SURGERY

P136
AFM OBSERVATION OF HUMAN AMNIOTIC EPITHELIAL
CELLS BEFORE AND AFTER INDUCED INTO CORNEA
EPITHELIAL CELLS

Y.-T. Hsieh
Ophthalmology, Buddhist Tzu Chi General Hospital, Taipei
Branch, New Taipei, Taiwan R.O.C.

Q. Zhou, Y. Ruan, X. Liu

Background: To report a case of persistent adherence of a
lens capsule fragment to the posterior corneal surface after
cataract surgery.

First Affiliated Hospital of Jinan University, Guangzhou,
China
Objective:

Methods: The clinical course of a single case was
described.
Results:

An

82-year-old

female

1. To establish a method of culturing and labelling human
amniotic epithelial cells (HAECs) in vitro.

received
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nonSP CFEs (1.2 and 5.3 %; rabbit). In the Falcon
outgrowths, SP percentiles were markedly higher and
increased over time (25.8, 32.5 and 68 % and 19.5 and 27.4,
st
nd
th
38 % in the 1 , 2 and 4 for rabbit and human).
Additionally, the SP CFE markedly increased reversing the
CFE SP/ nonSP CFE ratio to 9.2%/ 1.4 %. Thus, while in live
tissue the contribution of the SP cells to total CFE is minimal,
in the explant culture the phenotype incorporates more than
50% of the CFE. Organ cultured corneas yielded
comparable results. The SP percentile was 23 % higher in
the limbal zone than in the outgrowth (corneal) zone .
Results are consistent with the notion that the in vivo
quiescent limbal stem cell, which normally isunable to start
proliferation in culture, undergo in explant culture, a selfrenewing activation that, over time, can lead to outgrowths
highly enriched in precursor cells with regenerative potential.

2. To investigate the transdifferentiation of HAECs into
corneal epithelium cells using atomic force microcopy (AFM)
on morphology.
Methods:
1. HAECs were isolated from serologically screened donor
human placenta using enzyme digestion and cultivated in
culture medium for primary culture and passage.
2. HAECs were co-cultured with rabbit corneal stroma cells
for 2 weeks, identified by immunofluorescence staining for
CK3+12.
3. The characteristic of morphology and ultra-microstucture
of HAECs before and after co-culture were investigated
using AFM, compared to human corneal epithelial cells
(HCECs).

COI/Financial disclosure: Supported by NIH EY 014878,
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Results:
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1. HAECs immediately harvested from the fresh placenta
could be cultured in culture media. HAECs became a
cobble-stone-like shape with a low N/C ratio and formed a
sheet with obviously discernible intercellular junctions.

MODIFICATION OF THE POST-LASIK IATROGENIC
KERATECTASIA TREATMENT

2.
The
co-cultured
HAECs
immunoreactivity to CK3+12.

S.Fyodorov Eye Microsurgery Federal State Institution
Volgograd Branch, Volgograd, Russia

displayed

I. Remesnikov, V. Fokin, H. Solodkova

positive

Purpose: To propose treatment approach to the post-LASIK
iatrogenic keratectasia.

3. The ATM images revealed that the nucleus center shape
of the co-cultured HAEC changed from valley appearance to
HCEC -like mountain peakappearance.

Methods: Three corneal crosslinking (CXL) procedures
were performed in 3 patients (males, mean age 32 years)
with post-LASIK iatrogenic keratectasia. Pre-surgical
pachymetry equaled 350-370 µm, keratometric values at the
top of keratectasia were from 48,0 to 53,0 D. Interface was
delaminated by means of a spatula. To achieve sufficient
stromal thickness for CXL procedure, a pouch in the corneal
interface corneal was formed, which was filled at first with
0,1% hypotonic riboflavin solution and afterwards with 0,1 %
riboflavin solution on 20% dextran T500, the latter being
additionally supplied every 5 min. In all the cases corneal
thickness of 400 µm was achieved and maintained in course
of all the CXL procedure.

Conclusions:
1. HAECs can be successfully primary cultured and
passaged in vitro.
2. HAECs could be transformed into HCECs induced by
rabbit corneal stroma cells.
3. The visualized data obtained from AFM for HAECs can
prove further the co-cultured HAECs with corneal stroma
cells transformed into HCECs successfully on morphology.
COI/Financial disclosure: Nothing to disclose

Results: Within the first twenty-four hours after CXL a
moderate epitheliopathy regressing under epithelialization
therapy was observed in all the patients. In course of the first
3 days a stromal edema of various degree was noted. No
cases of corneal flap disadaptation or epithelial ingrowth
were registered. One month postoperatively and further on
control keratotopographic examinations revealed that
keratometric values at the top of keratectasia reduced by 1,0
D at the average in all the cases (from 0,5 to 1,5 D).
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SIDE POPULATIONS AND CLONAL CAPACITY IN IN
OUTGROWTHS OF LIMBAL EXPLANTS.
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J.M. Wolosin , A. Barash , O. Barut-Selver
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Ophthalmology, Medical School, Mount Sinai School of
3
Medicine, New York, NY, USA, Ophthalmology, Dokuz Eylul
University, Izmir, Turkey

Conclusion: The proposed technique of CXL in progressive
keratectasia after LASIK is effective, easy to perform and
well tolerated by the patients. Further dynamic follow-up is
required.

Grafting of limbal explant outgrowths can reestablish a fully
functional limbal lineage, implying the presence of
stem/regenerative cells within the grafted culture. Using the
side population (SP) flow cytometry phenotype and colony
formation efficiency (CFE), two relative indicators of cell
stemness, we sought to define cell fate and growth dynamics
in such outgrowth cultures. Rabbit and human limbal strips
were explanted on Falcon inserts and, over a 2 month
period, transferred to new inserts up to four times.
Alternatively, corneas maintained in organ culture were
repeatedly debrided. Limbal and outgrowth (i.e., insert or
corneal zones) cells where then harvested, sorted into
SP/nonSP cohorts and their CFE was determined over
feeder cells. As previously reported (J Cell Sci. 118:1715), in
freshly dissected limbi the rabbit and human SPs accounted
for 3 % and 1 % of cell totals and SP CFEs were lower than
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МODIFICATION OF CORNEAL CROSSLINKING
TECHNIQUE
L. Boriskina, H. Blinkova, H. Solodkova, I. Remesnikov
S.Fyodorov Eye Microsurgery Federal State Institution
Volgograd Branch, Volgograd, Russia
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Purpose: To explore the possibility of modified corneal
crosslinking (CXL) clinical application in management of
keratoconus.

So, statistically, there aren't significant refractive changes
but they are clinically important since BCVA improves thanks
to the new compensation.

Methods: In our clinic crosslinking is performed according to
a modified technique which consists of a metered corneal
deepithelialization by means of excimer laser ablation to the
depth not exceeding half of epithelial thickness. Further
course of the procedure corresponds to conventional
practice. Two groups of patients (7 persons each) with
keratoconus of the II-III degree were followed: the I group
(persons, who had classical crosslinking) and the II group,
under the study (those who underwent a modified CXL).
Patients' age averaged 28 years (from 22 to 38 years).

COI/Financial disclosure: Catedra Alcon-University of
Valencia
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EFFECT OF DAYLIGHT ON EYE GROWTH, MYOPIA
PROGRESSION AND CHANGE OF CORNEAL
CURVATURE IN MYOPIC CHILDREN
1

1

Purpose: Due to the northern location of Denmark, the
length of the day varies over the year from 7 to 17.5 hours.
Experimental and clinical results suggest that the
development of myopia is related to light exposure. The
purpose of the study is to investigate whether axial eye
growth, myopia progression, or corneal curvature change in
Danish myopic children varies with exposure to daylight.
Methods: Data from a clinical trial (ClinicalTrial.gov
NCT00263471) supplemented with later data were analyzed.
Change over six months of axial length, cycloplegic
refraction, and corneal curvature in a total of 235 myopic
children aged 8-14 years was measured using Zeiss IOLMaster and Nikon Retinomax autorefractor. Accumulated
exposure to daylight during the measurement period was
calculated for each participant using an astronomical table.
The Pearson correlation of refraction, axial length, corneal
curvature, axial eye growth, myopia progression, corneal
curvature change, daylight exposure and age was
calculated.

COI/Financial disclosure: Nothing to disclose
P140
EFECCT OF THE CORTICAL SENILE CATARACT ON
REFRACTIVE ERROR
1

M.C. Garcia-Domene , M.A. Diez-Ajenjo , C. Peris1
1,2
1,2
1
Martínez , A. Felipe , J.M. Artigas , J.L. Menezo
1
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Zhongshan Ophthalmic Center, Sun Yat-sen University,
2
Guangzhou, China, Trier Research Laboratories, Hellerup,
Denmark

Сonclusion: Proposed modification of CXL procedure in
keratoconus treatment with a depth metered corneal
deepithelialization by means of excimer laser ablation allows
optimizing surgical procedure, promotes rehabilitation in
postoperative period.

1

2

D. Cui , K. Trier , J. Zeng

Results: It was noted that corneal saturation with riboflavin
solution was achieved faster in the II group (mean time - 20
min. in comparison to 30 min. in the I group). Complete
th
postsurgical epithelialization was registered on 4 day (in 72nd
96 hours) in the control group and on the 2 day (in 36-48
hours) in the studied group where epithelialization was more
even, corneal syndrome was less intense.

2

Fundación Oftalmológica del Mediterráneo, University of
Valencia, Valencia, Spain
We want to determine the effect, if any, of the cortical
cataracts on refractive error, and to determine if exists any
dependence on grade and refractive error. For this purpose,
data were collected from 81 subjects (125 eyes, age 71 + 11
years) with pure cortical senile cataract. All the patients used
optical compensation prior to the appearance of cataract.
We measured the visual acuity with their spectacles, the
best corrected visual acuity (BCVA) and we estimated the
type and grade of the cataract according to Lens Opacities
Classification System III (LOCSIII).

Results: Accumulated daylight exposure ranged from 1660
to 2804 hours. Significant correlations were found between
daylight exposure and eye elongation (p=0.000) myopia
progression (p=0.014), and corneal curvature change
(p=0.000). In children exposed to an average of 2781 hours
of daylight, axial eye growth was 0.117 mm, myopia
progression 0.256 diopters, and corneal curvature change
0.048 diopters, whereas in children exposed to an average
of 1682 hours of daylight, axial eye growth was 0.186 mm,
myopia progression 0.320 diopters, and corneal curvature
change -0.035 diopters.

In all cases, the BCVA of all the patients improved with the
new optic compensation (p=0.000), but we not observed a
great improvement regardless the grade of opacity. So,
refraction changes with the cortical cataract, as the patient
attains a better VA with the different compensation from the
one initially in their spectacles, before the appearance of the
cataract.

Conclusion: Eye elongation appears to increase in periods
with shorter days. The cornea tends to flatten in periods with
shorter days and steepen in periods with longer days. The
resultant effect of these changes is a slowdown of myopia
progression during periods with longer days. Use of light
sources imitating daylight may be considered as a means of
retarding myopia progression.

For the analysis of the results, we used the spherical
equivalent (M), the ortho-astigmatism (J0) and the oblique
astigmatism (J45) component. Regarding to M component, no
significant changes were found when the grade of opacity
changed (p=0.462), although we observed a slight myopic
shift when the opacity increased (+0.21 D at low stage, -0.07
D at mild stage and -0.15 D at severe stage). In fact, we can
adjust the behaviour of the M component as the grade of the
2
development of the cataract increased by a linear mode (r =
0.91), and we obtained a negative slope. Regarding the
behaviour of J0 and J45, no statistically significant changes
were observed at any stage and when the grade of opacity
increases.
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PERIODIC EXPOSURE TO HIGH LIGHT LEVELS: DOES
IT INFLUENCE FORM-DEPRIVATION MYOPIA
DEVELOPMENT IN GUINEA PIGS AND CHICKS?
A.V. Collins, S. Backhouse, J.R. Phillips
Department of Optometry and Vision Science, University of
Auckland, Auckland, New Zealand
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Epidemiological evidence suggests that time spent outdoors
reduces myopia prevalence in children. This effect is thought
to be mediated by the significantly higher light levels
experienced outdoors as evidenced by Form Deprivation
Myopia (FDM) studies in animals. We investigated the
influence of timing and duration of high illumination levels on
FDM development by rearing monocularly-occluded guinea
pigs and chicks under 300 lux in a 12:12 hour light:dark
cycle, with brief periods of 10000 lux at a 10-12% duty cycle
per hour. Guinea pigs were raised under these conditions for
2 weeks, while chicks were exposed to the light regime for 3
days due to their more rapid development of FDM. Control
FDM animals were raised under a standard indoor room
illumination of 300 lux for the same periods. Outcome
measures of refractive error by objective refraction and axial
component dimensions by high frequency ultrasound were
taken at the end of the exposure periods. In both guinea pigs
and chicks no significant difference was found in the degree
of myopia induced (difference in mean sphere refraction
between the form-deprived and contralateral control eyes)
under high illumination versus standard illumination
conditions. Furthermore, no significant difference in axial
length or vitreous chamber depth was found. We conclude
that exposure to high illumination levels of 10000 lux at a
10% duty cycle is insufficient to significantly reduce the
induction of FDM in both guinea pigs and chicks. However,
in a parallel set of experiments in chicks, exposure to a
single period of 10000 lux for 2 hours in the evening
significantly (p< 0.05) increased the amount of FDM induced
when compared to the intermittent exposure group.
Therefore not only must the duration of light exposure be
considered if it is promoted as an antimyopiagenic therapy,
but also the timing of that exposure.

evolutionary radiations. Interesting adaptations have evolved
as means to push the limits of specific eye types. Examples
are the small camera-type, inverted retina eyes of marine
fish larvae and the tubular components of the compound
eyes of male mayflies. The camera-type eyes of arachnids
may have evolved from compound eyes and thus constitute
a rare and limited transition from one eye type to another.
COI/Financial disclosure: Nothing to disclose
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ASTIGMATISM IN PRESCHOOL-AGED CHILDREN. THE
SYDNEY PAEDIATRIC EYE DISEASE STUDY.
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Background and aims: To present the ethnic and agespecific prevalence of refractive (RA), corneal (CA) and
internal (IA) astigmatism and to use sensitivity and specificity
of uncorrected visual acuity to detect astigmatism in a
population based sample of preschool-aged children.
Methods: The Sydney Paediatric Eye Disease Study
examined 2461(73.8% participation) children aged between
6 and 72 months. Post-cycloplegic refraction was measured
using autorefraction (Canon RK-F1 or Retinomax). Visual
acuity (VA) was assessed in children aged ≥30months using
the Electronic Visual Acuity (EVA) system or a logarithm of
the minimum angle of resolution (logMAR) chart. Ethnicity
information was collected in questionnaires completed by
parents.

COI/Financial disclosure: This work was supported by a
Faculty Research Development Fund from the University of
Auckland, and a New Zealand Association of Optometrists
Education and Research Fund Post-doctoral Fellowship to
S.B.

Results: Prevalence of astigmatism of ≥1.5D was higher in
East Asian children compared with Caucasian children
(9.7% vs 4.8%,respectively; P< 0.0001). RA and CA
astigmatism was predominantly with-the rule. The
prevalence of astigmatism ≥1.5D showed a significant
decreasing trend with age (P< 0.0001).The best VA cut-off
for astigmatism of ≥2.00D was 51(6/7.5+1) with sensitivity
and specificity of 83.3% and 74.8% respectively. The best
VA cut-off for astigmatism of ≥1.50D was 53(6/6-2) with
sensitivity and specificity of 72.3% and 76.8% respectively.
The best VA cut-off for astigmatism of ≥1.00D was 54(6/6-1)
with sensitivity and specificity of 68.2% and 88.3%
respectively.
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EVOLUTIONARY ORIGINS AND CONSEQUENCES OF
EYE TYPES
R. Kröger, Lund Vision Group
Department of Biology, Lund University, Lund, Sweden
The existence of several basic eye types can be understood
by the early evolution of vision, from solving simple to more
complex tasks. The simplest task, i.e. sensing light, can be
solved with a single photoreceptor. Directional sensitivity is
achieved if incoming light is blocked on one side by a
shielding pigment. Several photoreceptors located in
pigment cups pointing in different directions offer coarse
spatial vision. Up to this point of increasing complexity,
functionally equivalent solutions could be obtained by
convex and concave photoreceptor arrays, as well as by
expressing the photopigment and shielding pigment in the
same or in different cells. However, each solution was
constrained to a specific path as complexity increased
further during evolution, leading to compound and cameratype eyes, as well as everted and inverted retinae,
respectively. The advantages and disadvantages of different
basic solutions for specific advanced visual functions
became evident first after the evolutionary branching point to
different eye types had been passed. Space efficiency is a
major factor and there are many examples of eye-type
specific limitations. A compound eye conveying the same
amount of information as the human camera-type eye would
occupy a hemisphere 0.5 m in radius. An inverted vertebrate
retina would not fit into the tiny eye of a parasitic wasp less
than 1 mm in body length. The eye types inherited from the
very beginnings of visual evolution have thus limited

Conclusion: We observed an age-related decrease in
astigmatism prevalence likely reflecting the process of
emmetropisation. Ethnicity-related differences in astigmatism
were also found. We presented the diagnostic reliability of
VA testing in detecting different levels of astigmatism.
Improved VA screening methods are recommended in
improving detection of astigmatism in preschool-aged
children.
COI/Financial disclosure: NHMRC Scholarship Recipient
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EFFECT OF PTERYGIUM ON CONTRAST SENSITIVITY
S. Sarda, A. Malik, S. Arya, S. Sood
Ophthalmology, Government Medical College and Hospital,
Chandigarh, India
Purpose: To evaluate the effect of pterygium on contrast
sensitivity.
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Methods: 36 eyes with pterygium and 18 eyes without
pterygium were included in the study. Size of pterygium was
measured on the slit lamp vertically at limbus and
categorized into 3 groups (≤3, 3.1 to ≤5, >5mm), horizontally
on cornea (0.5 to ≤2, >2mm) and area was calculated by
multiplying the two and categorized into 3 groups (≤7, 7.1 to
≤14, >14mm2). Contrast sensitivity was measured using
CSV-1000E charts (Vector Vision) at 3, 6, 12,18cpd under
photopic and mesopic conditions.
Results: Mean of Vertical length of pterygium was
4.41±1.12, horizontal width was 2.09±0.68 and area was
9.7±5.01. Significant difference in both photopic and
mesopic contrast sensitivity at all frequencies was noted
between normal eyes and Vertical length of pterygium
>3mm, horizontal width ≥0.5mm and area >7mm2. Contrast
sensitivity had significant negative correlation with all 3
parameters.
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RECURRENCE RATES FOLLOWING BACTERIAL
KERATITIS
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Purpose: Type of bacteria associated with keratitis may
indicate a possible source of infection and risk of recurrent
disease. Patients with bacterial keratitis were therefore
included, to determine recurrence rates and associated
bacterial type.
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ANALYSIS OF ANTERIOR CORNEAL IRREGULARITY BY
MEANS OF NEW PLACIDO-BASED INDICES IN
KERATOCONUS AND SUBCLINICAL KERATOCONUS
PATIENTS
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2

R.A. Kaye , A.E. Kaye , H. Sueke , J. Shankar , T. Neal , S.
1
Kaye

Conclusion: Pterygium with vertical length >3mm,
horizontal width ≥0.5mm and area >7 mm2 caused a
significant decrease in both photopic and mesopic contrast
sensitivity at all spatial frequencies. Contrast sensitivity had
significant negative correlation with all 3 parameters.

Methods: Retrospective analysis of patients with bacterial
keratitis over a 16year period (1995-2010). Patients were
classified by number of recurrences and type of organism
associated with each recurrence.
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3
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6
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Results: Clinical and microbiological data for 2158 patients
with bacterial keratitis were included. There was an annual
increase in the incidence of bacterial keratitis from 154 in
1995, to 317 in 2010 (mean182, SD53). There was little
change in the type of bacteria isolated over the 16years: S.
aureus (8.59%2.94), Coagulase negative Staphylococci
(CNS) (30.62%9.82), P. aeruginosa (11.73%5.27),
Streptococci
(11.01%5.30),
Enterobacteriaceae
(12.70%6.73), Other Gram-ve (6.30%4.81), Other Gram+ve
(5.67%4.09) and mixed infections (9.49%4.85). 11.0% (239)
of patients had at least one recurrence, 1.7%(36) two,
0.3%(6) three and 0.19%(4) more than four recurrences.
Isolation rates were higher in patients with (37.8%), than
without (32.8%) recurrent disease (p< 0.05) with isolation
rates of 34.0%, 45.9% and 32.1% for one, two and three
recurrences, respectively. Staphylococcus was the
predominant organism (50.0%) in patients in whom the same
organism was isolated following every recurrence.
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Spain
The purpose of this work is to assess the performance of
new topographic indices computed directly from the digitized
images of the Placido rings. This study was conducted at
two ophthalmic clinics (VISSUM Alicante and Almería) and
comprised three groups: control group (62 eyes),
keratoconus group (50 eyes) and keratoconus suspect group
(24 eyes). A comprehensive examination was performed
including the corneal topography with a Placido-based CSO
topography system. Clinical outcomes were compared
among groups, along with the discriminating performance of
the proposed irregularity indices, which are derived directly
from the digitized images of the Placido rings. Significant
differences were found when comparing the values of the
indices among groups. Statistical methods such as WitneyWilcoxon non-parametric test, Fisher's test, receiver
operating characteristic (ROC) analysis and K-fold crossvalidation showed the capability of the indices to discriminate
between groups. One can conclude that the direct analysis
of the Placido mires is a valid and effective tool for
keratoconus diagnosis. Although based only the data from
the anterior surface of the cornea, the classifying ability of
the new indices turned out to be very good, even in the
keratoconus suspect eyes. These indices can be used as
supplementary criteria for diagnosing and grading
keratoconus.
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Discussion: Staphylococci were the predominant organism
associated with recurrent keratitis. This suggests possible
nasopharyngeal carriage and re-infection and implies that
decolonisation treatment to the nasopharynx may reduce the
risk of recurrent disease.
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Liverpool, Liverpool, The Nuffield Laboratory of
Ophthalmology, University of Oxford, Oxford, UK
Background: Corneal neovascularisation (CNV) is a major
cause of visual loss. Histological studies indicate that a
minority of corneal vessels (1%) have smooth muscle. It is
unclear whether pharmacological agents can be used to
characterise corneal vessel responsiveness. Indocyanine
green (ICGA) and fluorescein (FA) angiography with
computerised image analysis offers a unique opportunity to
analyse corneal vascular responses to pharmacological
agents in order to target treatments more effectively.

EFFECTS OF SUBTLE ALTERATIONS OF HUMIDITY
AND TEMPERATURE ON TEAR EVAPORATION
1

1

2
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[Type of organism associated with recurrences]
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Objectives: To determine the effects of drugs such as
phenylephrine on CNV using ICGA.
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Ocular Surface Research Group, Singapore Eye Research
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SIM University, Singapore Institute of Technology,
5
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6
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Duke-NUS Graduate Medical School, Yoon Loo Lin School
of Medicine, National University of Singapore, Singapore,
Singapore

Methods: Patients with CNV from a variety of causes were
identified for the study. Colour imaging of the cornea was
conducted using a slit lamp biomicroscope camera. ICG was
injected intravenously and corneal angiography images were
acquired using an HRA2 Scanning Laser Ophthalmoscope
pre and post-instillation of phenylephrine. Images pre and
post-phenylephrine were analysed with an in-house
computer programme using MATLAB.

Purpose: Dry eye is a very common medical problem that
may be aggravated by environmental conditions. Extremes
of physical conditions can destabilize the tear film and
increase tear evaporation. It is not known if relatively minor
alterations in environmental conditions can alter tear
function. Measuring tear evaporation rates (TERs) using
infrared thermography has good reproducibility and may be
a valuable clinical tool for dry eye. We aimed to use this
technique in a controlled adverse environmental (CAE)
chamber to address the effects of varying humidity and
temperature on tear function.

Results: Comparison of images revealed measurable
changes to vessel diameters with reduction in the frequency
of larger diameter vessels. There were significant shifts in
the distribution of vessel diameters and tortuosity across the
regions of interest and during different phases of the
angiogram. Mean (SD) vessel diameter changed pre and
post-pheylpherine at different times: 40.76µM(17.64) to
38.51µM(13.12)
at
27sec;
36.69µM(17.80)
to
35.23µM(15.47) at 34 secs and 34.52µM(13.54) to
29.61µM(17.68) at 98sec.

Methods: Ten healthy participants (mean age ±SD: 20.4
±1.3 years; 1 man, 9 women) were enrolled and exposed to
4 temperature and humidity settings in a CAE. Participants
were acclimatized to each setting for at least 20 minutes
before ocular surface temperature (OST) and tear film break
up time (TBUT) measurements were taken. OSTs were
measured for the cornea, conjunctiva and overall surface,
and corresponding TERs were calculated using our
previously published methodology controlling for body and
chamber temperature and humidity.
Results: At two tested humidities (45% and 65%), raising
the chamber temperature (from 25ºC to 30ºC) resulted in a
-2
significant (p< 0.05) decrease in TERs by 8.35Wm and
-2
18.16Wm respectively. However, at the two chamber
temperatures evaluated (25ºC and 30ºC), reducing chamber
humidity (from 65% to 45%) did not significantly alter TERs
(p>0.05). When the above calculations were repeated using
OST of separate regions, the same conclusions could be
drawn. The TBUT and blink rates were not significantly
affected by differing temperature and humidity (p>0.05).

[Pre phenyelphrine]

Conclusions: In this study, we evaluated relatively mild
changes in environmental parameters and altering ambient
temperature, but not humidity, affected tear evaporation.
More studies are required to define the minimum change in
humidity or the absolute level of humidity that can affect tear
function.
COI/Financial disclosure: Nothing to disclose
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MEASUREMENT OF PHARMACOLOGICALLY INDUCED
CHANGES IN CORNEAL NEOVASCULAR PARAMETERS
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[Table 1]
[Post Phenylephrine]

MTIC = Mean trophozoite inhibitory concentration
MTAC= Mean trophozoite amaoebicidal concentration
MCC = Mean cysticidal concentration

Conclusions: These results suggest that some corneal new
vessels have smooth muscle. ICGA allows measurement of
changes in CNV parameters induced by pharmacological
agents.
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EFFECTS OF UVA-RIBOFLAVIN CROSSLINKING ON
CORNEA: A MULTIMODAL MICROSCOPY STUDY

IN VITRO DRUG SENSITIVITES IN TWO CASES OF
ACANTHAMOEBA KERATITIS

B. Anyama , K. Edward , G. Vargas , M. Motamedi , P.
5
Gupta

1

F.L. Shahid, J. Gandhewar, V. Savant, J. Prydal

1

Purpose: To determine the in-vitro drug sensitivities in two
cases of acanthamoeba keratitis.
Method: Corneal biopsies performed at diagnosis and six
months later were tested for drug sensitivities against routine
anti-amoebic agents for Case 1. In Case 2 corneal and
scleral cultures were performed following enucleation and
tested for drug sensitivities against the same anti-amoebic
agents. Mean cysticidal concentrations (MCC) were
measured against all agents.
Results: In case 1 there was no significant difference in the
MCC between the two samples. However, MCC against
Alexidine was 10-fold lower than previous studies.
In case 2 the results indicate that the trophozoite form of the
scleral isolate was more resistant to PHMB, Chlorhexidine
and Alexidine as compared to the corneal isolate.
Conclusions: The in-vitro response to anti-amoebic agents
and the ability to eradicate cysts and trophozoite forms is
dependent on multiple factors. Most agents are effective
against trophozoites but have limited cysticidal activity. The
favourable response to Alexidine in our study is promising.
Resistance to treatment can develop during the disease
process and may contribute to increased invasion of ocular
tissue as seen in case 2.

0.49

Results: Intact epithelium on control corneas prevented
Calcein-AM to stain cells beyond the first layer of epithelial
cells. However the vitality dye was able to penetrate the
endothelial layer of the control corneas allowing imaging of
keratocytes of posterior side of corneas. Imaging of the
crosslinked corneas on the anterior side revealed keratocyte
damage after UVA/riboflavin treatment, however effects
were not observed on the posterior side of crosslinked
corneas. Second harmonic imaging revealed crosslinking
changed the collagen morphology towards a more
homogenous pattern.

Left sclera

>500

0.49

0.49

2

Methods: Fresh porcine corneas were retrieved from a local
slaughter house. One group of corneas were controls and
another group were crosslinked by treating with 0.1%
riboflavin in 20% dextran solution and ultraviolet A radiation
(365 nm) for 30 minutes after removal of epithelial layer.
Both groups were incubated with 1 uM Calcein-AM and 2
ug/ml Hoescht dyes and with 1 ug/ml Propidium iodide dye
in DMEM medium for 30 - 60 minutes. Images were
captured using a confocal microscope. Z stack images of
150 micron (depth) were obtained by scanning to obtain
cellular images made fluorescent by Calcein-AM and
Propidium iodide.

MTIC MTAC MCC MTIC MTAC MCC
(µg/ml (µg/ml (µg/ml (µg/ml (µg/ml (µg/ml
) 48 hr ) 48 hr ) 48 hr ) 48 hr ) 48 hr ) 48 hr

Voricanozol
0.49
e

4,5

Purpose: Photochemical crosslinking of corneal stromal
collagen using riboflavin and ultraviolet A radiation is a
promising treatment for keratoconus. The purpose of the
study was to qualitatively examine the cytotoxic effects of
photochemical crosslinking on ex-vivo pig cornea by using
non-invasive multimodal microscopy.

Date of
27/02/ 27/02/ 07/03/ 27/02/ 27/02/ 07/03/
susceptibilit
2012 2012 2012 2012 2012 2012
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Conclusion: Confocal laser scanning microscopy revealed
in high resolution the dynamic cytotoxic effects on corneas
stained with the vitality dye Calcein-AM after treatment with

>500
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UVA/riboflavin. This work also supports temporal physiologic
imaging of biologic cellular events. This study furthers the
understanding of cellular injury in keratoconus corneas
undergoing treatment. Work is ongoing to quantify changes
after UVA-riboflavin crosslinking.

P153
THE STUDY ON ROS GENERATION AND ITS
REGULATION OF INFLAMMATION AND APOPTOSIS
PATHWAY IN RCEC UNDER HIGH OSMOTIC PRESSURE
M. Li, Y.H. Chen, W.F. Wang, A.J. Lin, M.J. Sheng
Tenth People's Hospital of Tongji University, Shanghai,
China
Purpose: To observe the response of reactive oxygen
species(ROS)
in
rabbit
corneal
epithelial
cells
（RCEC）under high osmotic pressure , and try to evaluate
the function of ROS on the JNK-mediated inflammatory
signaling pathway and CD95/CD95L apoptosis signaling
pathway.
Methods:1.Use the method of Dispase enzyme digestion to
establish primary cultures of RCEC identified by
immunohistochemical method. 2.Use fluorescence probe
DCFH-DA and Flow cytometry to detect the level of ROS
under high osmotic pressure.3.Under high osmotic
pressure,exam the expression of JNK, p-JNK, p-NF-κB, IL1β ,TNF-a ,CD95 and CD95L.Use TUNEL and Hoechst
apoptosis fluorescent staining to detect the morphological
changes of cell apoptosis.Observe the intervention of
inhibitors of ROS, JNK and NF-κB.
Results: 1.RCEC were in good shape which were stained
positive.2.The fluorescence intensity of hyperosmolar group
was enhanced and reduced by ROS inhibitors (P<
0.01).3.For Western-Blot,the level of P-JNK-2 increased in
hyperosmolar group and also dereased in hyperosmolar
group with ROS inhibitors (P< 0.01).The level of CD95 and
CD95L in hyperosmolar group was higher than normal group
(P< 0.01), and the expression of CD95and CD95L in
hyperosmolar group with ROS inhibitor reduced (P< 0.01).
From the results of p-JNK,p-NF-κB, IL-1β and TNF-a, the
expression levels in hyperosmolar group had increased (P<
0.05). The reduction of p-NF-κB in hyperosmolar group with
JNK inhibitor had statistical significance(P< 0.01).The
expression of IL-1β and TNF-a in hyperosmolar group with
NF-κB inhibitor decreased(P< 0.05). The positive rate of
cells in hyperosmolar group was higher significantly than
normal group which could be restrained by ROS and JNK
inhibitors.

[CO - Anyama - 1]
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PRECISION OF TEAR FILM LIPID MEASUREMENTS
USING LIPIVIEW
D. Patel, L. Hawley
Ophthalmology, Mayo Clinic, Scottsdale, AZ, USA
Introduction: The FDA recently approved the LipiView
system to measure the lipid concentration of the ocular
tearfilm. The intent of this study was to determine the
precision of the lipid concentration measurement of the
human tearfilm using the new interferometer.

Conclusions:High osmotic pressure can induce the
generation of ROS in RCEC.Then ROS can regulate the
activation of the inflammatory and apoptosis signaling
pathways, which can be reversed by ROS inhibitors.

Materials: Eight adult subjects (16 eyes) were randomly
selected to participate. The LipiView system was used to
measure the ocular tearfilm in all subjects.

COI/Financial disclosure: Nothing to disclose

Methods: The tearfilm of eight normal subjects (16 eyes)
were measured at three time points, baseline, one minute
and five minutes. The LipiView system was used to
determine the minimum, maximum and average lipid
concentration at all time points. The data was compiled and
tabulated to determine the precision of the measurement
from baseline for each subject.

P154
MICRORNAS DIFFERENTIATLLY EXPRESSED IN THE
RETINA DURING EARLY OCULAR DEVELOPMENT AND
IN INDUCED MYOPIA IN A CHICK MODEL

Results: Large variance of in the lipid concentration of the
tearfilm was measured amongst individuals. The standard
deviation and confidence interval of each measurement was
used to detect a large variance of the measurement. In this
small series, the standard deviation ranged from -2.65 to
+25.40. There was a trend for the lipid concentration to be
measured higher than baseline in 13 of 16 eyes.
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1

2
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Myopia is an abnormality of image focusing in which the
image of a distant object is focused in front of the retina,
mostly due to an increase of axial length. Myopia is a
complex trait with both genetic and environmental factors
contributing to its genesis. MicroRNAs are a group of small
non-coding RNAs that inhibit the expression of the target
genes. They are involved in different biological processes,
including development and organ remodeling. The present

Conclusion: A large degree of variance in measurement of
lipid concentration of the tearfilm was noted using the
LipiView system.
COI/Financial disclosure: Nothing to disclose
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study used a chick model to explore the involvement of
microRNAs in early ocular development and in myopia
induced by negative lens wear. Microarray studies and
quantitative real-time PCR were used to reveal the
expression profiles of microRNAs in the retina of eyes
harvested at different time points and with or without
treatment. In total, 10 microRNAs in 6 families were found to
be differentially expressed during ocular development while
5 microRNAs in 5 families were found to show differential
expression in induced myopia. Four of these microRNAs
were associated with both ocular development and induced
myopia: gga-mir-29a, -16c, -365 and -1397. Family mir-17
was only involved in ocular development while family mir-29
was involved in both settings. Others studies have also
shown that these two families are involved in organ
remodeling. In conclusion, several microRNAs have been
found to be differentially expressed during ocular
development and/or induced myopia, and hence may play a
role in ocular remodeling. This is the first study that has
revealed the involvement of microRNAs in the development
of myopia in a chick model.
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AN OPTIMIZED HIGH-THROUGHPUT SNP CHIP FOR THE
GENETIC DIAGNOSIS OF RETINAL DYSTROPHIES
1,2

Departament de Genètica, Universitat de Barcelona,
CIBERER, Instituto de Salud Carlos III, Barcelona, Spain

2

Background: Inherited Retinal Dystrophies (RD) are
clinically and genetically heterogeneous disorders, with more
than 100 genes already described. The high number of
causative genes and the diversity of the disease phenotypes
seriously hamper molecular diagnosis by direct mutational
screening.
Aim: To design a comprehensive SNP cosegregation chip
(RD-chip) for high-throughput diagnosis of the 100 most
prevalent RD genes in familial cases.
Methods: Based on our previous experience and data
mining searches on public SNP browsers, 6 to 8 SNPs were
selected for each gene. Criteria to prioritize the SNPs were:
(i) high informativity; (ii) upstream, internal or downstream
position to the gene; and (iii) adscription to different
haplotypic blocks. DNA samples were genotyped in a highthroughput platform using a customized 768 SNP
GoldenGate Genotyping Assay (Illumina).

P155
DERMATOPONTIN INTERACTS WITH
PROTEOGLYACNS VIA THEIR KERATAN SULFATE
CHAINS IN CORNEA
2
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Results: A panel of 10 RD Spanish families was analyzed
with the RD-chip. Five RD genes have been identified as the
cause of the disease in 6 families, and we report 5 novel
mutations. In one Retinitis Pigmentosa (RP) affected family,
the RD-chip has revealed a novel causative gene, already
associated to a different retinal disorder, and a missense
mutation has been identified. The pathogenicity of this new
allelic variant is now being tested. In the 3 remaining
pedigrees all candidates have been excluded, and then
these families have been highlighted for genome wide novel
gene search.

2

Biology, Koya University, Koya, Iraq, Lancaster University,
3
Lancaster, UK, Department of Chemistry and Biochemistry,
UMBC, Baltimore, MD, USA
Dermatopontin, known also as TRAMP (tyrosine-rich acidic
matrix protein), is a 22 kDa protein abundant in the stromal
extracellular matrix. In a previous study at this laboratory
-/(Cooper et al., 2006), dermatopontin-null (Dpt ) mouse
showed significant disruption of the collagen fibril
arrangement in the posterior region of the cornea, indicating
that the protein plays a role in the organization of collagen
fibrils.

Conclusions: The high value as a diagnostic tool of our RDchip has been shown after the analysis of the family panel:
the causative gene has been identified in 6 families, 5 new
mutations have been described, and in the 3 remaining
pedigrees all major RD genes have been discarded.

It has been isolated from bovine corneal stroma in a complex
with keratan sulfate proteoglycans, using 7 M urea followed
by ion-exchange chromatography. Chromatographic and
antibody-based studies suggest that dermatopontin binds to
several keratan sulfate proteoglycans in the complex,
including lumican and keratocan, but not to decorin. Keratan
sulfate-affinity
chromatography
demonstrated
that
dermatopontin can bind directly to corneal keratan sulfate
chains. These data confirm that dermatopontin, is present in
the corneal stroma and can bind to a population of keratan
sulfate proteoglycans containing lumican and keratocan via
their keratan sulfate chains. As the protein cores of these
PGs are known to bind to collagen, the KS chains may act
as 'spacers' between the dermatopontin and the collagen
fibrils. The keratan sulfate chains may act as the tether
between the dermatopontin and the collagen fibril. This
would 'organize' the spacing and orientation of the collagen
fibrils into a quasi-hexagonal lattice and contribute to the
pattern of organization of the fibrils that is required for
corneal transparency. This may explain why loss of keratan
sulfate chains, as in macular corneal dystrophy, would result
in a disorganization of the collagen fibrils in the corneal
stroma with resultant opacity and blindness, and may also
explain the effect of knocking out the DPT gene in mouse,
resulting in disturbing the collagen organization and increase
in the inter-fibril distance.
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EFFECT OF SIMVASTATIN IN HIGH FAT DIET FED MICE
RETINA: TREATMENT FOR DRY AGE-RELATED
MACULAR DEGENERATION (AMD)
1,2

3

4

V.A. Barathi , Y.S. Wey , R.H. Guymer , W.T. Yin
8,9
Luu
1

2,5,6,7

, C.D.

Ocular Disease Model Research, Singapore Eye Research
2
Institute, Ophthalmology, Yong Loo Lin School of Medicine,
3
National University of Singapore, Retinal Research,
Singapore Eye Research Institute, Singapore, Singapore,
4
Macular Research, Centre for Eye Research Australia,
5
Melbourne, VIC, Australia, Retina Research, Singapore Eye
6
Research Institute, Singapore, Singapore, Retina Research,
Centre for Eye Research Australia, Melbourne, VIC,
7
Australia, Retina Research, Singapore National Eye Centre,
8
Electrophysiology, Singapore Eye Research Institute,
9
Singapore, Singapore, Surgical Research, Bionic Vision

237

cycle (RLBP1). Stable overexpression of APP in RMG cells
induced strong antioxidant (upregulation of NRF2 and
GCLC) and anti-ER stress (downregulation of GRP78/Bip
and PERK, and upregulation of GADD34) responses
accompanied by activation of the prosurvival branch of the
unfolded protein response (upregulation of XBP1s, EDEM,
CNX, and HRD1). It was also associated with upregulation of
major genes involved in RMG cell-controlled retinal
homeostasis (KCNJ10, GS, and RLBP1) and protection
against HNE-induced cell death. Altogether these data
indicate that overexpression of APP activated the prosurvival
branch of the UPR, ERAD, and the enzymatic antioxidant
defense system, and was able to stimulate the transcription
of major genes involved in RMG cell functions impaired by
HNE treatment. Our study suggests that targeting APP might
be a potential therapeutic strategy against oxidative
stress/ER stress-associated impairment of RMG cells during
retinal degeneration.

Australia, Centre for Eye Research Australia, Melbourne,
VIC, Australia
Aims: To investigate the effects of simvastatin on retinal
pigment epithelium (RPE), Bruch's membrane (BM) and
photoreceptors complex in mice fed with high fat diet (HFD).
Methods: Mice were divided into 3 groups. Each group
received a normal chow diet (group 1, n=16), high fat diet
(group 2, n=16), or HFD together with simvastatin (group 3,
n=16) for 30 weeks. Fundus imaging and electroretinography
(ERG) were performed at 15 and 30weeks to examine for
gross morphological and functional changes. Animals were
sacrificed at 30 weeks for studying of cellular changes using
light microscopy, transmission electron microscopy and oil
red O staining (ORO).
Results: There were significant structural and functional
changes detected in the HFD mice including the deposit of
multiple discrete white spots in the retina, marked reduction
in the ERG amplitude, thickening of the BM, and vacuolation
of the RPE cell cytoplasm. ORO staining confirmed that the
white spots deposited in the retina were lipid-like droplets in
the BM. None of these morphological and functional
changes were detected in the HFD mice treated with
Simvastatin. The retinal structure and function of the HFD
mice treated with statin were similar to that of the normal
chow diet mice.
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OTX2 GENE NETWORK IN THE MOUSE RETINA
T. Lamonerie, M. Housset, A. Samuel
Institut de Biologie Valrose, University of Nice Sophia
Antipolis, Nice, France

Conclusions:
Significant structural
and
functional
abnormality in the RPE, BM and photoreceptor complex are
associated with high fat diet, and that Simvastatin appears to
be effective in restoring or maintaining normal retinal
structure and function. These findings suggest that statin
potentially has a significant therapeutic role in many eye
conditions including age-related macular degeneration.

Otx2 is a homeobox transcription factor well known for its
role in forebrain and eye development that has also been
linked to human ocular diseases and malformations. In the
mouse eye, its expression is maintained in RPE,
photoreceptor and bipolar cells throughout life. Using a
genetic trick we recently introduced - self-knockout - we
could disrupt the Otx2 gene in adult mice, leading to quick
and thorough elimination of both mRNA and protein in all
Otx2 expressing adult retinal cells. This in vivo ablation
triggers a slow process of degeneration of photoreceptor
cells that spans over four months, demonstrating that Otx2 is
essential in the retina beyond developmental stages. Close
examination of knockout retinas revealed structural and
molecular changes in RPE cells after 10 to 20 days,
suggesting their possible primary role in the disease.
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BETA-AMYLOID PROTEIN PRECURSOR (APP)
PROTECTS RETINAL MÜLLER GLIAL CELLS AGAINST
OXIDATIVE STRESS-INDUCED IMPAIRMENT OF
HOMEOSTASIS AND CELL DEATH
1

1

1
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To gain insight into the onset of degeneration and study the
molecular events downstream Otx2 that are essential for
retinal integrity, genomic analyses were undertaken.
Transcriptome profiling was carried out during the infra-clinic
period of time following self knockout, narrowing down
essential functions coordinated by Otx2. In parallel, ChIPSeq analysis was performed on dissected RPE and neural
retina. Together, these studies disclose the gene network
controlled by a major transcription factor in the retina, and
shed light on the mechanisms leading to age-related eye
diseases. Our mouse model is unique to study late onset
photoreceptor diseases, with the great advantage that we
control the starting time point.
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Retinal Müller glial (RMG) cells play an important role in
photoreceptor survival, due to their ability to regulate retinal
water, potassium and glutamate homeostasis. We
investigated the effects of 4-Hydroxy-2-nonenal (HNE), a
major oxidant associated with retinal degeneration, in human
RMG cell cultures. HNE induced a time- and concentrationdependent increase in the production of reactive oxygen
species associated with mitochondrial dysfunction and
apoptosis. HNE also induced endoplasmic reticulum (ER)
stress, as demonstrated by the upregulation of the central
chaperone, GRP78/Bip, and the ER stress-inducible
proapoptotic transcription factor, CHOP. Stimulation of the
glutathione pathway reversed HNE-induced activation of
caspase-3 and -9, and apoptosis. RMG cells´ adaptive
responses to HNE included upregulation of the central
antioxidant transcription factor, NRF2, of the NRF2 target
antioxidant genes, AKR1C1 and GCLC, and of b-amyloid
precursor protein (APP). Moreover, HNE impaired
expression of genes controlling potassium homeostasis
(KCNJ10), glutamate detoxification (GS), and the visual
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BOTULINUM A EFFECT ON OCULAR ISCHEMIA
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The effect of Botulinum A toxin (BtxA), which inhibits
SNAP25 mediated vesicular neurotransmission, was
investigated in an animal model of ischaemia/reperfusion.
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Transient acute ocular ischemia was achieved by raising
intraocular pressure (IOP) to 120mmHg for 90 minutes
followed by 24 hours reperfusion in adult Sprague Dawley
(SD) rats. A group of 6 animals was injected with 1U BtxA
immediately after raising IOP and the contralateral eye was
injected with saline. Normal S-D rats (N=6) were also
injected with BtxA. Retinal activity was measured with a twin
flash electroretinogram (ERG)24 hours, 3 days or 1 week
after Btx A injection. After collecting the tissues
immunocytochemical methods were applied to visualise
retinal morphology. BtxA was able to significantly improve
neuronal function (p< 0.001, ANOVA), affecting the PII, PIII
and oscillatory potentials in the ERG. The functional
recovery in the PII, reflecting inner retina activity was
matched with an increase in calbindin positive cells in the
amacrine and ganglion cell layer and a significant reduction
(p< 0.01, ANOVA) in the number of dying cells in the
ganglion cell layer 24 hours and 3 days after BtxA treatment.
There were no changes in the expression pattern of synaptic
terminal proteins SNAP 25 and synapthophysin in control,
ischemic and BtxA treated eyes. The results suggest that
inhibition of neurotransmitter release prevents retinal
damage in this model of ocular ischemia.
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EXTRA PHOTORECEPTORS IN TRANSGENIC MICE
S.-Z. Wang, R.-T. Yan
University of Alabama at Birmingham, Birmingham, AL, USA
Regenerative medicine research currently focuses on the
use of embryonic stem cells and induced pluripotent stem
cells, but natural regeneration deploys a different approach awakening adult cells at the injury site to produce new cells
needed for healing the wound. We tested the possibility of
producing new retinal photoreceptor cells from an adjacent
tissue - the pigment epithelium (RPE) - in situ in the mouse
eye. The traditional transgenic approach was used to
achieve ectopic expression in the RPE of a prophotoreceptor gene neurogenin1 (ngn1), or ngn3, driven by
the promoter of RPE gene bestrophin-1 (PVMD2). We found
that transgenic mouse eyes contained extra photoreceptor
cells, which when present in large amount were organized
as extra outer nuclear layer (E-ONL). The E-ONL was often
lined by dark pigments and sometimes noncontiguous,
possibly reflecting the different sites of origin of the extra
photoreceptor cells. Cells in the E-ONL appeared similar to
those in the ONL. They developed outer segments, which
were discernible with bright-field microscopy and were
decorated
by
anti-red
opsin
and
anti-rhodopsin
immunostaining. The thickness of the E-ONL varied, from
comparable to the regular ONL to consisting of only a single
layer of cells. The orientation of cells in the E-ONL, in
respect to the RPE, also varied. The majority of the extra
photoreceptor cells localized between the RPE and the ONL.
Occasionally, extra photoreceptor cells were found within the
choroid and within the optic never. These results provide
support to the concept of reprogramming the RPE for
photoreceptor regeneration.
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NEW MORPHOLOGIC FINDINGS IN THE FOVEOLAR
CONES OF PRIMATE EYES
U. Schraermeyer, S. Julien
Centre for Ophthalmology, University Eye Hospital
Tübingen, Tübingen, Germany
Introduction: The Stiles-Crawford (SC) effect is a property
of the cone photoreceptors of the human eye and was first
described 8 decades ago. It refers to the directional
sensitivity of the cone photoreceptors; specifically to the
phenomenon that light passing near the edge of the pupil is
less efficient at evoking sensation than light passing through
the center of the pupil. It was found that foveal cones have a
less pronounced directional sensitivity than parafoveal
cones. It was speculated that a change in the shape or the
orientation of foveal cones was responsible for the SC-effect.
Until now, no morphologic evidence for these assumptions
has been found.
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TRANS-DIFFERENTIATION OF HUMAN RETINAL
PIGMENTED EPITHELIUM ON POLYHEMA AS A CELL
CULTURE SUBSTRATE

Methods: The eyes from 52 cynomolgus monkeys (Macaca
fascicularis) were fixed and embedded for electron
microscopy. From 15 foveas, semithin sections were made.
Serial sections were made from individual foveas and
recomposed to a three-dimensional view using Amira
software (Visage Imaging GmbH, Berlin, Germany). Ultrathin
sections were stained with uranyl acetate and lead citrate
and observed under an electron microscope (model 902 A;
Carl Zeiss).
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Background and aim: Retinal pigment epithelium (RPE)
makes a monolayer of cells in the outer layer of the retina
and functions to support the neural retina.

Results: Three-dimensional reconstruction of serial sections
clearly showed that in the center of the foveola (200 - 300
µm in diameter) the inner segments of the cones are curved
like a banana. Inner and outer segments together are S
shaped. The orientation of inner and outer segments from
cones in the foveola in a well-fixed specimen is extremely
regular and nearly crystalline. In the parafovea, inner and
outer segments are orientated axially.

CRAB1 and CRAB2 are expressed in Amacrin cells and
PKCα is a marker of Bipolar cells.
Thy1 is expressed in gangelion cells as a marker of
gangelion cells. PolyHEMA refers to Poly 2-hydroxyethyl
methacrylate. This hydro gel is a soft, flexible polymer which
is used to make soft contact lens. In the current study we
investigated effect of polyHEMA as a cell culture substrate
on trans-differentiation of human retinal pigmented
epithelium

Discussion: The shape and orientation of the foveolar cone
is different to parafoveal cones in monkey eyes. If a similar
foveolar morphology is present in human eyes, this could
contribute to the directional sensitivity of the Stiles-Crawford
effect.

Methods: RPE cells were isolated from neonatal human

239

globes and cultured in DMEM/F12 containing 10% FBS.
PolyHEMA (12 mg/ml) in 95% ethanol was prepared. Cells
between passages 2 and 6 were cultured on polyHEMA and
Polystyrene substrates (as control). DMEM/F12 was
supplemented with 10%FBS or 30%AF or DMEM/F12 serum
free media were used to nourish cultured cells on
polystyrene or polyHEMA coated vessels RNA extraction
(QIAGEN, Germany), cDNA synthesis, Real Time-PCR
(QIAGEN, Germany) were also performed.
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THE ROLE OF DOCK3 IN AXON REGENERATION
FOLLOWING OPTIC NERVE INJURY
K. Namekata, C. Harada, X. Guo, A. Kimura, T. Harada

Results: Although the markers´ expression of retinal cells on
polyHEMA was reduced, increased expression of PKCα
gene in RPE cells was cultured on polyHEMA (DMEM/F12
without any sources of growth factors) indicated transdifferentiation of RPE cells to Bipolar cells.

Tokyo Metropolitan Institute of Medical Science, Tokyo,
Japan
The Rho-GTPases, which are best known for their roles in
regulating the actin cytoskeleton, have been implicated in a
broad spectrum of biological functions, such as cell motility
and invasion, cell growth, cell survival, and clearance of
apoptotic cells. Activation of Rho-GTPases are mediated by
guanine nucleotide exchange factors (GEFs). Dock family
proteins are a new family of Rho-GEFs that possess two
evolutionarily conserved domains, termed Dock homology
regions 1 and 2 (DHR-1 and DHR-2, respectively). We show
that Dock3, which belongs to the Dock family proteins and is
expressed specifically in neurons, enhances axonal
outgrowth through rearrangement of actin filaments.
We identify the key amino acids in the DHR-2 domain that
are critical for the catalytic activity of Dock3 as a GEF. We
further demonstrate that Dock3 directly associates with
WASP family verprolin-homologous (WAVE) proteins
through the DHR-1 domain. Brain-derived neurotrophic
factor (BDNF)-TrkB signaling recruits the Dock3/WAVE1
complex to the plasma membrane, whereupon Dock3
activates Rac and dissociates from the WAVE complex in a
phosphorylation-dependent manner. The BDNF-Dock3
signaling pathway stimulates two cytoskeletal dynamics: the
conventional Rho GTPase-mediated actin rearrangement
and the novel GSK-3b-mediated microtubule assembly. To
further elucidate the role of Dock3 in vivo, we generated
Dock3 overexpressing mice (Tg mice). This animal showed
high expression levels of Dock3 in many tissues, especially
in the retina and optic nerve. In retinal explant culture, the
axonal length of Tg mice was greater than that of their WT
littermates. In addition, adult Tg mice exhibited enhanced
optic nerve regeneration following injury.

[FIGURE1: expression of retinal cells markers in cu]

Our results provide both in vitro and in vivo evidence that
neuron-specific Dock3 plays a critical role in the membrane
trafficking of WAVE proteins and also participates in axonal
outgrowth in the adult CNS as an essential downstream
component of BDNF-TrkB signaling.

[FIGURE2: expression of retinal cells markers in c]

COI/Financial disclosure: Nothing to disclose
P165
METHYLGLYOXAL INDUCES HYPERPERMEABILITY OF
THE BLOOD-RETINAL BARRIER AND ITS PREVENTION
BY CHROLOGENIC ACID
J. Kim, C.-S. Kim, Y.M. Lee, K. Jo, J.S. Kim
Korea Institute of Oriental Medicine, Daejeon, Republic of
Korea

[FIGURE3: expression of retinal cells markers in c]

One of the early signs of diabetic retinopathy is the alteration
of the blood-retinal barrier (BRB), which may involve the
breakdown of endothelial cell tight junctions. Methylglyoxal
(MGO) is a cytotoxic metabolite that is produced from
glycolysis in vivo. Elevated levels of MGO are observed in a
number
of
pathological
conditions,
including
neurodegenerative disorders and diabetic complications.
Chlorogenic acid (CGA) is a phenolic compound formed by
the esterification of caffeic and quinic acids, and it has
potential health benefits, including the prevention of

Conclusion: polyHEMA is a non adhesive and hydrophobic
polymer. When RPE cells culture on poly HEMA they can
not adhere to surface so that they join together and form
many colonies. By passing time colonies are going to be
pigmented because the cells interact with each other directly
RPE cells were cultured on polyHEMA (DMEM/F12 without
any sources of growth factors) can trans-differentiate to
Bipolar cells.
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diabetes. Herein, we hypothesize that increased levels of
MGO disrupt the tight junction protein known as occludin
protein by matrix metalloproteinases (MMPs), leading to
breakage of the BRB. We also investigated if MGO induces
BRB dysfunction and whether chlorogenic acid can prevent
BRB dysfunction induced by MGO. When normoglycemic
rats were intravitreally injected with 400 µM MGO, there was
widespread leakage of fluorescein isothiocyanate-bovine
serum albumin (FITC-BSA) from the retinal vasculature
when compared to control retinas. In addition, MGO-injected
retinas demonstrated increases of both activity and
expression of MMP-2 and MMP-9, and the degradation of
occludin was found in the MGO-injected retinas. However,
these effects of MGO were attenuated by an intravitreal
treatment of chlorogenic acid. The results suggest that the
activation of MMPs by elevated levels of MGO in the retina
may facilitate an increase in vascular permeability by a
mechanism involving proteolytic degradation of occludin.
Chlorogenic acid has potential to prevent BRB dysfunction
induced by MGO.

[FIGURE1: expression of retinal progenitor cells/st]
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EFFECT OF POLYHEMA AS A CELL CULTURE
SUBSTRATE ON DE-DIFFERENTIATION OF HUMAN
RETINAL PIGMENTED EPITHELIUM
1

1

1

[FIGURE2 : expression of retinal progenitor cells/s]
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Background and aim: Retinal pigment epithelium (RPE) is
a monolayer of hexagonal cells that is located between
vessels of the choriocapillaris and photoreceptors of the
neural retina. RPE cells are essential for the maintenance of
visual functions of the retina.
PolyHEMA(poly 2 hydroxy ethyl metacrylat) is a hydrophobic
polymer that does not normally support attachment of
mammalian cells. This flexible, soft and water absorbing
plastic is the basic component of contact lenses.

[FIGURE3: expression of retinal progenitor cells/st]
Conclusion: Quantification of expression for the three
selected markers of retinal progenitor cells/stem cells
revealed that polyHEMA could induce RPE cultures toward a
population of cells which could represent a lineage of
primitive retinal cells. The presented data imply the
phenomenal influence of AF on RPE cells´ culture on
polyHEMA, and its potential to induce RPE cells proceeding
toward progenitor cells. Probably this polymer can be useful
for maintenance and expansion of the retinal
progenitors/stem cells.

In the current study we investigated effect of polyHEMA as a
cell culture substrate on de-differentiation of human retinal
pigmented epithelium.
Methods: RPE cells were isolated from neonatal human
globes and cultured in DMEM/F12 supplemented with 10%
FBS. PolyHEMA in 95% ethanol (12 mg/ml) was prepared .
Cells between passages 2 and 5 were cultured on
polyHEMA and polystyrene substrates (as control) in 24
wells culture palates. DMEM/F12 was supplemented with
10%FBS or 30%AF or DMEM/F12 serum free media were
used to nourish cultured cells on polystyrene or polyHEMA
coated vessels.
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RNA extraction, cDNA synthesis and Real Time polymerase
chain reaction (Real Time -PCR) were also performed to
evaluate Retinal progenitor markers (Nestin, PAX6 and
CHX10) in cultured RPE cells

ORGANOTYPIC CULTURE OF PORCINE RETINA
EXPOSED TO PHOSPHODIESTERASE INHIBITOR: A
TOOL TO EVALUATE TREATMENTS FOR RETINAL
DEGENERATIONS
1

Results: It was observed that the expression of PAX6,
CHX10-1, and Nestin genes were detected in cultured RPE
cells on polyHEMA by Real Time PCR.
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Results: The amount of gene transcription of MMP-2 was
decreased in the RPE cells treated with combined
bevacizumab and anti-CTGF. The results showed that the
gelatinolytic activity of MMP-2 was the same for both treated
and control samples. Gene expression of VEGF-A and
Cathepsin D were decreased; however VEGFR-1 did not
alter in the treated RPE cells compared to the controls.

Retinitis Pigmentosa (RP) is a rare form of retinal
degeneration. Between 4 and 5% of patients with RP suffer
from mutations in the phosphodiesterase 6 (PDE6). We
evaluated whether organotypic cultures of porcine retina
exposed to the PDE6 inhibitor Zaprinast could be a useful
model of retinal degeneration on which to evaluate new
therapeutic drugs.

Conclusions: Combination of bevacizumab and anti-CTGF
seems to play an anti-angiogenic role, but its outcome is
ambiguous in terms of effects on fibrosis since both antifibrotic (Cathepsin D) and pro-fibrotic (VEGF-A) factors
decreased in this study. The effects of other factors have to
be investigated before the simultaneous application of
bevacizumab and anti-CTGF against ocular angiogenesis
and fibrosis.

Retinal explants from pig were exposed to Zaprinast up to 4
days to induce retinal degeneration. Apoptosis was
evaluated by TUNEL assay. Activity of caspase-3 was
assayed with a colorimetric assay. Calpain-2 activation was
examined by western blot analysis. Antioxidant total
capacity, nitrites and thiobarbituric acid reactive substances
(TBARS) formation (as indicator of malonyldialdehyde
formation) were measured as oxidative stress markers.
Cyclic GMP (cGMP) accumulation and inflammatory
mediators were measured by enzyme immunoassays or RTPCR.
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HYPERGLYCEMIA INDUCES CCL2-DEPENDENT
INFLAMMATORY MACROPHAGE RECRUITMENT AND
DECREASED VASCULAR AREA AND DENSITY IN THE
NEWBORN RETINA

PDE inhibition induced cGMP accumulation and triggered
retinal degeneration through calpain-2 and caspase-3
activation after 24h in culture. Retinal degeneration was
accompanied by oxidative stress and up regulation of TNFalpha and IL-6.

1,2,3

Our study suggests that organotypic cultures of porcine
retina exposed to a PDE inhibitor could be a favourable
model for therapeutic research into the mechanisms of
photoreceptor death in patients with retinal degeneration,
since porcine retina closely resembles human retina.

1

THE EFFECTS OF BEVACIZUMAB COMBINED WITH
ANTI-CTGF NEUTRALIZING ANTIBODY ON MMP-2 AND
GENE EXPRESSION OF VEGF-A, VEGFR-1 AND
CATHEPSIN D IN HUMAN RPE CULTURES
2

, W.

2

Introduction: Ischemic proliferative retinopathies can arise
from different underlying pathologies such as retinal vein
occlusion, diabetes or prematurity. Recent evidence suggest
that transient hyperglycemia in the preterm infant is strongly
associated with the occurrence of the ischemic retinopathy.
We propose a new model of Neonatal Hyperglycemiainduced Retinopathy (NHiR) that mimics many aspects of
retinopathy of prematurity, but also of diabetic retinopathy.

P168

2

1,2,3

U968, Institut de la Vision, INSERM, UMR_S 968, Institut
3
de la Vision, UPMC Univ Paris 06, UMR_7210, CNRS,
4
UMR_S 872, Centre e Recherche des Cordeliers, INSERM,
5
6
UMR_S 872, Université Paris Descartes, Hôtel Dieu,
Service d'Ophtalmologie, Centre de Recherche
Ophtalmologique, AP-HP, Paris, France

COI/Financial disclosure: Nothing to disclose

1

1,2,3

X. Guillonneau , D. Lenne , S. Lavalette
1,2,3
4,5
1,2,3,6
Raoul , E. Kermorvant , F. Sennlaub

3

H. Ahmadieh , A. Bagheri , Z.-S. Soheili , S. Samiei , S. D.
2
4
Alipour , M. Rezaei Kanavi

Methods: Hyperglycemia was induced in newborn mice by
injection of streptozocine (STZ) at post natal day one (P1).
Animals were grown without insulin treatment and daily
monitored for glycemia and weight. Animals were sacrificed
on day 3, 6 or 14 for immunohistochemical studies and
qPCR quantication. Neuronal cell death was monitored by
TUNEL.
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Results: STZ injections lead to a rapid and sustained
increase of glycemia as soon as P3. The hyperglycemia was
associated with

Background and aims: Bevacizumab is an anti-VEGF
antibody and anti-CTGF is thought to be an anti-angiogenic
and anti-fibrotic agent. MMP-2 is an extracellular matrix
degradative enzyme which is secreted by RPE cells and
plays a key role in the cell proliferation, differentiation and
migration. In this in vitro study, we determined the effect of
combination of bevacizumab and anti-CTGF on the quantity
and activity of MMP-2 and their effects on VEGF-A, VEGFR1 and Cathepsin D in the RPE cell cultures.

(i) CCL2 chimiokine induction at P3 and P6,
(ii) a significant recruitment of cd11c positive inflammatory
macrophages and an increase in total number of Iba+
macrophages/microglia cells in the inner nuclear layer (INL),
(iii) excessive apoptosis in the INL, and

Methods: Neonatal human globes were dissected and RPE
cells were isolated and cultured in DMEM: F12 (1:1)
supplemented with 10% FBS. When cultures reached 80%
confluency, the medium was removed and combined
bevacizumab (0.8 mg/ml)/anti-CTGF (10 µg/ml) was used in
a serum free medium. After 48 hours, RPE cells' RNA was
extracted and reversely transcribed using Qiagen cDNA
synthesis kit and subjected to amplification by Real-Time
PCR. The medium was collected, centrifuged, concentrated
and assessed for MMP-2 by zymography, western blot and
slot blot analysis.

(iv) decreased vascular area and density.
CCL2 deletion and CCR2 blocking antibodies inhibited
(i) macrophage recruitment, and
(ii) normalized retinal vasculature.
Conclusions: Hyperglycemia induced recruitment of CCR2+
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inflammatory macrophages might play an important role in
the development of diabetic ischemic retinopathy.

that catalyzes reduction of chemically reactive electrophiles
and is a zeaxanthin-binding protein in the human macula.
We have previously demonstrated that GSTP1 levels are
decreased in human age-related macular degeneration
(AMD) retina compared to normal controls. We also showed
that GSTP1 levels parallel survival of human retinal pigment
epithelial (RPE) cells exposed to UV light, and GSTP1 overexpression protects them against UV light damage. In the
present work, we determined the developmental time course
of GSTP1 expression in murine retina and in response to
light challenge.
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DEFINING A CONTRIBUTION OF GROWTH
DIFFERENTIATION FACTOR 6 DEPENDENT CELL
SURVIVAL TO EARLY ONSET RETINAL DYSTROPHIES
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Methods: Eyes from BALB/c mice at post-natal day 20, 1
month, and 2 months of age were prepared for retinal protein
extraction and cryo sectioning, and GSTP1 levels in the
retina
were
analyzed
by
Western
blot
and
immunohistochemistry (IHC). Another group of BALB/c mice
with the same age ranges was exposed to 1000 lux of white
fluorescent light for 24 hours, and their retinas were
analyzed for GSTP1 expression by Western blot and IHC in
a similar manner.
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We investigated the contribution of GDF6, a TGF-β
superfamily member that specifies the dorso-ventral retinal
axis, to early onset retinal dystrophies. 249 Lebers
Congenital Amaurosis (LCA) and Juvenile RP (JRP) DNA
samples were screened for mutations, with identified
variants characterized by Western and luciferase assays. In
samples heterozygous for a GDF6 variant, 8 additional
BMP/GDFs were sequenced, with whole exome sequencing
used for 2 samples. Murine and zebrafish Gdf6 mutants
were characterized primarily by retinal histology and TUNEL
assays. Four variants (A249E, D57H, E292D, A199T) were
identified in 4 LCA/JRP samples. One proband was a
compound heterozygote (A249E and D57H), with the
heterozygous parents displaying subtle ERG changes
(paternal: reduced b-wave amplitude; maternal: delayed bwave implicit time). Of the three heterozygous probands, one
carried a deletion of 3 alanine residues in GDF11 (also
present in 2 of 1450 control chromosomes). Immunoblot
analysis demonstrated altered levels of mature ligand
compared to wild type (WT) [decreases: A249E, 56%;
D57H,99%; increases: A199T,137%; E292D,4%] with
luciferase analysis revealing significant decreases in
transactivation of the reporter for each variant (p< 0.001, t+/test). A subset of Gdf6 mice exhibited anomalous ERGs
with up to 50% decreases in a-wave and b-wave amplitudes
compared to WT. The number of apoptotic signals was
substantially increased in both murine and zebrafish
-/homozygous mutants [mean/section: Gdf6 30.4 (WT 8.3),
-/gdf6 76.4 (WT 3.3), (p< 0.001, t-test)]. These data provide
evidence from patients and two model organisms that GDF6
signalling is required for retinal cell survival, so extending the
range of phenotypes associated with GDF6 mutation. The
identification of multiple LCA probands with heterozygous
GDF6 mutations is compatible with multi-allelic inheritance of
a second TGF-β variant. Notably, recapitulation of key
aspects of the human phenotypes in multiple animal models
provides opportunities for developing novel therapies.

Results: GSTP1 levels in the murine retina increased in
ascending order from post-natal day 20, 1 month, and 2
months of age. Moreover, GSTP1 expression in murine
retina at post-natal day 20, 1 month, and 2 months of age
increased in response to brief light exposure compared to
age-matched controls under normal condition.
Conclusions: GSTP1 expression in retina increases with
developmental age in mice and accompanies murine retinal
maturation. Brief exposure to light induces GSTP1
expression in the murine retina across various
developmental ages. GSTP1 induction may be a protective
response to light-induced oxidative damage in the murine
retina.
Grant Support: In part by: K08EY20864; R01EY018586;
Hope for Vision; SanBio, Inc.; P30EY14801; Research to
Prevent Blindness unrestricted grant.
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MEASUREMENT OF RPE BARRIER LEAKAGE DE
NOVO: USEFULNESS IN INVESTIGATING MECHANISM
AND THERAPEUTICS FOR DIABETIC RETINOPATHY
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Purpose: Vascular leakage, a major pathological change in
diabetic retinopathy (DR), is traditionally regarded as
endothelial barrier dysfunction. To investigate the
contribution of RPE barrier breakdown to the overall vascular
leakage in DR, we established semi-quantitative imaging for
RPE barrier breakdown in diabetic and ischemic mice.
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GLUTATHIONE S-TRANSFERASE PI ISOFORM (GSTP1)
EXPRESSION IN MURINE RETINA INCREASES WITH
DEVELOPMENTAL MATURITY

Methods: 10-70 kDa fluorescein isothiocyanate (FITC)dextran was used as probes. Minutes after intravenous
injection of the probes, eyeballs were removed, embedded,
and sectioned. Fluorescent images of eye sections were
used to measure RPE barrier leakage.

W.-H. Lee, P.M. Joshi, R. Wen
Ophthalmology, Bascom Palmer Eye Institute, University of
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Results: Bright fluorescent spots (BFSs), representing the
leakage from severe break points in the RPE barrier, were
detected in P17 ischemic mice (generated with oxygen-

Background and Aims: Glutathione S-transferase pi
isoform (GSTP1) is an intracellular detoxification enzyme
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induced retinopathy) and 10-month-old diabetic mice
(induced by streptozotocin). The number of BFSs was
inversely proportional to the size of FITC-dextran. The RPE
barrier-specific leakage was substantial in diabetic and
ischemic retinas. The number of BFSs was significantly
reduced in diabetic or ischemic mice with RPE-specific
knockout of vascular endothelial growth factor (VEGF) or its
receptor (VEGF-R2) and in ischemic mice supplied with
inhibitor of extracellular-signal-regulated kinase (ERK)
signaling.

(GRF #HKU773210M) and the University Development Fund
from The University of Hong Kong.

Conclusions: An imaging assay was developed to visualize
and quantify RPE barrier leakage de novo in mice. This
assay can be used for testing the potential of therapeutic
agents against RPE barrier breakdown. Our results suggest
that RPE barrier function is regulated through autocrine
VEGF signaling and the RPE barrier breakdown contributed
substantially to diabetes-induced vascular leakage in
rodents. As OCT images have demonstrated significant fluid
accumulation near the RPE in ~30% patients of diabetic
macular edema (DME), our novel methodology will be very
useful to the understanding, diagnosis, and therapeutics of
DME, a major vision loss in DR.
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OCULAR GROWTH AND INTERPHOTORECEPTOR
RETINOID-BINDING PROTEIN (IRBP)
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Recently we found that the layer of inner rods (IRs) was
thinner at P7 in the KO than WT. IRs are the 40% of
differentiating rod nuclei that first reside on the inner side of
the OPL (Young. J Comp Neurol 229:362 (1984)). These IRs
must migrate across the OPL into the ONL or they die by
P10. IRs were gone by P10 in both WT and KO as expected.
The INL was the same thickness at P7 and P10 in WT and
KO. This may imply early movement of the IRs across the
OPL into the ONL in KO versus WT mice. The KO mice lack
other structural and physiological problems: normal lifespan,
no anterior segment defects such as corneal clouding,
cataract, or change in the lens (size, weight, or axial length).
Normal IOP. OKTs normal at P210. Normal RPE cell size,
shape, and number of cells. The effects of the loss of IRBP
seem selective and specific, suggesting a reasonably direct
causal link to myopia. IRBP´s developmental role in eye
growth may control IR migration.

ANTI-INFLAMMATORY EFFECTS OF LUTEIN IN
RETINAL ISCHEMIC INJURY: IN VIVO AND IN VITRO
STUDIES
1

1

The function of IRBP is unresolved; the phenotype of the
IRBP knockout (KO) mouse remains puzzling. As IRBP
precedes rhodopsin appearance by several days, we
postulated that IRBP has a developmental role. We reported
that IRBP is necessary to control eye growth (Wisard et al,
IOVS 2011;52:5804-11). Histology revealed a larger eye size
of congenic KO versus C57BL/6J (WT) mice. The KO eye
was larger starting at P10. Interferometry showed optic axis
of the KO was elongated versus WT, and refractive error in
the KO was 15 diopters more myopic. Globe enlargement
coincided with remodeling of INL at P7-P12. The KO retina
exhibited less apoptosis in the INL than WT, implying that
INL pruning and remodeling events were missed.
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Purpose: Lutein has been shown to protect retinal neurons
from damage during retinal ischemia/reperfusion (I/R),
possibly through both anti-oxidative and anti-apoptotic
properties. As inflammation plays a critical role in I/R injury,
the anti-inflammatory effect of lutein was investigated in the
present study.

Funding: RPB, NEI.
Methods: Unilateral retinal I/R was induced by the blockade
of internal carotid artery using intraluminal method in
C57Bl/6N mice. Ischemia was maintained for 2 hours
followed by 22 hours of reperfusion during which either lutein
or vehicle was administered. Electroretinography (ERG) and
GFAP activation were examined. An in vitro model of
induced hypoxia was also used to elucidate the effects of
lutein on Muller cells. Western blotting of IL-1β, Cox-2,
TNFα, and NFκB were performed.
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ROLE OF DEGRADATION OF ALL-TRANS-RETINAL IN
PROPAGATION OF OXIDATIVE STRESS AND LIGHTINDUCED DAMAGE TO THE RETINA
1

2

M.B. Rozanowska , A. Pawlak , B. Rozanowski

Results: Lutein treatment minimized the deterioration in
ERG response and activation of GFAP in the animal model
of retinal I/R injury. Decreased levels of IL-1β and Cox-2, but
not TNFα, were observed in the cell culture model of
hypoxia. In addition, the level of nuclear fraction of NFκB
was also decreased in the lutein treatment group.
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1

Optometry and Vision Sciences, Cardiff University, Cardiff,
2
UK, Biophysics, Jagiellonian University, Krakowów,
Genetics and Cell Biology, Institute of Biology, Pedagogical
University, Kraków, Poland
3

Accumulation of all-trans-retinal (AtRal) after hydrolysis from
photobleached visual pigments plays the predominant role in
increasing susceptibility of the retina to light-induced
damage. AtRal is a labile compound which can rapidly
undergo degradation. The purpose of this study was to
determine the role of degradation of AtRal in modifying the
susceptibility of photoreceptor outer segments (POS) to
light-induced oxidation. POS were isolated under dim red
light from bovine retinas. Green light (>500 nm) was used for
bleaching of rhodopsin. Visible light (>390 nm) and/or iron
ions were used for degradation of AtRal. Susceptibility to
oxidation induced by exposure to narrow-band light from the

Conclusions: Retinal function was preserved with lutein
treatment. Reduced production of inflammatory factors from
Muller cells was noted, suggesting an anti-inflammatory role
of lutein. Together with our previous study, these results
suggest that lutein protects the retina from ischemic/hypoxic
damage by its anti-oxidative, anti-apoptotic and antiinflammatory properties.
COI/Financial disclosure: This research was supported by
the grants from the Hong Kong Research Grants Council
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ultraviolet and visible range was monitored by oximetry.
Light-induced generation of an excited state of molecular
1
oxygen, singlet oxygen ( O2) was monitored by time-resolved
1
detection of characteristic O2 phosphorescence. The
wavelength-dependence of susceptibility to photooxidation of
POS measured after photobleaching of visual pigments with
green light exhibited a maximum at the same wavelength
(365 nm) as for AtRal solubilized in lipid vesicles. Exposure
to visible light, particularly in the presence of iron ions, led to
rapid degradation of AtRal. Degraded AtRal absorbed
1
shorter-wavelength light than AtRal and photosensitized O2
generation with the same quantum yields as AtRal when
excited with ultraviolet or blue light. The wavelengthdependence of susceptibility to photooxidation of POS with
degraded AtRal exhibited a monotonic increase with
decreasing wavelength down to 340 nm which was similar to
the wavelength-dependence of susceptibility of the primate
retina to light-induced damage published by Ham and
colleagues in 1982. In conlusion, degraded AtRal maintains
1
the ability to generate O2 and mediate light-induced
photooxidation. Degradation of AtRal during exposure to
light and photosensitizing properties of the degradation
products indicate that this is a likely explanation of the
observed spectral dependence of light-induced damage to
the retina in primates.
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ADJUVANT STEM CELL-BASED THERAPY IN ACUTE
RETINAL INJURY AFTER SODIUM IODATE
ADMINISTRATION IN MICE: MORPHOLOGICAL AND
FUNCTIONAL STUDY
A. Machalinska, W. Lubiński, B. Machaliński
Pomeranian Medical University, Szczecin, Poland
Ophthalmic diseases, especially retinal degeneration belong
to prominent causes of disability in developed countries.
Thus, special attention has been focused on research aimed
on establishing new protocols of efficient stem cell (SC)based therapy of these disorders. The aim of this study was
to determine and optimize a new strategy of SC-based
therapy of selectively damaged retina after sodium iodate
(NaIO3) administration in C57BL/6J mice. First, we sought to
assess the regenerative mechanisms triggered after acute
chemical injury of retinal pigment epithelium and
neurosensory retina induced by NaIO3, in mice. The
intravenous injection of NaIO3provides a useful model for the
study of retinal degeneration since it mimics some retinal
degenerative diseases in humans e.g. gyrate atrophy,
retinitis pigmentosa or age-related macular degeneration.
We evaluated the kinetics of morphological and functional
changes within mice retinas injured with NaIO3 via: i)
morphological study; ii) evaluation of expression of selected
neurotrophic factors in injured retina; iii) visualization of
proliferating and apoptotic cells; iv) electrophysiology. Our
findings revealed that massive destruction of the tissue was
associated with irreversible retinal dysfunction, whereas
moderate retinal injury triggered regenerative mechanisms
that restore bioelectrical function of the damaged retina.
Next, we performed intravitreal transplantation of murine
st
GFP+Lin- cells on the 1 day since NaIO3 administration. We
analyzed number and localization intravitreally injected
GFP+Lin- cells within recipients' retinas as well as the retinal
functional changes (electroretinography). By employing
stem/progenitor cell-based therapy we achieved noticeable
improvement in retinal function, particularly in the case of
only partial primary destruction of retinal tissue. Our finding
reveal that the proposed therapeutic strategy could be
recommended as adjuvant therapy supporting endogenous
regeneration of acute retinal damage. However, further more
extensive studies are needed before the introduction of this
kind of therapy into patients.
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REGULATION OF MATRIX METALLOPROTEINASE-9 IN
THE DEVELOPMENT OF DIABETIC RETINOPATHY
1

Q. Zhong , R. Kowluru
1

2

2

Ophthalomolgy, Ophthalmology, Kresge Eye Institute,
Wayne State University, Detroit, MI, USA
Objective: Matrix metalloproteinase-9 (MMP-9) is activated
in the retina and its capillary cells in diabetes, and activated
MMP-9, via damaging retinal mitochondria, accelerates
apoptosis of microvascular cells resulting in the development
of diabetic retinopathy. We have shown that the activation of
retinal MMP-9 in diabetes is via H-Ras-Raf-NFkB signaling
cascade. The transcription of MMP-9 is shown to be
controlled by histone modifications, and its 670 bp of
upstream sequence has an NFkB p65 (p65) binding site.
The aim of this study is to investigate the molecular
mechanism responsible for the regulation of retinal MMP-9 in
diabetes.
Methods: Retina from diabetic rats (streptozotocin-induced)
was analyzed by chromatin immunoprecipitation for the
binding of p65 at the MMP-9 promoter. The role of histone
demethylase, LSD1, in the regulation of MMP-9 promoter
was investigated in the bovine retinal endothelial cells
(BRECs), transfected with LSD1-siRNA, and exposed to
high glucose insult for 4 days.
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VEGF MRNA BUT NOT TNF-Α MRNA LEVELS
CORRELATE WITH EXTENT OF VASCULARITY IN RAT
RETINOPATHY OF PREMATURITY MODEL

Results: Diabetes increased p65 binding at the MMP-9
promoter by 30 folds, and increased MMP-9 gene transcripts
by 1 fold, compared to the values obtained from agematched normal rats. High glucose exposure of BRECs
increased LSD1 gene transcripts and enzyme activity by
~70%, and regulation of LSD1 by its specific siRNA also
ameliorated increase in the MMP-9 transcripts and enzyme
activity.
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4
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School, Norfolk, VA, USA
Introduction: Retinopathy of prematurity (ROP) causes
neonatal vision loss that accounts globally for 50,000 annual
cases. The pro-angiogenic cytokines, VEGF and TNF-α,
have been implicated as contributing to the ROP related
angiogenesis. Our current aim is to establish a correlation
between the extent of retinal vascularity -or VEGF and TNFα mRNA levels in an oxygen-induced rat model of ROP.

Conclusions: Epigenetic modifications of MMP-9 promoter
in the retina regulate its activity in diabetes, and LSD1 plays
an important role in such modulation. Regulation of
epigenetic changes by pharmaceutical or molecular means
could help prevent the development of diabetic retinopathy
via blocking the activation of MMP-9 transcription.
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Methods: Sprague-Dawley pups were placed in an oxygen
chamber (cycling every 24 hours between 50% and 10%
FiO2) for post-natal (P) days P1-P14. On P15 pups were
exposed to room air (21% oxygen). Littermate naïve pups
were used as controls. Rats were euthanized on P15, P18 &
P20 (n=6/group). One retina of each rat was flat-mounted
and
ADPase
stained
for
vascularity
evaluation.
Homogenized contralateral retinas were evaluated using real
time RT PCR for VEGF and TNF-α mRNA levels. On P15
the brains were also evaluated for VEGF and TNF-α mRNA
levels as an internal control for the RT-PCR method.
Results: Data demonstrates a marked suppression of VEGF
mRNA at P15 and a relative increase on P18 and P20. The
rise in retinal VEGF mRNA level is consistent with the extent
2
of vascularity using regression analysis (r = 0.981). TNF-α
mRNA levels remained suppressed during progressive
angiogenesis.

% Area of
Vascularity
Fold
Difference
from controls
of VEGF
mRNA
Fold
Difference
from controls
of TNF-α
mRNA

P15
(Avg±SD)

P18
(Avg±SD)

P20
(Avg±SD)

68±10

75±7

84±6

AMD eye. Cx43 was expressed in the inner plexiform layer
(IPL) in the central retina but was absent in the IPL of other
AMD retinal regions and in normal control tissues. In
addition, three oxidative stress markers were investigated in
the human AMD retina. Nitrotyrosine, a marker for
peroxynitrite-mediated damage, was expressed along retinal
blood vessels and the capillary layer of the choroid. A major
product of oxidative DNA damage, 8-hydroxyguanine
(OH8Gua), was found in the ganglion cells, photoreceptors
and other neurons in the AMD retina. Another oxidative
stress marker, superoxide dismutase 1, was identified in
some retinal neurons with a similar staining pattern to that of
OH8Gua. The interesting finding therefore is that the
activation of microglia in the AMD retina was primarily
surrounding the macula. This indicates that regions around
the macula may be more critical than the macula itself for
AMD. Increased Cx43 around but also within the macula
may indicate the propagation of the inflammatory response
and oxidative stress in the tissue, providing a novel target for
AMD treatment.
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0.64±0.56

0.92±0.78

1.16±0.38

A NOVEL PREVENTATIVE STRATEGY FOR
RETINOPATHY OF PREMATURITY
1,2,3

0.23±0.28

0.34±0.42

0.40±0.44

1

1

2

Purpose: Retinopathy of Prematurity (ROP) is the leading
cause of neonatal blindness in the Western world. Multiple
factors influence the incidence and severity of ROP including
degree of prematurity < 32 weeks' gestation, birth weight <
1.2kg and the stability of monitored oxygen saturation levels.
Current preventive strategies focus on maintaining oxygen
homeostasis through strict monitoring of oxygen saturation
levels, increasing retinal erythropoietin levels and use of
dietary supplements. Because red light irradiation at 670nm
wavelength improves oxidative metabolism by increasing the
efficiency of cytochrome c oxidase, we aimed to determine if
670nm irradiation would reduce vasculature changes found
in the oxygen-induced retinopathy (OIR) model in rodents.

Conclusions: The strong correlation of retinal VEGF mRNA
levels with the extent of vascularity suggests that VEGF may
play a central role in mediating the angiogenic response in
rat ROP model.
TNF-α mRNA expression is not correlative with the extent of
vascularity and does not appear to directly mediate the
angiogenic response in this model.
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Methods: Experimental C567/BL6j mice pups were exposed
to 75% oxygen from p7-12, then normoxia from p12-p17
(OIR); 9 J/cm2 of 670nm light daily from p7-17 (670nm); or
both OIR and 670nm treatment. Control mouse pups
received no treatments. 'OIR' and 'OIR+670nm' animals
were sacrificed at P17, the retinas fixed, isolated and
prepared as wholemounts. Retinal vasculature was labelled
using Griffonia simplicifolia lectin (Sigma L2895), and
quantitatively analysed for changes in vascularisation
patterns including neovascularization, vaso-obliteration and
peripheral vessel branching. To assess the effects of 670nm
light on development, a group of normal and '670nm-only'
animals were weighed and measured daily. At P21 their
organs were harvested, weighed and inspected for
abnormalities.

INFLAMMATION, GAP JUNCTION PROTEIN
EXPRESSION AND OXIDATIVE STRESS IN AGERELATED MACULAR DEGENERATION
2,3

2,3

, M. Barbosa , J. Dahlstrom , J.

ANU Medical School, John Curtin School of Medical
3
Research, ARC Centre of Excellence in Vision Science, The
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Microglia activation is implicated in neurodegenerative
diseases but to what extent microglia are involved in the
human age-related macular degeneration (AMD) is not fully
understood. In this study we examined inflammatory
markers, oxidative stress and expression of the gap junction
protein connexin 43 (Cx43) in a human AMD donor retina.
Cx43 is the predominant gap junction isoform expressed in
the central nervous system and alterations in intercellular
communication may affect the passage of inflammatory and
oxidative stress signals between cells. Calcium binding
adaptor molecule 1 (Iba1) was employed to demonstrate the
microglial response in human AMD retina. More Iba1immunostained cells were identified in the outer nuclear
layer of the central retina surrounding the macula than in the
macula itself or in peripheral retinal regions in the human

Results: Compared to OIR animals, OIR + 670nm animals
had significantly lower levels of both neovascularisation,
vaso-obliteration and had a unique peripheral branching
pattern. No histological abnormalities were observed in
organs including eyes, retina, kidneys, liver, spleen, heart,
thymus, lungs and brain. Brain and lung weights were
increased in the 670nm light treated group.
Conclusion: Exposure to 670nm light may provide a novel
and non-invasive preventative therapy to reduce the severity
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of ROP and other complications associated with low birth
weight.

have limited success and require repeated treatments for
prolonged periods. Other cytokines are known to be involved
in CNV development including hepatocyte growth factor
(HGF), which has been shown to have a role in the early
stages of nAMD. Most research relating to HGF and its
receptor c-met have been reported in tumour cells. Our aim
was to elucidate the effects of HGF on primary human
choroidal endothelial cells (hCEC), and investigate cooperation with VEGF.
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QUANTITATIVE AND QUALITATIVE ANALYSIS OF CONE
DEGENERATION IN RPE65 DEFICIENT BRIAD DOGS

hCEC were isolated, cultured and characterised. The
expression of c-met and associated molecules in hCEC was
detected using western blotting, immunofluorescence, flow
cytometry and qPCR. Proliferation and other angiogenesis
assays were used to assess and compare the effects of
HGF and VEGF on hCEC. Expression of endothelial
markers and the growth factor receptors c-met, VEGFR2
were found in both whole choroid sections and cultured cells.
HGF was found to have a similar effect on hCEC
proliferation and angiogenesis as VEGF. These effects were
additive, an indication of the co-operative signalling which
occurs between these molecules.

K. Stieger, T. Wimmer, B. Lorenz
Department of Ophthalmology, Justus-Liebig-University
Giessen, Giessen, Germany
Purpose: Mutations in the RPE65 gene are associated with
early onset severe retinal dystrophy, a rare form of blindness
in humans that is characterized by severe visual impairment
within the first years of life. The Swedish Briard dog is a
naturally occurring animal model for this disease with a null
mutaion in the RPE65 gene, which has been extensively
used for the development of gene therapy applications.
Morphological studies in mice and functional studies in
humans indicate early S cone function loss, while L/M cones
remain initially functional. The aim of this study was to
analyize the change in number and morphology of cone
-/photorectors in RPE65 dogs in the course of the disease.

A more efficient approach to regulate intraocular
angiogenesis would aim to simultaneously block the actions
of multiple growth factors, or the common downstream site in
the angiogenesis pathway. This project provides insight into
the interactions or cross-talk in human choroidal endothelial
cell signalling. Future targeting of multiple growth factors
may provide a more sustained treatment response in order
to enhance treatment protocols in nAMD.

Methods: Retinae from 16 dogs were used in this study, two
unaffected and 14 affected animals. Age varied between 3
months and 6.5 years. Eyes were processed to obtain either
cryosections or flatmount preparations. Antibodies against
the cone opsins (S-opsin, LM-opsin) and a nonspecific cone
marker (Penut agglutinin) were used. Quantifications were
done on flatmount preparations using imageJ cell counter
software.
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Results: Opsin delocalisation was observed at two years of
age in L/M and S cones. Especially L/M cone opsin
delocalized into the inner segment and nuclear region. In
retinae from affected dogs, the total number of S cones was
already lower at two years of age, and further decreased
progressively. Overall, at all time points cones in the
periphery were more affected than in the central retina.

EPIGENETIC INTERROGATION OF AGE-RELATED
MACULAR DEGENERATION USING GENOME-WIDE
METHYLATION ARRAYS AND EQUIMOLAR DNA
POOLING
1,2

3
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Conclusion: Early S cone loss in the canine retina
corresponds well with related studies in mice and humans.
Furthermore, early L/M cone opsin delocalization also
indicates functional impairments in L/M cones at young
ages. These observations are of high interest with regard to
current gene therapy studies, both in humans and large
animal models.

Purpose: The discovery of genetic variants and
environmental influences conferring risk for age-related
macular degeneration (AMD) have been heralded as major
breakthroughs in the understanding of this blinding disease.
The aim of this study was to investigate the precise
mechanisms, whereby genetic and environmental factors
epigenetically interplay using genome-wide methylation
arrays.
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THE ROLE OF HEPATOCYTE GROWTH FACTOR IN
NEOVASCULAR AGE-RELATED MACULAR
DEGENERATION: IN VITRO STUDY OF ITS EFFECT ON
CHOROIDAL ENDOTHELIAL CELLS

Methods: We performed genome-wide methylation profiling
on 131 neovascular AMD cases and 216 controls using the
Illumina Human Methylation450K Beadarray and equimolar
DNA pooling. DNA was measured by Picogreen and
samples were diluted to a standard concentration then
pooled. To validate the DNA pooling case and control pools
were run in triplicate on the HumHap550 array before being
hybridized onto the HumanMethylation450K beadchip.
Poorly performing beads were dropped and after
normalization for green/red ratio variability, a linear model
was used to test for association. HumanMethylation450K InfI
and InfII beads were analysed separately. Direct bisulfite
sequencing, with the Sequenom EpiTYPER Methylation
platform, was used to confirm significantly associated CpG
sites.

E.A. Stewart, W.M. Amoaku
Division of Ophthalmology and Visual Sciences, University of
Nottingham, Nottingham, UK
Intraocular angiogenesis is associated with a number of
common blinding conditions including neovascular agerelated macular degeneration (nAMD). The growth factor,
vascular endothelial growth factor (VEGF) is reported as
being central in driving choroidal neovascularisation (CNV)
in nAMD. For this reason, contemporary clinical therapies of
nAMD involve targeting VEGF with intravitreal anti-VEGF
drugs e.g. ranibizumab and bevacizumab. However, these
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patient by combining IBD mapping with exome sequencing.
This approach is a powerful tool to establish a molecular
diagnosis in genetic heterogeneous conditions such as most
retinal dystrophies.

Results: In validation of the equimolar DNA pooling the CFH
locus was easily identified, with four SNPs reaching
genome-wide significance. SNP rs1329428 in CFH had an
-11
uncorrected p value of 2.3x10 . SNP rs3750847 tagging the
ARMS2/HTRA1 gene ranked fifth after the CFH SNPs. From
the cleaned HumanMethylation450K data, the top ranked
CpG site had a proportional difference between cases and
controls of 0.213 and 0.198 for the InfI and InfII subsets,
respectively. The second ranked, most differentially
methylated CpG site on the InfI subset, is at a previously
associated AMD locus. We observed strong concordance
between the HumanMethylation450K and EpiTYPER
Methylation platforms.
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ACCUMULATION OF AMYLOID Β IN RETINAS OF
SPONTANEOUS DIABETES MELLITUS OTSUKA LONGEVANS TOKUSHIMA FATTY RATS
1

Conclusion: Using equimolar DNA pooling we have
successfully identified novel CpG sites associate with AMD.
Although replication of each loci in independent cohorts is
required, this work could translate to improved screening,
prevention and therapeutic strategies.

1

COMBINED IDENTITY-BY-DESCENT MAPPING AND
EXOME SEQUENCING IDENTIFIES A NOVEL MERTK
MUTATION IN AUTOSOMAL RECESSIVE RETINITIS
PIGMENTOSA
1

2

Methods: Male Long-Evans Tokushima Otsuka (LETO) and
OLETF rats were used in this study. The Glu was
determined using an Accutrend GCT, and HbA1c was
analyzed by HLC-723GHbV. The mRNA expression levels
were determined by the quantitative real-time RT-PCR
method, and Aβ1-42 levels were determined using the ELISA
method.
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Background and aims: Diabetic retinopathy is one of the
secondary complications of diabetes mellitus. Recently, it
was reported that amyloid β1-42 peptide (Aβ1-42) was
implicated in the development of retinal ganglion cells
apoptosis and diabetic retinopathy. In this study, we
determined the expression of Aβ1-42 in the retina with
diabetes mellitus using the spontaneous diabetes mellitus
Otsuka Long-Evans Tokushima Fatty (OLETF) rats, which
morphological changes in the retinal was similar to those
seen in diabetic patients.
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Purpose: Autosomal recessive retinitis pigmentosa (ARRP)
is a genetically heterogeneous disorder, with 36 disease
genes associated thus far. The goal of this study was to
identify the molecular defect in a consanguineous ARRP
family with one affected individual (parents: first cousins
once removed).

Results: The Aβ1-42 levels in the retinas of 60-week-old
OLETF rats were significantly increased as compared with
that in the retinas of 60-week-old LETO rats used as normal
controls. Furthermore, the gene expression levels causing
Aβ production (amyloid precursor protein, β site APP
cleaving enzyme and presenilin) in the retinas of OLETF rats
were also significantly higher than those in LETO rats. In
addition, a close relationship between Aβ1-42 levels and
plasma blood glucose (Glu) was observed, and the
relationship between Aβ1-42 and the HbA1c was higher than
that between Aβ1-42 and Glu.

Methods: Genomewide identity-by-descent (IBD) mapping
was performed in the patient and three unaffected siblings
using GeneChip Human Mapping 250K Nsp arrays
(Affymetrix). Subsequently, the patient underwent exome
enrichment and sequencing (TruSeq Exome Enrichment Kit,
HiSeq, Illumina), followed by read mapping and variant
calling (CLC Genomics Workbench, CLC bio).

Conclusions: We first found the spontaneous diabetic
model with accumulation of Aβ1-42 in retina and a metabolic
syndrome, and demonstrated the factor causing the
enhancement of Aβ1-42 using the diabetic model OLETF rat.
The result suggested that the accumulation of soluble and
insoluble Aβ1-42 in the retinas may be caused by the high
plasma glucose levels. These findings provide information
significant for the prevention and treatment of retinopathy in
diabetic patient.

Results: IBD mapping in the patient revealed 5 regions
larger than 10Mb. However, 4 of these were also
homozygous in healthy siblings, thus leaving a 37.6Mb
region on chr2 as the best candidate. This region contained
836 substitutions and 24 deletions/insertions with a coverage
and a variant allele frequency equal to or above 10x and
75%, respectively. After candidate gene analysis of RetNet
genes, the following novel homozygous missense mutation
was identified in MERTK: c.2180G>A (p.Arg727Gln). This
mutation affects a highly conserved nucleotide and amino
acid, is located in the active site of the tyrosine protein
kinase domain, and is predicted to abolish protein function
by both SIFT and PolyPhen. Moreover, Arg727 is involved in
a hydrogen-bond with the hydroxyl group of the ligand C-52
(Huang et al., 2009, J Struct Biol). In addition, the mutation
segregated with disease in the family. Notably, the age-ofonset (12 years), photophobia, and macular alterations
observed in the patient are in agreement with previously
reported MERTK-associated phenotypes.
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UPREGULATION OF P-C-JUN AND P-JNK ASSOCIATED
WITH NEURONAL CELL DEATH IN RAT AND HUMAN
DIABETIC RETINAS
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Conclusions: In this study, we identified the causal genetic
defect in a consanguineous family with a single ARRP
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Purpose: To examine whether the expressions of
phosphorylated c-Jun (p-c-Jun) and phosphorylated c-Jun Nterminal kinase (p-JNK) are significantly associated with
neuronal cell death in rat and human diabetic retinas.

FluoroBlok™ insert, respectively. In addition, rat pups were
subjected to OIR treatment and administered two doses of
Inca-6 intravitrealy at days 0 and 3 post-exposure. The effect
of the drug was then determined by measurement of
neovascular area in flat-mounted retinas.

Methods: Retinas isolated from six adult male SpragueDawley rats and six streptozotocin (STZ)-induced diabetic
rats (DM) were cultured in serum-free medium. The explants
from non-diabetic controls were cultured in 7.5 mM normalglucose (NG) or 45 mM high-glucose (HG) medium. For
osmotic control, 7.5 mM glucose with 37.5 mM D-mannitol
(NG+M) solution was used. After 7 days in culture, the
explants were fixed, cryosectioned, and stained by TUNEL,
and also immunostained for p-c-Jun and p-JNK. Sections
were co-stained with DAPI. Furthermore, retinal cryosections
from five pairs of normal and five pairs of diabetic human
eyes were immunostained for p-JNK and p-c-Jun followed by
co-staining with DAPI and Fluoro-Jade B (FJB), a marker of
degenerated neurons. The number of p-JNK and p-c-Jun
positive cells co-stained with FJB were counted in the
ganglion cell layer (GCL) together wit the total number of
DAPI positive cells.

Müller cells treated with Inca-6 (10uM) showed a decrease in
hypoxia induced VEGF production (p≤0.0028). In addition,
Inca-6 treatment of endothelial cells (10uM) showed
significant inhibition of both VEGF-induced proliferation and
migration (p≤3.44E-08, p≤3.02E-06). In vivo, Inca-6
treatment (5uM injected) reduced pathological blood vessel
growth in OIR by 50.4% (p≤0.0282).
Our in vitro findings indicate that NFAT activity influences
both Müller cell VEGF production and the endothelial cell
response to VEGF. Combined with in vivo evidence that
NFAT inhibition is efficacious in the OIR model, these
findings suggest NFAT may be a valuable therapeutic target
for the treatment of neovascular eye disease.
COI/Financial
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Results: The numbers of TUNEL-positive cells in the GCL
were significantly higher in the HG and in the DM groups
than in the NG and in the NG+M groups (ANOVA; P< 0.05).
The numbers of p-c-Jun- and p-JNK-immunopositive cells
were significantly higher in the HG and the DM groups than
in the NG and the NG+M groups (ANOVA; P< 0.05). FJB
positive cells in the GCL of human diabetic retinas were
significantly increased compared to those of non-diabetic
retinas (Mann-Whitney test; P< 0.05). The GCL of diabetic
retinas, compared to those of the non-diabetic retinas,
showed increased number of p-JNK and p-c-Jun positive
cells that co-existed with FJB positive signals.

EY07533,

M. Rayborn, V. Bonilha, B. Bell, M. Marino, G. Pauer, C.
Beight, E. Traboulsi, S. Hagstrom, J. Hollyfield
Ophthalmic Research, Cole Eye Institute/Cleveland Clinic,
Cleveland, OH, USA
Histopathology of the retina from a patient with autosomal
dominant retinitis pigmentosa (adRP) caused by a Pro23His
rhodopsin mutation was analyzed. Donor eyes were from a
72 year-old male. The cause of death was stroke secondary
to subdural hematoma. The eyes were received 17.5 hours
postmortem and fixed in 4% paraformaldehyde and 0.5%
glutaraldehyde. Control eyes were three age-matched
normal eyes. Macroscopic, SLO and OCT imaging were
used for viewing globes. Electron microscopy and
immunocytochemistry was done on the macula and
peripheral regions. DNA from blood and buccal samples of
the donor, his affected daughter and son were taken. Direct
genomic sequencing of the entire rhodopsin coding region
and flanking intronic sequences was performed. The DNA
analysis showed a rhodopsin Pro23His mutation. The
imaging techniques showed heavy bone spicules in
peripheral regions. The optic nerve area revealed RPE
atrophy as the choroidal vasculature was visible. OCT
clearly identified the fovea and optic nerve. A highly
degenerate retina with minimal stratified nuclear layers in all
peripheral regions was evident in the histology. But a distinct
outer nuclear layer was seen in the perifovea. The RPE went
from normal thickness in the macula to thin or absent in the
far periphery. The bone spicule pigmentation was present
throughout the degenerate retina in the periphery, usually
associated with blood vessels. In the macula, cones were
labeled with opsin and arrestin antibodies, but in the
periphery, labeling was absent. No cone synapses and outer
segments were seen. A few rhodopsin labeled rods, highly
disorganized, appeared in both the macula and periphery. A
random labeling of calbindin second order neurons was
found in the periphery.

P187
NFAT FAMILY TRANSCRIPTION FACTORS ARE A
POTENTIAL THERAPEUTIC TARGET FOR THE
TREATMENT OF PATHOLOGICAL RETINAL
ANGIOGENESIS
1

by:

HISTOPATHOLOGY OF THE RETINA FROM AN
AUTOSOMAL DOMINANT RETINITIS PIGMENTOSA
PATIENT WITH THE PRO23HIS RHODOPSIN MUTATION
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Conclusions: Upregulation of p-c-Jun and p-JNK are
associated with neuronal cell death in rat and human
diabetic retinas.

1

disclosure:

2
2

Cell & Developmental Biology, Department of
Opthalmology and Visual Science, Vanderbilt University
School of Medicine, Nashville, TN, USA

The nuclear factor of activated T-cells (NFAT) family of
transcription factors consists of five proteins, four of which
2+
are tightly regulated by Ca through the serine phosphatase
calcineurin. NFAT activity is associated with the
phosphorylation status of a conserved regulatory domain,
which is dephosphorylated by calcineurin leading to nuclear
translocation of NFAT and increased affinity for its target
DNA sites. Preliminary experiments led us to investigate the
role of NFAT activity in: VEGF production by retinal Müller
cells, the response of retinal microvascular endothelial cells
(RMECs) to increased VEGF, and the efficacy of an NFAT
antagonist in rat models of oxygen-induced retinopathy
(OIR).
Primary human Müller cells were treated with the small
molecule NFAT inhibitor, Inca-6, under both hypoxic and
normoxic conditions, and VEGF production was assessed by
ELISA. Human RMECs were also treated with Inca-6 in the
presence of VEGF (50ng/ml) and were assayed for
proliferation and migration, using BRDU labeling and a

This work was supported by The Foundation Fighting
Blindness, Research to Prevent Blindness, Wolf Family
Foundation and National Eye Institute.
COI/Financial disclosure: Nothing to disclose

249

P189

astrocytic cell nuclei in retinal flatmounts. The cytosceleton
of astrocytes was co-stained for Gfap to compare it to the
nuclear Pdgfra signal. An ImageJ macro was developed to
objectively determine the astrocytic cell density across the
retina at different points of time from P1 to P21.

SUBRETINAL TRANSPLANTATION OF PRE-COMMITTED
BONE MARROW-DERIVED STEM CELLS IN THE
SODIUM IODATE MODEL OF RETINAL DEGENERATION

Results: The nuclear Pdgfra signal of the retinal astrocytes
is consistently surrounded by a Gfap signal confirming
astrocytic speficity of our GFP reporter signal. This enables
quantitative analysis of astrocytic cell number and density.
Astrocytes immigrate the retina by the optic nerve and
spread in a wave of high cellular density towards the
periphery. The highest density (2800 cells/mm²) is reached
around P2 in the region close to the optic nerve head. Along
with the astrocytic spread across the retina, the astrocytic
density around the optic nerve declines in parallel with the
cell densities in midperipheral and outer peripheral retinal
regions. From P8 to P21 a continued convergence of
astrocytic density across the flatmount can be seen with loss
of the centrifugal gradient resulting in an equal distribution of
about 800cells/mm² throughout all retinal regions.

V. Enzmann, S. Lecaudé, U. Wolf-Schnurrbusch, S. Wolf
Ophthalmology, University of Bern, Bern, Switzerland
Background and aims: To study integration, differentiation
and potential to rescue vision of pre-committed bone
marrow-derived stem cells (BMSC) after transplantation into
the subretinal space of mice with sodium iodate (NaIO3)
induced retina degeneration.
+

Methods: BMSC were prepared from GFP mice using
paramagnetic beads for lineage depletion as well as for
CD45 selection. The different BMSC populations (CD45 /
+
CD45 ) were then co-cultured on fibroblast feeder layers
complemented with RPE-conditioned medium for 10 days.
Pre-differentiation was visualized by immunohistochemistry
(IHC) for lineage-specific markers (RPE65, GFAP, MAP-2,
βIII tubulin). Adult C57BL/6 mice were systemically treated
with 15 mg/ kg NaIO3 to induce retina degeneration. After
+
FACS separation, pre-committed GFP BMSC (approx.
60'000 cells) were transplanted subretinally seven days later.
Optical coherence tomography was used to follow the fate of
the transplants. Visual acuity was quantified by optokinetic
reflex (OKR) measurements before and at different time
points after transplantation. Morphometry in the outer
nuclear layer and IHC for lineage-specific markers were
performed on paraffin sections at the latest time point.

Conclusions: Mice expressing GFP in astrocytic cell nuclei
are useful for reliably quantifying the distribution of
astrocytes during retinal development or angiogenesis. Our
results give a more detailed view of the immigration and
distribution of astrocytes during the postnatal retinal
development compared to the results obtained with Gfap
staining.
COI/Financial disclosure: Nothing to disclose
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Results: Cocultured BMSC were positive for RPE65
indicating pre-differentiation towards the RPE lineage. OKR
measurements showed improved but not significantly higher
visual acuity after transplantation of CD45 BMSC compared
to the contralateral eye at the final time point. Additionally,
+
the CD45 group performed generally better than the CD45
group. Morphometric measurements showed no significant
differences between the transplantation area and the level of
the optic nerve head. IHC revealed expression of RPE65 by
transplanted CD45 BMSC in the subretinal space.

HIGHLY ENRICHED PRIMARY CULTURES OF CHICKEN
RETINAL HORIZONTAL CELLS EXPRESS THE
PHOTOPIGMENT MELANOPSIN X
M.E. Guido, L.P. Morera, N.M. Diaz
Biological Chemistry-CIQUIBIC, Facultad Cs. Químicas,
Universidad Nacional de Cordoba, CONICET, Cordoba,
Argentina
Background and aims: Retinal ganglion cells (RGCs)
expressing the photopigment melanopsin (Opn4) display
intrinsic photosensitivity. In the chicken retina, two Opn4
genes, the Xenopus (Opn4x) and the mammalian (Opn4m)
orthologs were described. Opn4m was shown to be
restricted exclusively to the GC layer whereas Opn4x was
limited to the forming GC layer and optic nerve at embryo
day 8 (E8), but by E15 its expression was mostly in Prox1
(+) horizontal cells (HCs) (Verra et al., 2011). To further
investigate this, the aim in this work was to purify HCs from
the chicken retina to obtain primary cultures highly enriched
in these cells for further characterization.

Conclusions: Pre-differentiated BMSC integrate into the
retinal structure and express RPE marker after
transplantation into the damaged subretinal space. The
procedure led to improvement of visual function in individual
cases but not in the general population. Thereby, these cells
might represent a new source for regeneration therapy in
retinal degenerative diseases.
COI/Financial disclosure: SNF 310000-119894; Velux
Stiftung
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Methods: Disaggregated chicken embryonic retinas at E15
were subjected to a discontinuous bovine serum albumin
(BSA) gradient of 1 to 4% concentrations. After
centrifugation, cells collected from the different phases were
cultured for 4 days and characterized by immunochemistry
and cell morphology. Phases were examined with specific
antibodies against Opn4x, HC markers (PROX-1, Islet-1,
calretinin) and markers for other retinal cell populations.

BEHAVIOR OF ASTROCYTES IN THE MURINE RETINA
DURING PHYSIOLOGIC DEVELOPMENT
F. Bucher, A. Stahl, G. Martin, H. Agostini
Universitäts-Augenklinik Freiburg, Freiburg im Breisgau,
Germany
Background and purpose: Astrocytes play an important
role in retinal angiogenesis. The commonly used Gfaplabeling of astrocytes, however, prohibits quantitative
analysis of astrocytic behavior. We therefore analyzed
transgenic mice expressing GFP in astrocytic cell nuclei to
quantitatively examine the kinetics of astrocytes during
physiologic development.

Results: The results show that only the fraction
corresponding to 2.5% BSA contained most cells displaying
PROX-1 and Islet-1 positive immunoreactivities with a typical
HC morphology. Based on an accurate morphological
analysis, a number of cells in this fraction resembled H1and H3-type HCs (axon-bearing “brush-shaped” and axonless “candelabrum-shaped” HCs respectively). Strikingly,
Opn4x-immunoreactivity was observed in cultures from both
the 2.5 and 3 % BSA gradient phases. It is noteworthy that

Method: Mice expressing histone-bound GFP under the
control of the Pdgfra promoter were used to identify
250

the 3% phase contains cells that express the neuronal
filament of 200 KDa (NF200) and display longer processes
that morphologically resemble RGCs.

Zhongshan Ophthalmic Center, Sun Yat-sen University,
Guangzhou, China
Sterile alpha motif domain containing 11(SAMD11) is
evolutionarily conserved from zebrafish through human.
Mouse Samd11, also known as mr-s, is predominantly
expressed in developing retinal photoreceptors and adult
pineal gland and may function as a transcriptional repressor.
To date, there is no functional research on human SAMD11.
In the process of cloning human SAMD11 full coding regions
from retina and Y79 cells, we identify up to 45 novel
alternative splice(AS) variants of SAMD11 including 4 noncanonical junctions (“CC-CC”, “CT-AG”, “GA-AG” and “GTGC”). Most of clones are ASV5 (20 out of 115) and ASV6
(26 out of 115), not the constitutive sequence (7 out of 115).
ASV5 undergoes AS events of E7c (139-186, E7) skipping
and I6b (143-145, I6) retention; ASV6 yields to I6b retention.
Analysis of 98 ESTs relate to human SAMD11 not only
shows the wide expression of SAMD11 in different tissues,
but also validates and enriches our SAMD11 AS events. 96
ESTs relate to mouse Samd11 indicate the existence of AS
variants in mouse and the conservation of SAMD11 AS
variants between human and mouse. Expression analysis by
real-time PCR shows high expression of SAMD11 in 3 ocular
cell lines (Y79, RPE, HCE) and 293T cells and relatively low
expression in HREC, HL-60 and SHI-1 cell lines. RT-PCR
shows that the expression pattern of SAMD11 AS variants is
similar in Y79 and 293T cells, while distinguish in other cells.
The identification and expression analysis of its AS variants
can be important to clarify the function of SAMD11 gene in
different pathways and cellular processes.

Conclusions: In conclusion, by mean of this method we
selectively separated specific retinal cell types and obtained
primary cultures highly enriched in HCs that express the
non-visual opsin Opn4x.
COI/Financial disclosure: Supported by ANPCyT-FONCyT
PICT Bicentenario 2010 Nr. 647, CONICET, SeCyT-UNC,
and MinCyT of Córdoba.
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THE P2X4 RECEPTOR IS EXPRESSED ON NEURONS
AND MICROGLIA IN THE MOUSE RETINA AND IS
UPREGULATED IN RETINAL DEGENERATION
T. Ho, K.A. Vessey, A.I. Jobling, E.L. Fletcher
Department of Anatomy and Neuroscience, University of
Melbourne, Parkville, VIC, Australia
Background and aims: ATP is a neurotransmitter that
exerts its effects on a family of purinergic receptors.
Recently, the purinergic system has been implicated in the
mechanisms underlying retinal degeneration (RD). The
purine receptor, P2X4 is expressed in the retina, but the
retinal location and potential role of the receptor in RD
remains unclear. The goal of this study was to characterise
P2X4 receptor expression in the healthy mouse retina and
determine if alterations in receptor levels are associated with
RD.

COI/Financial disclosure: Nothing to disclose
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Methods: Retinal tissues from control, C57Bl6 mice, and rd1
mice (n=8-16 each) were collected at P14, P90 and 9
months. Immunohistochemistry was used to identify the
location of the P2X4 receptor in the control mouse retina,
and to determine whether there were qualitative alterations
in cellular expression in the rd1 mouse retina. RT-PCR was
used to quantify changes in P2X4-R mRNA expression in
the retina of control and rd1 mice.

EVALUATION OF RETINAL STEM CELLS ADHESION,
GROWTH, VIABILITY AND PROTEINS EXPRESSIONS
ON CHITOSAN SURFACE
1

1
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1
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Results: P2X4 receptors were expressed as distinct puncta
within the outer and inner plexiform layers, and on microglia
in the control mouse retina, suggesting the involvement of
the receptor in synaptic function and immuno-surveillance. In
the rd1 retina, P2X4 receptor mRNA expression was
upregulated at P14, during the critical phase of rod death. At
the same time, microglia, immuno-positive for the P2X4
receptor, were present in the outer nuclear layer of the rd1
retina. In contrast, P2X4-positive microglia were absent from
the outer nuclear layer of the control retina.

IOBA-Eye Institute, University of Valladolid, CIBER-BBN,
2
Valladolid, Instituto de Nanociencia de Aragon (INA),
Universidad de Zaragoza, Zaragoza, Spain
Retinal Stem Cells (RSCs) located at ciliary body are
promising in transplantation strategies for treating retinal
diseases including Age-Related Macular Degeneration
(AMD) due to their ability to differentiate into different retinal
cell types. But cell transplantation techniques need an
appropriate support that can carry cells in vivo as well as
maintain cellular viability and characteristics. A FDA
approved biomaterial, Chitosan, is used routinely in clinic
and surgery. The aim of this study is to evaluate that
chitosan membranes (ChM) maintain the viability, growth as
well as characteristics of RSCs to determine its future
application in RSCs based therapy. ChM films of 10 µmthickness were prepared by solution casting and treated in
vacuum oven, inserted in 8 well slides and sterilized by
exposure to UV. Subsequently RSCs were grown on these
films and polystyrene as a control for 8 hours, 1, 4 and 11
days and were analyzed for cell adhesion, growth and
viability using a viability/cytotoxicity assay kit. Cells were
also immunostained at 11 days for detecting PAX-6,
panCytokeratin, Nestin and Alpha-SMA proteins expressions
as well as with a nuclear stain, DAPI. It was found that only
28% RSCs were adhered at 8 hours, the growth was
significantly less at 1 and 4 days on ChM than that observed
on polystyrene. However, RSCs maintained their viability
over 95% and similar expression of studied proteins on both
surfaces. Alpha-SMA, a marker of trans-differentiation, was
not detected in RSCs grown on both surfaces. Vacuum oven
treated ChM support less RSCs adherence and growth than

Conclusions: The P2X4 receptor may be involved in
synaptic function and immuno-surveillance in the healthy
retina. However, in RD, P2X4 receptor expression is
upregulated and associated with activated microglia in the
outer retina. This suggests a role for the P2X4 receptor in
the mechanisms underlying or associated with photoreceptor
death.
Support: NHMRC1021042
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IDENTIFICATION AND EXPRESSION ANALYSIS OF
NOVEL ALTERNATIVE SPLICE VARIANTS OF SAMD11
G. Jin, Y. Zhu, Q. Zhang, H. Shen
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polystyrene; however, both of them maintain similar viability
and proteins expressions. This study may support the use of
ChM for developing RSCs based therapy for retinal
diseases. The work was supported by grants from ISCIIIMICINN-FEDER plan I+D+I 2008-2011 (PS09/00938),
JCyL(JCYL BIO/39/VA26/10) for projects, and AECID for
scholarship.

Hemochromatosis is a genetic disease caused by mutations
in iron-regulatory proteins HFE, hemojuvelin, hepcidin,
ferroportin, and transferrin receptor 2. This disease is
associated with iron overload in most systemic organs.
Studies from our laboratory have shown that the iron
overload in this disease also occurs in retina, resulting in
oxidative damage, retinal degeneration, and RPE cell
hyperproliferation. Hemojuvelin regulates the expression of
the iron-regulatory hormone hepcidin not only in liver but
also in retina, and this regulation is mediated by signaling
through bone morphogenic proteins, particularly BMP6.
Hemojuvelin is expressed in all retinal cell types.
Hemojuvelin-knockout mice show significant retinal
degeneration. Here we show that hemojuvelin-knockout
mice also have vascular abnormalities characterized by
endothelial cell hyperproliferation and neovascularization.
Interestingly, even though hemojuvelin-null RPE cells have
decreased hepcidin expression as expected, BMP signaling
through phosphorylation of Smads is actually increased,
suggesting an increase in BMP signaling. The biological role
of hemojuvelin is modulated by TMPRSS6, an ectoprotease,
which decreases the levels of membrane-bound hemojuvelin
and increases soluble hemojuvelin. Since the membranebound hemojuvelin is obligatory to facilitate BMP signaling,
TMPRSS6-knockout mice show evidence of increased BMP
signaling and hence increased hepcidin expression. While
this process has already been documented in liver, we show
here that this protease is expressed also in retina and serves
a similar role in the processing of membrane-bound
hemojuvelin and consequently in the control of BMP
signaling and hepcidin expression. The retinas from
TMPRSS6-knockout mice have increased expression of
hepcidin and, as a consequence, iron deficiency. This is
associated with increased BMP signaling, evidenced from
increased phosphorylation of Smads. Taken collectively,
these findings demonstrate that hemojuvelin plays an
important role in retina not only in RPE cells, Muller cells,
and retinal neuronal cells but also in endothelial cells of
retinal vasculature.

COI/Financial disclosure: The work was supported by
grants from ISCIII-MICINN-FEDER plan I+D+I 2008-2011
(PS09/00938), JCyL (JCYL BIO/39/VA26/10) for projects,
and AECID for scholarship.
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ROLE OF ADENOSINE A2AR MODULATION IN THE
CONTROL OF MICROGLIA-MEDIATED RETINAL
NEUROINFLAMMATION
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Portugal
Glaucoma is a multifactorial optic neuropathy characterized
by the loss of retinal ganglion cells (RGCs). The
degeneration of RGCs in glaucoma is accompanied by a
neuroinflammatory response, involving both retinal glia. In
particular, microglial cells release pro-inflammatory
mediators, such as TNF-α and NO. Adenosine is a
neuromodulator in CNS involved, among others, in
inflammatory responses and neuroprotection. Increasing
evidence has demonstrated that blocking adenosine A2A
receptor (A2AR) may prevent neurodegeneration by
modulating the release of noxious factors by activated
microglia. Since in the retina microglial cells are located in
the ganglion cell layer and express A2AR, the aim of this
work was to evaluate the effect of A2AR blockade in retinal
microglial reactivity induced by an inflammatory stimulus.
Purified retinal microglial cell cultures were pretreated with
30 nM CGS21680 (A2AR agonist) or 50 nM SCH58261
(A2AR antagonist), and challenged for 24h with LPS (1
µg/ml) to mimic an inflammatory stimulus. Activation of
A2AR potentiated the production of NO induced by LPS,
while A2AR blockade prevented LPS-induced NO increase.
Moreover, A2AR blockade inhibited the LPS-induced
increase in TNF-α immunoreactivity. Cells were incubated
with fluorescent beads, and we found that pretreatment with
SCH58261 decreased the percentage of microglial cells
incorporating beads, as compared to LPS condition,
suggesting that blockade of A2AR can prevent the increase
in the phagocytic activity induced by LPS. Our results
demonstrate that the blockade of A2AR reduces retinal
microglial reactivity induced by a pro-inflammatory stimulus,
suggesting that the modulation of A2AR activity can control
microglial cell reactivity. Taking into account the role of
microglial cells in neuroinflammation, these data open the
possibility for the use of A2AR antagonists in retinal
degenerative diseases involving inflammation, as is the case
of glaucoma.
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NEUROPEPTIDE Y PROTECTS AGAINST RETINAL
GANGLION CELL DEATH INDUCED BY NMDA
EXCITOTOXICITY
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Neuropeptide Y (NPY) exerts neuroprotective effects in
central nervous system, including the retina. The apoptosis
of retinal ganglion cells (RGCs) is a hallmark of several
retinal degenerative diseases, with particular emphasis to
glaucoma. Therefore, neuroprotective strategies targeting
RGCs have been increasingly investigated.
The aims of this work were to identify the NPY receptors
expressed in RGCs, and to evaluate the potential protective
effect of NPY and NPY receptor agonists against
excitotoxicity-induced RGC death.

MODULATION OF BMP SIGNALING IN RETINA BY THE
IRON-REGULATORY PROTEIN HEMOJUVELIN
2
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NPY mRNA was detected in freshly isolated RGCs from
Long-Evans rat pups (P4-P6), but not from Wistar rat pups.
However, in RGCs isolated from young adult animals (8-11
weeks) NPY mRNA was detected in both rat strains. All NPY

J.P. Gnanaprakasam , R. Bozard , A. Tawfik , S.B. Smith ,
1
V. Ganapathy
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receptors were expressed in RGCs from pups and young
adults from both rat strains. By immunofluorescence, we
also found that RGCs (Brn3a-positive cells) express NPY
and NPY receptors.

by NMDA (1.17±0.06). In cultures treated with A3R agonist
and antagonist and exposed to NMDA, the PI-positive cells
ratio was not significantly different from NMDA condition.
Our results demonstrate that A3R activation is
neuroprotective against retinal cell death. These results
suggest that the targeting of A3R in RGCs may have great
potential against RGC death, in diseases like glaucoma.

The protective effect of NPY against RGC death was
assessed in cultured retinal explants using propidium iodide
(PI) assay. Upon exposure to 300 µM NMDA for 48h, PIpositive cells ratio (DIV4/DIV2) increased to 3.50±0.23, while
in untreated retinas PI-positive cells ratio value was
1.31±0.10. Pre-treatment with 1 µM NPY significantly
decreased PI-positive cells ratio to 1.38±0.18. Treatment
with Y1 and Y5 receptor antagonists abolished the protective
effect of NPY. Pre-treatment with Y1, Y2, and Y5 receptor
agonists (1 µM, 300 nM, and 1 µM, respectively) also
inhibited the toxic effect of NMDA, decreasing the PI-positive
cells ratio to values similar to control.

Support:
FCT
Strategic
C/SAU/UI3282/2011), Portugal.

PPAR-Β/Δ ANTAGONISM INHIBITS ANGIOGENIC
BEHAVIOR IN RETINAL ENDOTHELIAL CELLS AND
NEOVASCULARIZATION IN A RAT MODEL OF OIR
M.E. Capozzi, G.W. McCollum, J.M. Barnett, J.S. Penn
Vanderbilt Eye Institute, Vanderbilt University School of
Medicine, Nashville, TN, USA
Background and aims: Peroxisome proliferator-activated
receptor β/δ (PPAR-β/δ) is a member of the PPAR nuclear
receptor superfamily of transcription factors activated by
naturally occurring fatty acids and prostaglandins. PPAR-β/δ
activation has been shown to stimulate proliferation in some
cell types, and may be involved in VEGF-induced
angiogenesis.
Therefore,
we
hypothesized
that
pharmacologic manipulation of PPAR-β/δ might result in
inhibition of retinal microvascular endothelial cell (RMEC)
proliferation and neovascularization (NV) in a rat model of
oxygen-induced retinopathy (OIR).

COI/Financial disclosure: Nothing to disclose
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In conclusion, RGCs express NPY and NPY receptors Y1,
Y2, Y4, and Y5. NPY exerted a neuroprotective effect
against RGC death triggered by NMDA, possibly involving
Y1 and Y5 receptor activation. Therefore, NPY system can
be envisaged as a potential therapeutic target in retinal
diseases.

A.R. Santiago

Project

Methods: RMEC were exposed to hypoxia or serum in
combination with PPAR-β/δ agonist GW0742 or antagonist
GSK0660, and PPAR-β/δ or ADRP expression was
analyzed. RMEC angiogenic behavior was assayed for
proliferation and tubulogenesis in the presence of GW0742
or GSK0660. The rat OIR model was used to determine
retinal PPAR expression by immunoblotting. Local and
systemic administration of GW0742 and GSK0660 were
used to determine the effect of PPAR-β/δ activation status
on retinal NV.
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Glaucoma is a degenerative optic neuropathy, characterized
by retinal ganglion cell (RGC) death. Current treatments are
limited to lowering intraocular pressure (IOP), but a
significant number of patients continue to lose vision despite
successful IOP control. Therefore, novel strategies to save
RGCs and prevent vision loss are valuable.

Results: Hypoxia exposure increased PPAR-β/δ expression
starting at 2 hours and lasting through 24 hours. GW0742
increased and GSK0660 decreased RMEC ADRP
expression 24.2% (p=0.0426) and 38.7% (p=0.0008),
respectively. GW0742 did not affect serum-induced
proliferation, but increased tubulogenesis 118% (p< 0.0001),
while GSK0660 decreased both proliferation (39%;
p=0.0034) and tubulogenesis (40%; p=0.0039) at the highest
concentration (1.0µM). PPAR-β/δ protein increased 12-fold
in
oxygen-exposed
retinas.
Intraocular
GW0742
administration increased NV by 52% (p=0.044) and
GSK0660 inhibited NV by 45% (p=0.015) at the highest
concentration (500nM). GW0742 administration by oral
gavage increased NV by 190% (p=0.024; 10mg/kg) and
intraperitoneal injection of GSK0660 reduced NV by 67%
(p=0.0003; 1mg/kg).

Adenosine is a neuromodulator in CNS. The modulation of
adenosine receptors (AR) activity has been shown to protect
against a broad spectrum of brain insults. In this work, we
investigated whether A3R activation prevents RGC death
induced by excitotoxicity.
In mixed retinal cultures, exposure to kainate plus
cyclothiazide (KA+CTZ) for 24h significantly increased
TUNEL-positive cells as compared to controls. When the
cells were pre-incubated with Cl-IB-MECA (1 µM), a
selective A3R agonist, and then exposed to KA+CTZ, the
number of TUNEL-positive cells was similar to control. When
the cells were pre-incubated with Cl-IB-MECA and MRS1191
(1 µM), a selective A3R antagonist, or with MRS1191 alone,
and exposed to KA+CTZ, the number of TUNEL-positive
cells were not significantly different from KA+CTZ condition.
By immunohistochemistry, we observed that RGCs express
A3R. The potential neuroprotective effect of A3R activation
was also evaluated in cultured retinal explants using
propidium iodide (PI) assay. In control cultures, the ratio of
PI-positive cells (DIV4/DIV2) was 1.31±0.10. Exposure to
NMDA (300 µM) for 48h, significantly increased PI-positive
cells ratio to 3.50±0.23. Pre-treatment with Cl-IB-MECA (1
µM) prevented the increase in PI-positive cells ratio induced

Conclusions: Inhibition of PPAR-β/δ in RMEC significantly
reduces proliferation and tubulogenesis. PPAR-β/δ agonism
results in more severe NV, while antagonism inhibits NV.
Therefore, our data suggest that PPAR-β/δ may provide a
rational target for therapeutic intervention in pathologic
ocular angiogenesis.
COI/Financial disclosure: 5R01EY007533-25
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PLASMA PROTEOME ANALYSIS ON CYNOMOLGUS
MONKEY PEDIGREES WITH EARLY-ONSET DRUSEN
FORMATION
1,2

1

1

genetic mutations (rd10 mice and RCS rats). Here, we
analyze the effect of Tf on a model of light-induced
photoreceptors degeneration.

2

H. Kobayashi , H. Okamoto , Z.-L. Chi , A. Murakami , T.
1
Iwata

Retinal degeneration was induced in 6-week-old Wistar rats
by white light (10, 000 lux) for 12 hours, followed by one
week of cyclic light. To test the effects of Tf, apo human Tf
(hTf) was intravitreally injected at 4 concentrations into
anesthetized rats prior to illumination. Before sacrifices of
animals, in vivo exploration were done by Optical Coherence
Tomography (OCT). Then eyes were fixed and sections of
their retinas were analyzed to measure outer nuclear layer
thickness. Levels of hTf were evaluated by ELISA in retina,
sclera/choroid/RPE complex, vitreous, aqueous humor and
plasma, 6, 24 hours and 7 days after injection.

1

National Institute of Sensory Organs, National Hospital
2
Organization Tokyo Medical Center, Department of
Ophthalmology, Juntendo University, Tokyo, Japan
Background and aims: Previously, we reported an earlyonset macular degeneration with drusen in cynomolgus
monkey pedigrees (Umeda, et al., IOVS, FASEB J, 2005).
These monkey show similar fundus findings of early stage of
age-related maculopathy (ARM) at 2 years after birth. To
elucidate mechanism of drusen formation and to find disease
biomarkers for early stage of ARM, we performed plasma
proteome analysis.

The level of hTf in retina and eye cup is high at 6 hours,
decreases at 24 hours and disappeares 7 days after
injection. In vitreous and aqueous humor, hTf increases
between 6 and 24 hours, and is absent at 7 days.
Intravitreally injected hTf is found in plasma at all stages
studied. hTf protects the retina (especially photoreceptors)
against the deleterious effects of light. Preservation of
photoreceptors layer thickness is proportional to the amount
of hTf delivered. These results are confirmed by OCT.

Methods: Plasma samples were collected from four affected
and normal monkeys within the same pedigree. To decrease
dynamic range of the protein concentration or to detect low
molecular weight proteins efficiently, plasma samples were
treated with two different methods, the ProteoMiner (PM,
BIO-RAD) or Gelfree8100 (Protein Discovery). Samples
treated with PM were separated by SDS-PAGE (12.5%
acrylamide gel) and approximately 35 horizontal gel slices
were excised by molecular weight less than 50 kDa. All
samples were digested by trypsin (Sequence Grade
Modified Trypsin, Promega). Tryptic peptides were then
analyzed by liquid chromatography tandem mass
spectrometry (LC-MS/MS, LCQ DECA XP plus, Thermo
Fisher Scientific). Proteome Discoverer (ver.1.3, Thermo
Fisher Scientific) was used to perform database batch
search. The identified proteins were listed using database
search criteria with an estimated false discovery rate (FDR)
of less than 5 %. Semi-quantitative analysis with spectral
count (SpC) was also performed.

hTf injected into the eye has a potent protective effect on
photoreceptors degeneration induced by intense light. This
result could be due to the iron chelating effect of Tf.
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INHIBITION OF CHOROIDAL NEOVASCULARIZATION
AND INCREASED RETINAL VASCULAR PERMEABILITY
WITH APE1/REF-1 REDOX INHIBITOR APX3330 IN
VITRO AND IN VIVO

Results: Successful enrichment of the minor plasma
proteins by PM, and fractionation by Gelfree8100 were
confirmed by SDS-PAGE respectively. Total of 245 proteins
were identified from eight samples. We selected some
proteins rank at top in the list of analysis with SpC as
candidate proteins.

1

1

2

Ophthalmology, Henry Ford Health System, Detroit, MI,
Pediatric Research, Indiana University School of Medicine,
Indianapolis, IN, USA
2

Purpose: This study is to examine the effect of APE1/Ref-1
redox inhibition by a small molecule inhibitor APX3330 on
choroidal neovascularization (CNV) and determine its effect
on retinal vascular permeability in vitro and in vivo.
Methods: Choroid endothelial cells (CEC, RF/6A) from
rhesus monkey were used for in vitro angiogenic assays of
proliferation, migration, and Matrigel tube formation. Cells
were treated with various dosages of APX3330 in
comparison and in combination with an anti-VEGF antibody
Avastin. Human and murine RVECs were used in an in vitro
permeability assay to FITC-dextran tracers. Laser-induced
CNV mouse model was used to determine the effect of
APX3330 on neovascularization development and on in vivo
retinal vascular permeability. Expression of VEGF and VEcadherin were assessed by ELISA and western blot.
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INTRAVITREAL INJECTION OF TRANSFERRIN
PRESERVES PHOTORECEPTORS FROM LIGHTINDUCED DEGENERATION
1

1

1

Conclusions: Candidate proteins would be potentially
beneficial as biomarkers for human ARM. To study the
correlation between identified proteins and drusen formation,
we are currently analyzing the localization and the function
of these proteins in the retina.

1

1

X. Qiao , Y. Li , T. Zhou , X. Liu , M.R. Kelley , P.A.
1
1
Edwards , H. Gao
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E. Picard , M. Berdugo , M. El Sanharawi , F. Behar1,2
1
1
Cohen , J.-C. Jeanny , Y. Courtois , CRC

Results: APX3330 dose-dependently inhibited the
proliferation, migration, and tube formation of CECs in vitro.
The inhibition effect is comparable and synergistic to
Avastin. A single intravitreal injection of 1 ml 200 mM
APX3330 significantly reduced the size of CNV in
comparison to the vehicle control group in mice (p < 0.01).
Administration of APX3330 can significantly (p < 0.05)
attenuated TNF-α induced increase of both human and
murine RVEC monolayer permeability through Transwell
systems. Immunoblot assay indicated a 14% increase of VEcadherin expression upon APX3330 treatment in the cell
monolayer. However, APX3330 treatment did not directly

1

Centre de Recherche des Cordeliers, UMRS 872 Team 17,
2
INSERM; Université Paris 6 et Paris 5, Ophtalmologie,
Hopital Hotel Dieu, Paris, France
Age-Related Macular Degeneration is associated with iron
accumulation due to defects in its homeostasis metabolism,
similarly to what is observed in several models of retinal
degeneration. We have previously showed that light
exposure induced an early mobilization of proteins regulating
iron metabolism in the retina. Recently, we have showed that
transferrin (Tf), either intraperitoneally injected or genetically
produced, protects photoreceptors against death due to
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1

alter VEGF expression of the cells. A single intravitreal
injection of APX3330 led to a 25% reduction of choroidal
neovascular permeability in laser-induced CNV mice.

Centre for Eye Research Australia, University of Melbourne,
3
Royal Victorian Eye and Ear Hospital, Dept of Medicine,
4
University of Melbourne, Centre for Clinical Neurosciences,
St. Vincent's Hospital, Melbourne, VIC, Australia
2

Conclusions: These results show that blocking of
APRE1/Ref-1 with APX3330 inhibited the growth of choroidal
endothelial cells in vitro, significantly reduced CNV size in
vivo, and also decreased vascular permeability. Inhibiting the
redox function of APE1/Ref-1 may offer a novel approach to
control CNV hyper-vasopermeability related to neovascular
AMD treatment.

Background and aims: Increasing age is a major risk factor
for retinal ganglion cell (RGC) loss in glaucoma and
neuronal loss in Alzheimer's disease. The amyloid precursor
protein (APP) is expressed in the retina and elevated levels
of toxic amyloid beta (Aβ) have recently been shown in
rodent models of glaucoma. Aβ is produced via
amyloidogenic processing (beta-cleavage) of APP however
alternative APP processing via alpha-cleavage not only
prevents Aβ formation but instead produces a neurotrophic
factor soluble APP alpha (sAPPα).
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Methods: We have examined APP and APP cleavage
products in an aging series of human retina and vitreous
humour (n=18) using western immunoblotting. Cell culture
experiments were carried out in human neuronal cells (SHSY5Y) to examine the protective effect of sAPPα against a
mitochondrial complex I toxin rotenone which has been
shown to preferentially target RGCs in rodent models of
optic neuropathy.

RATES OF FALLS AND FEAR OF FALLS (FOF) IN AGERELATED MACULAR DEGENERATION (AMD)
1

2

C.S. Barnes , C.D. Hall , K.A. Schoessow

1

1

Rehab R&D, VA Palo Alto Health Care System, Palo Alto,
2
CA, Audiology (126), James H. Quillen VA Medical Center,
Mountain Home, TN, USA

Results: In retina we observed a decrease in total APP
levels along with an increase in beta-cleavage with aging (p<
0.05). A novel finding was the presence of sAPPα in the
vitreous humour which decreases with age (p< 0.05). We
found that sAPPα was neuroprotective against rotenone
insult in SH-SY5Y cells, (p< 0.001) and this protection was
linked to activation of the PI3K/Akt pathway (p< 0.05).

Background and aims: Approximately 30% of older adults
fall per year, often significantly injuring themselves. Vision
loss is a risk factor for falls, and AMD is a major cause of
vision loss, but there has been little research into falls in
AMD. Self-imposed limitations on activity might reduce falls
in people with vision loss, and fall rates were similar for
Controls and AMD subjects in Popescu et al. (2011).
However, Szabo et al. (2010) reported significantly more
falls for women with AMD. Additional information is needed
to resolve such inconsistencies, especially as falls research
has concentrated on women; hence fall rates for men are
uncertain. Finally, possible effects of AMD on FOF (a known
fall risk factor) are unknown. Therefore, this study measured
rates of falls and FOF in AMD.

Conclusions: We hypothesise that the increased
amyloidogenic processing associated with aging leads to a
corresponding decrease in neuroprotective sAPPα levels
which may make the RGCs more vulnerable to injury. The
role of sAPPα in the vitreous is unknown but may provide a
neuroprotective function exerted at the inner retina.
COI/Financial disclosure: Nothing to disclose

Methods: A telephone survey among randomly selected
individuals with AMD. Measures: the Independent Mobility
Questionnaire (self-rated mobility difficulties), Balance SelfEfficacy scale (self-rated balance confidence), questions on
FOF and fall history in the past year, and monocular visual
acuities (VAs; from clinical records).

P205
EFFECTS OF NEURAL CELLS ON THE EXPRESSION OF
SEMAPHORIN 4A IN COCULTURED RETINAL PIGMENT
EPITHELIAL CELLS

Results: The 19 male and 9 female subjects (ages 70-89)
had VAs from 20/20 to “hand motion”. Over half the women
and nearly half the men reported at least one fall (35.7%
reported >1). 46.4% of participants reported FOF. The
greatest difficulty and lowest confidence was for walking at
night, or down stairs or curbs, or in glare.

J.-A. Ko, M. Shibasaki, T.-I. Chikama, K. Yamane, Y. Kiuchi
Hiroshima University, Hiroshima, Japan
Background and aims: Development of multicellular
organisms requires interactions between cells and their local
environment and between neighboring cells. We recently
established an in vitro model based on the coculture of
human corneal epithelial cells, fibroblasts, or neural cells
separated by a collagen membrane. We have now examined
the role of neural cells in retinal homeostasis, and effects of
neural cell to the RPE.

Conclusions: We found high rates of both falls and FOF in
AMD, in a predominantly male group with a wide range of
VAs. Considering how many people have AMD, and how
injurious falls can be, this is a significant health issue.
Research will proceed with on-site visual and physical
testing (e.g., depth perception and mobility) to examine their
contributions to falls and FOF in AMD.

Methods: Neural cells (PC12) and retinal pigment epithelial
cells (ARPE19) were cultured on opposite sides of a
collagen vitrigel membrane. The expression of semaphorins
in ARPE19 was examined by reverse transcriptionpolymerase chain reaction (RT-PCR) and immunoblot
analyses. And, we assayed the culture supernatants of
ARPE19 incubated alone or together with PC12 cells for 11
different cytokines with the use of a multiplex assay.

Funding: Veterans Affairs RR&D Service.
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AMYLOID PRECURSOR PROTEIN-MEDIATED
NEUROPROTECTION IN AGING RETINA AND VITREOUS
1,2

1,2

Results: The presence of neural cells (PC12) resulted in
upregulation of neural guidance protein, semaphorin
(semaphorin 4A) in ARPE19. Furthermore, the amounts of
inflammatory cytokines, interleukin-6 (IL-6) was decreased
by the presence of neural cells.

1,2

H.S. Waugh , V. Chrysostomou , J.G. Crowston , K.
3,4
1,2,3,4
Cimdins , I.A. Trounce
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OPN is an age-dependent increased aqueous humor factor
in DBA2/J mice, associated with degenerative changes of
the optic nerve and the retina. In this study, we analyzed in
vitro the protective effect of OPN on murine neuronal
precursor cells (RGC5) and human glial cells (ONH
astrocytes) of the CNS after stress induction.Real-time RTPCR analyses were done to determine regulation of OPNreceptors. Confirmation on the protein level was performed
by Western blot and immunofluorescence analyses.
Metabolic cell activity was assessed by CellTiter 96
AQueous MTS Assay. In addition, we investigated the
-/morphological eye phenotype of an OPN-deficient (OPN )
mouse strain in comparison to DBA2/J and C57/Bl6.
Morphological phenotype of the eyes were analyzed by lightand electron microscopy. Real-time RT-PCR results
revealed decreased expression of non-integrin receptor
CD44 and an increased expression of integrin-receptors
Intβ3, -5 and IntαV in RGC5 cells. No regulation was
detectable in astrocytes after 36 and 72 hours. Furthermore,
we described for the first time, the morphological eye
-/phenotype of the OPN mouse compared to DBA2/J and the
pigmented wild-type control C57/Bl6. By modulating the
metabolism of neuronal cells OPN may contribute to wound
healing, neovascularization, neuroprotection and remodeling
of extracellular matrix in the eye. In further studies, we will
investigate the (patho)physiological effect of OPN
-/expression in the DBA2/J//OPN mouse, a new established
inbred strain, to analyze in vivo the loss-of-function effect in
this animal model for neurodegenerative changes in the eye.

Conclusions: These results suggest that some factor(s)
released from neural cells may play an important role in the
regulation of intercellular communication between retinal
pigment epithelial cells as well as in the maintenance of
retina structure and function. In the future, these finding
provide a useful model for understanding cell-cell
interactions that occur between various cell types and the
RPE in retina.
COI/Financial disclosure: Nothing to disclose
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CHARACTERIZATION OF OXYS RATS, THE MODEL FOR
AGE-RELATED MACULAR DEGENERATION
1

1
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O. Kozhevnikova , E. Korbolina , A. Zhdankina , A.
1
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Markovets , A. Fursova , N. Kolosova
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Institute of Cytology and Genetics SB RAS, Novosibirsk,
Siberian State Medical University, Tomsk, Russia

2

Background and aims: AMD is a complex disease that, so
far, is incompletely modeled in animals. It is growing
evidence that senescence-accelerated OXYS rats develop
retinopathy similar human AMD. Here we present data of the
analysis of clinical, histological and molecular manifestations
of retinopathy in OXYS rats and the results of identification
quantitative trait loci (QTLs), which may contribute to the
development of AMD.

COI/Financial disclosure: Nothing to disclose

Results: Clinical signs of retinopathy manifest in OXYS rats
to the age of 3-4 months against the background of
significantly reduced expression level of VEGF and PEDF
genes due to the decline of the amount of retinal pigment
epithelium (RPE) cells and alteration of choroidal
microcirculation. Histological study showed that choroid
vessels, RPE, and radial glia are most vulnerable to injury in
the OXYS rat´s retina. QTL - analysis revealed on
chromosome 1 two loci associated with the retinopathy
development in the regions of markers D1Rat30 and
D1Rat219 (LOD score 4.89), as well as D1Rat219 and
D1Rat81 (LOD score 7.79). To determine the effects of
these QTLs, we generated two congenic strains by
transferring loci from OXYS into WAG (control) background.
Both congenic strains display retinopathy development, thus
we confirmed that genetic loci on the chromosome 1 are
associated with retinopathy in OXYS rats. Because QTLs
have large intervals containing hundreds of genes, we
prioritize candidate genes, using bioinformatics techniques,
such as Endevour, Suspect, to a manageable candidate
genes list. We design own targeted oligonucleotide
microarrays to investigate the expression of these genes.

P208
RESCUE OF PROMININ-1 K.O. MOUSE PHENOTYPE BY
INTRODUCING WILD-TYPE PROMININ-1 USING AAV2/8
VECTOR
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Purpose: Prominin-1 (PROM1, AC133, CD133, PROML1) is
a 5-transmembrane-domain glycoprotein located at plasma
membrane protrusions and expressed in various tissues. To
date, 5 different mutations in human PROM1 are known
causing a variety of retinal degenerative disorders ranging
from macular dystrophy via Stargardt disease, cone-rod
dystrophy and bull's eye maculopathy to retinitis pigmentosa.
Recent results indicate that PROM1 plays a central role in
photoreceptor outer segment disc morphogenesis. The
PROM1 knock-out mouse displays disorganized outer
segment disc structure and retinal degeneration. In this
study we show a rescue of the knock-out phenotype by
delivering wild-type PROM1 to the host photoreceptor cells.

Conclusions: OXYS rats are useful model for study of
pathogenesis and design of new therapeutic targets of AMD.

Methods: Young, post-natal day 15 PROM1 knock-out mice
(AC133-/-) were sub-retinally injected with rAAV5 and
rAAV2/8 vectors containing GFP or PROM1 transcripts
driven by an ubiquitously active chicken beta-actin promoter.

Work supported FASI state contracts N 16.513.11.3107 and
RFBR (project 11-04-00666).
COI/Financial disclosure: Nothing to disclose

Results: We show that rAAV5 and rAAV2/8 have high
photoreceptor targeting specificity and display a strong,
injection-site restricted transgene expression. In few cases,
single Müller-glia cells or second order neurons were
targeted. PROM1 delivery by rAAV2/8 vectors to AC133-/mice resulted in strong expression of PROM1 protein at its
native sub-cellular location, 2 weeks after injection.
Morphological differences between injected and non-injected
eyes first occur 3 weeks after injection. We show a relative
preservation of outer nuclear layer (ONL) thickness and
photoreceptor morphology in treated eyes, in comparison to

P207
IN VITRO EFFECT OF OSTEOPONTIN (OPN) ON
NEURONAL AND GLIAL CELL VIABILITY DUE TO
RECEPTOR PROTEIN REGULATION OF INTEGRINS
AND CD44
F. Garreis, C. Neumann, J. Lehmann, M. Hemmerlein, F.
Paulsen, M. Scholz
Department of Anatomy 2, Friedrich Alexander University
Erlangen-Nürnberg, Erlangen, Germany
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untreated controls, that show a strong decline in ONL
thickness.

P210
RPE AS THE SOURCE OF EXTRA PHOTORECEPTORS
IN TRANSGENIC MICE

Conclusions: This study demonstrates a rescue of the
PROM1 knock-out phenotype by delivering wild-type
PROM1 to host photoreceptor cells using rAAV2/8 vector.
Our results are in line with other studies showing promising
results for gene therapeutical strategies for the treatment of
retinal degenerative disorders and show the feasibility of
gene therapeutical treatment of PROM1 mutations causing
retinal degenerative diseases.

R.-T. Yan, S.-Z. Wang
University of Alabama at Birmingham, Birmingham, AL, USA
Photoreceptor replacement holds great promise in treating
visual impairments caused by photoreceptor degeneration.
We take a rather unconventional approach to photoreceptor
regeneration - reprogramming the RPE with a prophotoreceptor gene to channel RPE's well-known capacities
of proliferation and plasticity into photoreceptor production,
in situ in the mammalian eye. We generated transgenic mice
targeting for ectopic expression of neurogenin1 (ngn1), or
ngn3, in the RPE driven by PVMD2, the promoter of RPE gene
VMD2 (bestrophin-1). Transgenic mouse eyes contained
extra photoreceptor cells, often organized as extra outer
nuclear layer. To verify that the extra photoreceptor cells
originated from the RPE, we performed different sets of
analysis. (1) The eye from transgenic mice was directly
examined for the presence of cells representing transitional
stages in “RPE-to-photoreceptor” conversion. We found that
the RPE contained cells immune-positive for recoverin, an
+
early photoreceptor protein. Some of the recoverin cells
maintained the RPE's typical cobble-stone appearance,
while others became elongated, but most of them exhibited
less pigmentation than the bona fide RPE cells. (2) Eye cup
(choroid + RPE) explant culture, with BrdU added to the
+
medium, was used to examine whether recoverin cells
could arise from the eye cup while in culture. Double
immunocytochemistry of the eye cup explants revealed
+
+
BrdU /recoverin cells. (3) Transgenic mice were crossed
with rd1/rd1 mouse, and BrdU was injected into the resultant
transgenic, rd1/rd1 mice post degeneration of their retinal
photoreceptors, to determine whether the transgenic
approach could induce de novo photoreceptor genesis.
+
+
BrdU /Recoverin cells were detected in transgenic, rd1/rd1
animals. Our data provide support to the concept of using
the RPE as “stem” cells for photoreceptor regeneration.
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AGEING DECREASES CYSTATIN C SECRETION IN
HUMAN RETINAL PIGMENT EPITHELIUMIMPLICATIONS FOR AGE-RELATED MACULAR
DEGENERATION
1

2

1

1

P. Kay , Y. Yang , D. Gray , L. Paraoan
1

Eye and Vision Science, University of Liverpool, Liverpool,
Opthalmology, Wolverhampton Med-Inst, New Cross
Hospital, Wolverhampton, UK
2

Aims: The cysteine protease inhibitor, cystatin C is secreted
basolaterally from the retinal pigment epithelium (RPE). The
variant B of this protein is associated with an increased risk
of developing age-related macular degeneration (AMD),
likely due to decreased secretion compared to the wildtype.
The aim of this study was to determine possible changes in
cystatin C expression and secretion in the RPE as a result of
increasing age.
Methods: Immunohistochemical analysis of eyes from 35
human donors, (age range of 17-95 years) was carried out
using an antibody to cystatin C. To further analyze the
effects of ageing, human fetal RPE (hfRPE) cells were
cultured for 28 days on human extracellular matrix (ECM),
which was either untreated (non-aged) or treated with
glycolaldehyde (aged) prior to cell seeding. This treatment is
known to cause an accumulation of advanced glycation endproducts and protein cross-linking within ECM, a common
occurrence of the natural ageing process. Cystatin C protein
expression and secretion in these cells was subsequently
determined by Western blot.
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IDENTIFICATION OF THE SUPERIOR OCULAR FISSURE
& CHARACTERIZATION OF ITS MOLECULAR GENETICS

Results: Cystatin C was detected in the RPE of all human
eye specimens. Expression levels showed a statistically
significant decrease with age in the posterior RPE, but not in
the peripheral segments. Western blot analysis of hfRPE
cells revealed a marked decrease in both cystatin C protein
expression and secretion in aged RPE cells, when compared
to non-aged cells.
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Alberta, Edmonton, AB, Canada
The inferior ocular fissure is a well-recognized structure
whose failure to close during development results in
coloboma. We have identified the presence of a novel
'superior fissure' in patients presenting with superior
coloboma and the developing zebrafish eye, indicating an
evolutionarily conserved function. The restricted expression
of genes responsible for retinoic acid metabolism (aldh1a2,
aldh1a3, cyp1b1) adjacent to the superior and inferior
fissures during ocular development led us to hypothesize a
role for retinoic acid in fissure closure. We found that
inhibition of cyp1b1 results in a persistent superior fissure,
and identified two CYP1B1 mutations in a superior coloboma
patient
[p.Arg368His
mutation
(c.1103G>A)
&
p.Ala287Profsx6 (c.859delG)]. In addition, we demonstrated
that supplementation of zebrafish coloboma models, such as
-/gdf6 , with Vitamin A or retinoic acid during development
rescues colobomatas phenotypes. Since the expression
boundaries of the forkhead box transcription factors foxg1
(nasal retina) and foxd1 (temporal retina) correspond with
the locations of these fissures, we investigated the effect of
foxd1 morpholino inhibition and demonstrated that it results

Conclusions: These findings reveal that cystatin C
expression is reduced in RPE as a result of ageing,
subsequently leading to decreased secretion of the protein
from the RPE to its sites of action in the surrounding tissues.
Decreased cystatin C levels in areas such as the Bruch's
membrane could disturb the proteolytic balance required to
maintain its structure, leading to changes commonly
observed in AMD.
Supported by R&D Royal Wolverhampton Hospitals NHS
Trust
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in ectopic and aberrantly located fissures. We are currently
evaluating the model that interplay between forkhead box
proteins and retinoic acid signaling specifies fissure position,
with such boundaries required for correct patterning and
retino-cortical projection.

Department of Infection Biology, Leibniz Institute for Natural
Product Research and Infection Biology, Jena, Germany
Purpose: Age-related macular degeneration (AMD) is the
most frequent cause of blindness in older people. The
hallmark of AMD is the accumulation of deposits (drusen) at
the macula, and degeneration of pigment epithelial cells in
the retina. AMD is a complement associated disease and
genetic variations were predominantly identified in
complement genes such as factor H, CFHR1, CFHR3, C2,
C3, and factor B. Nucleotide polymorphisms in two further
genes (ARMS2 and HTRA1) also determine susceptibility to
the disease. However, data about cellular expression and
localization of the ARMS2 protein are inconsistent and the
physiological role of this protein is still unclear. We asked,
whether
ARMS2
recognizes
self-cell-surfaces
and
investigated binding of ARMS2 to glycosaminoglycans
(GAGs) such as heparin and determined binding of ARMS2
to cell surfaces.
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THE EFFECT OF PROGESTERONE ON RETINITIS
PIGMENTOSA
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Methods: cDNA of ARMS2 was cloned into expression
vector PICZB and the ARMS2 protein was expressed in
Pichia pastoris. The recombinant protein was purified by
nickel-affinity chromatography and a specific antiserum was
generated to the recombinant ARMS2 protein. Binding of
ARMS2 to Chinese hamster ovary (CHO) bearing GAGs and
a mutant CHO strain deficient in GAGs (pGS-A) was
analyzed by flow-cytometry.

Purpose: Retinitis Pigmentosa (RP) is a neurodegenerative
disease that affects photoreceptors and causes blindness in
humans. Recently, it has been shown that norgestrel
prevents photoreceptor cells from undergoing apoptosis in
two models of retinal degeneration.
The purpose of this study was to assess if
progesterone,could offer protection to the retina in a model
of retinal degeneration: the rd1 mouse and to investigate its
mechanism of action. The rd1 mouse, is characterized by a
mutation in the gene encoding for the beta subunit of the rod
photoreceptor PDE6, resulting in no protein expression and
accumulation of cGMP with a rapid rod photoreceptor
degeneration followed by a death of cone photoreceptors.

Results: ARMS2 protein was recombinantly expressed in
Pichia pastoris and purified by chromatography. A new
generated ARMS2 antiserum showed high specificity to the
recombinant protein. ARMS2 bound to heparin-beads and
binding was dose dependent, as shown by flow-cytometry.
Similarly ARMS2 binds to CHO cell surfaces, that express
GAGs on their surface. Specificity of ARMS2 binding to
GAGs was demonstrated by no binding of ARMS2 to pGS-A
that lack GAGs on their surfaces. These results indicate that
ARMS2 harbors a heparin binding site and is able to
recognize and bind to self cell-surface.

Methods: 5 mg/kg of progesterone were administered orally
to rd1 mice at postnatal days 5, 7, 9 and 11 or at postnatal
days 5, 7, 9, 11, 13, 15 and 17. Animals were sacrificed on
postnatal day 12 and 18 respectively.
Histological
evaluation
was
performed
usin
hematoxylin/eosin and avidin staining, as well as in situ
terminal deoxynucleotidyl transferase-mediated dUTP-biotin
nick end-labeling (TUNEL) assay. Glutamate concentration
was determined in retinal homogenates and the expression
of GAD65 was also studied.

Conclusion: ARMS2 is a heparin binding protein and likely
acts as secreted protein on human cell-surfaces.
Supported by ProRetina Foundation
COI/Financial disclosure: Nothing to disclose

Results: Many of the rd1 photoreceptors at postnatal day 12
displayed TUNEL positive reactions. Progesterone
administration improved cell survival at the periphery of the
retina. At postnatal day 18 rescue of photoreceptors was
significant at the periphery of the retina in progesteronetreated mice. There was no difference in retinal glutamate
concentration
and
GAD65
expression
between
progesterone-treated and non-treated mice.

S. Herranz-Martín, A.E. Paniagua, A. Velasco, J.M. Lara, J.
Aijón, C. Lillo

Conclusions: Further studies are needed to confirm the
mechanism of action of progesterone in Retinitis Pigmentosa
and other retinal degenerations.

Cell Biology and Pathology, Instituto de Neurociencias de
Castilla y León, Universidad de Salamanca, Salamanca,
Spain

Acknowledgements: This work was supported by Funds
from Ministerio de Ciencia e Innovación (SAF 2010-21317)
and Copernicus Santander Program of CEU the Universidad
Cardenal Herrera.

CRB1 is a transmembrane protein present in the Müller
cells. These cells establish adherens junctions with
photoreceptors to form the outer limiting membrane (OLM).
CRB1 is located apically to the OLM, in the subapical region
(SAR). Some retinal dystrophies, such as Retinitis
pigmentosa or Leber Congenital Amaurosis have been
linked to mutations in the gene that codifies for the CRB1
rd8
human protein. There is a Crb1 mouse model which shows
a clear phenotype in vivo, with gaps in the OLM,
photoreceptor-rosettes and progressive photoreceptor death.
rd8
Although the phenotype in the retina of the Crb1 mouse is
well established, little is known about the behavior of the
Müller cells lacking CRB1 during the postnatal development
of the retina. To analyze this, we have used retinas from
adult and P7 wild type and mutant mouse to perform western
blotting and immunofluorescence with different retinal

P214
RD8

THE DEVELOPMENT OF THE RETINA OF THE CRB1
MUTANT MOUSE: THE BEHAVIOR OF MÜLLER CELLS
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RECOMBINANT ARMS2 RECOGNIZES CELL-SURFACE
VIA GLYCOSAMINOGLYCANS
S. Micklisch, P. Zipfel, C. Skerka
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markers. To specifically study the Müller cells, we cultured
this cell type from P7 wild type and mutant retinas and
analyzed their viability and proliferation at different time
points, and also carried out immunofluorescence and
western blot analysis with well-known markers for Müller
cells. We found alterations in the morphology and in the
protein expression in P7 mutant retinas, earlier than
previously described. Müller cells in vitro showed the highest
viability in mutant cells throughout the first days in culture,
but it decreased at fifteen days in culture. We have also
detected alterations in the amount of expression of several
Müller cells proteins in vitro as well as in vivo. We conclude
that the alterations at early points in the postnatal
rd8
development of the CRB1 .

P216
RETINAL DEVELOPMENTAL DEFECTS IN THE GOOD
NT2
EFFORT MUTANT ZEBRAFISH ARE CORRELATED
WITH ELEVATED CELL DEATH
1

Background: In a screen to identify mutations resulting in
eye defects, we found the good effort (gef) mutant. The
retina of gef embryos is characterized by the successful
initiation of the optic primordium and normal retinal
development over the first two days post fertilization. The
mutant retina, however, fails to continue to grow.
Methods: Embryos from gef heterozygous incrosses were
analyzed for cell death by acridine orange and by TUNEL
labeling at 2 days post fertilization. Meiotic mapping was
used to localize the mutation interval. Genes in the linkage
interval were analyzed by quantitative real-time PCR and in
situ hybridization. One-cell embryos were injected with
morpholino oligonucleotides against the candidate gene with
or without in vitro transcribed mRNA of the human
orthologous gene to either mimic or rescue the gef mutant
phenotype, respectively.

P215
HSP70 MAY BE INVOLVED IN NEUROPROTECTIVE
RESPONSES OF RD1 ROD PHOTORECEPTORS
2

2
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2
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Background: The heat shock proteins (HSPs) are a family
of functionally related proteins found in all living organisms.
The HSPs are involved in protein folding/unfolding and
thermotolerance and their expression increases when cells
are subject to stress conditions. The 70 kDa member of the
HSP family (HSP70) has been shown to be neuroprotective
in situations of retinal damage. Here we wanted to
investigate the expression and localization of HSP70 in the
retina of the rd1 mouse, which is a model of inherited retinal
degeneration, a disease that currently lacks treatment.

Results: The number of dying cells in gef mutant embryos at
2 days post fertilization that labeled with TUNEL and acridine
orange was significantly greater than wild-type embryos.
This time was earlier than any observable gross
morphological differences, which suggested that this cell
death led to the gross morphological defects. Meiotic linkage
mapping found a one-megabase interval on chromosome 9
that contained eleven potential genes. Only integrin beta-like
1 (itgbl1) transcripts were found at reduced levels in acridine
orange labeled embryos at 2 days post fertilization. The
expression of itgbl1 localized to the brain and retina with
weak or no expression in the lens. High itgbl1 expression
was also found in the developing meninges and vasculature
cells. The gef mutants also exhibited reduced circulation
relative to wild-type siblings. Morpholino inhibition of Itgbl1
protein expression in wild-type embryos phenocopied the gef
mutant and this phenotype was partially rescued by injection
of in vitro transcribed human ITGBL1.

Methods: Retinae were collected from either rd1 and wildtype C3H mice at relevant ages (post natal day [PN] 7-15).
The
specimens
were
fixed,
cryosectioned
and
immunolabeled for HSP70 either alone or in combination
with e.g. immunostaining for cones (cone-arrestin antibody)
or microglia (F4/80 antibody), or with TUNEL or avidin
staining, for detection of cell death or oxidative stress,
respectively.

Conclusions: These data suggest that disrupted Itgbl1
activity leads to retinal degeneration.

Results: HSP70 was not expressed at detectable levels in
the retina of wild-type mice. In contrast, a subset of
photoreceptors were clearly labeled in the rd1 retina,
beginning from PN9. The HSP70 positive cells were neither
cones nor microglia, and they did not co-label with markers
for stress or cell death markers.
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Conclusions: HSP70 is seen at high levels only in the rd1
rod photoreceptors, and probably only expressed during the
early stages of the retinal degeneration. Given the
neuroprotective properties of HSP70, it is tempting to
speculate that the increased HSP70 in the rd1 rods reflects
an early endogenous neuroprotective response. Further
studies will be needed to corroborate this notion, but if
correct it will be highly interesting to find ways to strengthen
the response, and thus utilize an intrinsic preservation
process as a therapeutic alternative.

GLUCOSE SIGNALING IN RETINAL ENDOTHELIAL AND
MÜLLER CELLS
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Background and aims: Hyperglycemia is a major factor
contributing to the pathology of diabetic retinopathy.
However, the precise mechanisms by which hyperglycemia
promotes diabetic retinopathy are unknown. Reports have
indicated that diabetes may be a disease of calcium
dysregulation. Calcineurin, a phosphatase that activates the
transcription factor NFAT, is activated by an increase in
intracellular calcium.
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in all retinal layers, but absent from the RPE. The TEAD4
probe appeared to be concentrated within endothelial
neovascular tufts.

Methods: To investigate whether this calcium signaling
pathway is important in diabetic retinopathy onset or
progression, primary human Müller cells (HMC) and Müller
cells isolated from COX-2 null and wild-type mice (MMC)
were treated in low (5 mM) or high (25 mM) glucose for 48
hours. HMC were treated simultaneously with vehicle or FK506, a calcineurin inhibitor. COX-2 null cells were chosen
because COX-2 is a known downstream target of NFAT.
Medium was collected and assayed for VEGF by ELISA.
HMC and human retinal microvascular endothelial cells
(RMEC) were grown in low or high glucose for 48 hours and
stained for NFATc2 or NFATc3. RMEC were treated with
high glucose and proliferation was assayed by BrdU
incorporation.

Conclusions: RNAscope is a novel method of in situ mRNA
detection. Probes and the tissue to be tested require
optimization for detection of signal. Using this method, we
observed different patterns of mRNA expression for VEGFA,
HIF-1α and TEAD4 within the retina.
COI/Financial disclosure: Nothing to disclose
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RESTORING ROD PHOTORECEPTORS IN ZEBRAFISH
WITH IMPAIRED ROD DEVELOPMENT: JUST ADD
RETINOIC ACID

Results: High glucose stimulated secretion of VEGF in both
HMC (p< 0.05) and MMC (p< 0.05) while FK-506 and
deletion of COX-2 inhibited this induction. In both HMC and
RMEC, high glucose reduced cytosolic localization of
NFATc2, but had no effect on localization of NFATc3.
Finally, high glucose stimulated proliferation of RMEC (p<
0.05).

D.L. Stenkamp, C.B. Stevens, S. Adamson, K.A. Russo
Biological Sciences, University of Idaho, Moscow, ID, USA
All-trans retinoic acid (RA) promotes rod photoreceptor fate,
rod differentiation, and rod survival in a variety of model
systems. In addition, in zebrafish embryos exposed to
ethanol, RA treatment results in the restoration of rod
development. Here we probe the effectiveness of RA at
rescuing rod development or survival in other genetic or
pharmacological circumstances that impair the development
of rods. For this study we used in separate experiments 1)
w32
the transgenic line Tg(hsp70l:dkk1-GFP) , which
overexpresses the Wnt signaling inhibitor Dkk1 following a
brief heat shock, 2) the cloche mutant, which has
cardiovascular defects, and 3) the protein kinase A activator
(and Shh signaling inhibitor) forskolin. Embryos subjected to
overexpression
of
dkk1 displayed
microphthalmia,
coloboma, protruding lenses, reduced volume of the GCL,
and reduced differentiation of rods and cones. The effects on
rod development persisted days after the treatment such that
larvae displayed severely reduced numbers of rods in dorsal
w32
retina. Treatment of heat-shocked, Tg(hsp70l:dkk1-GFP)
embryos with 0.3µM RA resulted in a significant, albeit
partial restoration of rod numbers, and increased expression
of crx mRNA. Embryos mutant at the cloche locus lacked
embryonic retinal and hyaloid vasculature, and displayed
microphthalmia, disorganized retinal histology, cell stress,
and reduced differentiation of rods and cones. RA treatment
of cloche mutants resulted in a significant, partial restoration
of rod numbers. Embryos treated with forskolin showed
severe reductions in rod development, and these were also
partially restored by concomitant treatment with RA. In each
of these three experiments, restored rods were positioned in
the ONL, and they targeted rod opsin appropriately to
developing apical processes. In the zebrafish embryo, RA
can therefore promote the development of rods in several
situations in which rod development is otherwise impaired.
Our findings have implications for treatments of human
retinal disorders involving the loss of rods.

Conclusions: The calcium signaling protein calcineurin
plays a role in the increased VEGF production in response to
hyperglycemia. COX-2 downstream of NFAT also mediates
the glucose-induced VEGF increase. High glucose affects
both upstream angiogenic processes by increasing VEGF
production and downstream processes by increasing RMEC
proliferation.
COI/Financial disclosure: EY07533, GM07628
P218
DETECTION OF VEGF, HIFΑ AND TEAD4 TRANSCRIPTS
IN MOUSE RETINA IN DEVELOPMENT AND OXYGEN
INDUCED RETINOPATHY USING RNASCOPE
B. Appukuttan, A. Stempel, C. Morgans, J.T. Stout
Casey Eye Institute, Oregon Health & Science University,
Portland, OR, USA
Introduction: Expression of the VEGF gene under ischemic
conditions is regulated by various transcription factors,
including HIF-1. Recently, the transcription factor TEAD4
was shown to increase in expression under hypoxic
conditions in vascular endothelial cells and mediate
enhancement
of
VEGF
and
HIF-1α
expression.
Determination of cell-specific expression of these transcripts
within the retina during normal and ocular ischemic disease
development is of interest. In this study we evaluate and
optimize the RNAscope method of in situ hybridization to
detect these transcripts within the retina in a model of
oxygen induced retinopathy (OIR).
Method: Mouse eyes were isolated at various stages of
normal and OIR development, fixed for 3, 24 hours or 3
days, paraffin embedded and sectioned (5µm). RNAscope
2.0 probes to VEGFA, HIF1α and TEAD4 were generated
and tested on these sections using various parameters,
including several pretreatments and different humidified
incubators. Signal amplification from probes hybridized to
target mRNAs was visualized using FastRed.

Support: NIHR01EY012146.
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Results: Sections prepared after 3 day fixation, a 1 in 15
dilution of pretreatment and humidified incubation in a Slide
Adapter gave the strongest signal for VEGF and HIF-1α
compared to other parameters tested. The VEGF mRNA
was detected strongly in the central inner nuclear layer,
coinciding with the Müller cell bodies, a subpopulation of
ganglion cells and RPE cells in P13 and P17 normal mouse
retina. VEGF expression by Müller cells was more
pronounced in the OIR model. HIF-1α mRNA was detected

BDM-E IS RETINOPROTECTIVE IN MODELS OF
OXYGEN-INDUCED RETINOPATHY, DIABETIC
RETINOPATHY AND LIGHT DAMAGE
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Background and aims: BDM-E is a small synthetic peptide
that exhibits anti-inflammatory and anti-apoptotic properties.
The aim of this study was to determine if BDM-E improves
oxygen-induced retinopathy (OIR), diabetic retinopathy and
photoreceptor function in a light damage model.

perturbed in Pax6-/- retinae. Reduction in the RPC
proliferation and premature cell cycle exit are likely to be the
primary cause of strong retinal hypocellularity found at
embryonic day E18.5.
Conclusions: Our findings show that during early stages of
retinal development Pax6 is essential for RPC proliferation
and prevents premature cell cycle exit. From this point Pax6
represents an important player in regulation of events
connected to RPC proliferation and differentiation.

Methods: OIR was induced in C57BL/6 mice by exposure to
75% O2 between postnatal days (P) 7 to 12, and room air
until P18. BDM-E (0.5 to 500µg/mouse/day, N=6-9/group)
was administered from P7 to P18 (early intervention), or P12
to P18 (late intervention). Streptozotocin diabetes was
induced in Sprague Dawley rats (55mg/kg) and rats were
treated with either 1,10, 50 or 100mg/kg/day BDM-E over
20-weeks (N=5-14/group). Light damage was induced by
exposure of Sprague Dawley rats to 250lux/night light and
then 10,000 lux for 16 hours, and rats were evaluated 30
hours later. BDM-E (50mg/kg) was administered each day
from the induction of light damage (N=11-12).
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GROWTH OF PORCINE IRIS PIGMENTED EPITHELIAL
CELLS ON SUBSTRATES FOR THE TREATMENT OF
AGE RELATED MACULAR DEGENERATION (AMD)

Results: In OIR, retinal angiogenesis (29.11±2.49/field) was
increased compared to control (9.97±0.32/field), and
reduced by both early and late intervention with BDM-E
(13.63±0.91/field; late intervention, P< 0.01). In diabetic rats,
both acellular capillaries and leukostasis were increased
compared to non-diabetic control and reduced with BDM-E.
In both OIR and diabetes, glial fibrillary acidic protein
immunolabelling (Muller cells) was increased compared to
controls, and reduced by BDM-E. In the light damage model,
BDM-E improved the severe deficits in both cone and rod
function by 30%. Photoreceptor damage (TUNEL) was
reduced by BDM-E (P=0.0052).
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Aims: A potential treatment for AMD involves the
replacement of the diseased RPE cells. Appropriate
substrates for scaffold and cells for transplantation are
required to support the implantation of a differentiated
monolayer of functioning cells. Previous work has
demonstrated that bovine IPE cells function in a similar way
to RPE cells when grown on synthetic membranes.The aim
of this study is to optimise the growth of porcine IPE on the
same substrates in order to move towards a translational in
vivo study.
Methods: The substrates used in this study were porous
polyurethane (PU) (Biomer Technology Ltd.) and surface
modified, expanded polytetrafluoroethylene (ePTFE).
Freshly harvested porcine IPE (pIPE) cells were seeded on
the PU, ePTFE and tissue-culture polystyrene (TCP) and
cultured for up to 28d. Cell morphology was assessed by
phase contrast microscopy and F-actin staining. Cytokeratin
staining was performed to confirm the epithelial phenotype
and ZO-1 staining to assess tight junction formation.
Results: PU and ePTFE membranes supported the
attachment and proliferation of pIPE cells. At 7d, cells
appeared pigmented and demonstrated cobblestone
morphology. By 28d, the cells had adopted a more
elongated morphology and stress fibres were exhibited on all
membranes. On ePTFE substrates, weak ZO-1 staining was
observed.
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PAX6 REGULATES THE PROLIFERATION OF RETINAL
PROGENITOR CELLS IN EARLY STAGES OF RETINA
DEVELOPMENT
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Conclusions: BDM-E improves damage to the vasculature
and photoreceptors in models of retinal disease.
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Background and aims: During the mammalian retina
development neuronal and glial lineages are generated from
proliferating and differentiating multipotent retinal progenitor
cells (RPCs). The precise regulation of cell cycle progression
and cell cycle exit ensures stepwise differentiation into
various retinal cell types. We focused in this study on the
function of Pax6 in RPC proliferation in the earliest stages of
retina development.
Methods: To inactivate Pax6 gene in the early stages of
retinal development, we generated a new CRE-expressing
transgenic mice by insertion of CRE recombinase into the
mouse Rx locus. Pax6-/- retinae were obtained using the
CRE-loxP system. Retinal sections from different embryonic
stages (E10-P0) were analysed by hematoxylin-eosin
staining and by immunohistochemistry using markers of
RPC proliferation (BrdU, cyclinD1, PH3), cell cycle exit (p27,
p57) and differentiation (TUJ1).

[pIPE on substrates]
Cell growth on (a) HA-ePTFE, (b) NH3-ePTFE and (c) PU
Discussion: Primary IPE cells were shown to attach and
grow on the membranes. Further optimisation of culture
conditions is required to achieve a differentiated monolayer
prior to transplantation into the in vivo pig model.

Results: Already at embryonic day E10.5, a day after Pax6
deletion, the proliferation and the number of RPCs were
decreased to 50% in Pax6-/- retinae. By embryonic day
E14.5 we detected downregulated expression of cyclinD1
and upregulated expression of cell cycle inhibitors p27 and
p57 in Pax6-/- RPCs. Staining for neuron-specific class III
beta-tubulin (TUJ1) showed that neuronal differentiation is
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birth. Our previous studies on developing retinas revealed,
that besides the prominent labeling of the photoreceptor
layer, a less numerous population of cells was also present
in the inner nuclear and ganglion cell layers. The aim of this
study was to characterize this peculiar cell population from
quantitative and qualitative aspects.
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THE ANTIANGIOGENIC EFFECT OF OCTREOTIDE IN
MOUSE RETINAL EXPLANTS INVOLVES THE
INHIBITION OF AKT PHOSPHORYLATION

Retinas of Spague-Dawley rats of different ages (P0-P21)
were studied. Immunocytochemical labeling of different
rhodopsin specific antibodies were used on cryosections.
Double labeling with several retinal cell type specific
antibodies was used to further characterize the rhodopsin
positive cell populations.

M. Dal Monte, V. Latina
Departmen of Biology, University of Pisa, Pisa, Italy
Angiogenesis plays a central role in the pathogenesis of
ischemia/hypoxia-induced retinopathies. The
peptide
somatostatin (SRIF) exerts an antiangiogenic role through its
receptor sst2. The sst2-preferring agonist octreotide prevents
the hypoxia-induced up-regulation of VEGF and retinal
neovascularization in a mouse model of oxygen-induced
retinopathy. In mouse retinal explants, we have
demonstrated that octreotide prevents the hypoxia-induced
up-regulation of VEGF by inhibiting the transcription factors
STAT3 and HIF-1 suggesting that a complex network of
multiple pathways is involved in mediating octreotide effects
on retinal neovascularization. In order to clarify whether
STAT3-independent mechanisms involving the protein
kinase Akt may mediate octreotide effects on HIF-1α we
evaluated the effect of octreotide on Akt phosphorylation and
HIF-1α accumulation using pharmacological and molecular
approaches. As shown by our results, hypoxia increased Akt
phosphorylation and HIF-1α accumulation. Octreotide
significantly reduced Akt phosphorylation and this effect was
abolished by LY294002, an inhibitor of Akt phosphorylation,
or a siRNA specifically targeting Akt (Akt-siRNA). Octreotide,
LY294002 or Akt-siRNA significantly reduced the hypoxiainduced increase in HIF-1α accumulation. Octreotide, in
combination with LY294002 or Akt-siRNA, synergistically
reduced HIF-1α accumulation. In normoxic explants, the
activator of Akt phosphorylation carnosol increased HIF-1α
accumulation.
Octreotide
partially
prevented
Akt
phosphorylation and abolished HIF-1α accumulation,
confirming Akt as a mediator of octreotide effect on HIF-1α.
Finally,
we
demonstrated
that
Akt
phosphorylation/dephosphorylation
is
paralleled
by
increase/decrease of VEGF release indicating a critical role
of Akt in the complex molecular machinery coupling sst2 to
the regulation of retinal VEGF accumulation in response to
hypoxia.

We regularly observed small clusters of rhodopsin
expressing cells in the inner nuclear and ganlion cell layers
of the rat retina. They first appeared at the 4th postnatal day
(P4), reached their maximum density around P14 and
rd
disappeared by the end of the 3 week. Morphologically
these cells often resembled resident bipolar, amacrine or
ganglion cells, and they comprised approximately 1% of the
total labeled population. They could be detected using
several different sets of antibodies, raised against the C-,
and the N-terminal of rhodopsin, respectively. Among the set
of retinal cell type specific antibodies tested, we observed
colabeling only with recoverin, an antibody labeling
photoreceptors and rod bipolar cells in the rat retina.
Our results show that 1% of all rhodopsin expressing cells
are not located amongst other photoreceptors during
development, but are displaced to the inner retinal layers.
Colabelings indicate that although they lose almost all
morphological resemblance to other photoreceptors, they
are probably rods that failed to integrate to the outer nuclear
layer.
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RETINAL APOPTOSIS IS OBSERVED IN A KNOCKDOWN
ZEBRAFISH MODEL OF CERKL, A GENE RESPONSIBLE
FOR RETINITIS PIGMENTOSA AND CON-ROD
DYSTROPHY
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In conclusion our finding that Akt is a downstream effector of
sst2 in the retina may have implications in designing
therapies targeting Akt aimed at preventing retinal
neovascularization.
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Background: CERKL is one of the major genes causing
retinitis pigmentosa and con-rod dystrophy in the Spanish
population. After intense studies, however, its contribution to
photoreceptor degeneration remains to be determined. Our
previous data show that overexpression of CERKL in HeLa
cells confers protection against apoptosis caused by
oxidative stress.

This work was supported by a grant of the International
Retinal Research Foundation, Inc. (Birmingham, Alabama,
USA) to MDM.
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Aim: The goal of this study is to use zebrafish as a model to
approach CERKL function in retinal cells.

MISPLACED PHOTORECEPTORS DURING POSTNATAL
DEVELOPMENT IN THE RAT RETINA

Methods: CERKL expression in zebrafish was examined by
RT-PCR in embryos at different stages of development and
in adult animal tissues. ISH on wholemounts and
cryosections was performed to characterize the cell-type
specificty and expression pattern of CERKL during
development and in the adult retina. The retinal phenotype of
CERKL-knockdown morphants was characterized at the
histological and immunohistochemical levels. Acridine
orange was used for the dectection of apoptosis.

K. Szabó, A. Szabó, A. Énzsöly, Á. Szél, Á. Lukáts
Department of Human Morphology and Developmental
Biology, Semmelweis University, Budapest, Hungary
Rod photoreceptors are the dominant components of light
perception in the retina of primarily nocturnal mammals. The
polarized parts of rods, the outer segments contain the lightsensitive, G-protein coupled receptor called rhodopsin,
which can be detected with immunochemical methods from

Results: zfCERKL transcribes into several mRNA isoforms
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and encodes a protein of 577 aa, sharing 50.6% identity with
the human protein. The gene is expressed at early stages of
zebrafish development and persists into adulthood, altough
the highest expression is found in the adult retina. CERKL
expression was mainly detected in the eye and brain by ISH
on 4 dpf embryo wholemounts. In the embryo retina, CERKL
mRNA is present in all cell layers, whereas in adults,
expression is highest in the ONL and IS of photoreceptors.
Expression was also detectable at the INL. Interestingly, an
increase of retinal cell death in the CERKL-knockdown
animals was detected.

P227
THYROID HORMONE INFLUENCES M/L-CONE
DIFFERENTIATION IN ORGANOTYPIC CULTURES OF
THE RAT AND SYRIAN HAMSTER RETINA
A. Lukats, V. Doma, G. Halasz, A. Szabó, A. Magyar, K.
Szabo, A. Szel
Dept. of Human Morphology and Developmental Biology,
Semmelweis University, Budapest, Hungary
Literature data obtained mice indicate that thyroid hormones
play an important role in M/L-cone differentiation. Its effect
however has not been examined in other species of
mammals, mainly due to the lack of proper testing methods.
In a previous work we demonstrated the expression of TRβ2
thyroid hormone receptor in the photoreceptors of the rat
and the Syrian hamster. The aim of the present study was to
examine if the hormone indeed controls M/L-cone
development in these rodent species.

Conclusions: CERKL is widely expressed throughout
zebrafish development. Our knockdown model shows retinal
apoptosis.
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IMPACT OF CHM MUTATIONS AT THE MRNA LEVEL

Retinas of early postnatal (P0-P4) Sprague-Dawley rats and
Syrian golden hamsters were explanted onto semiporous
membranes, and kept in culture for 14-28 days. Culturing
media contained a DMEM/F12 mixture, supplemented with
vitamins, amino acids, with or without serum (FCS, 10%) or
thyroid hormone (T3) added. After fixation, retinal
morphology was compared on radial sections and opsin
expression
patterns
were
analyzed
using
immunocytochemistry and PCR.

M.N. Preising, N. Alavi, B. Lorenz
Department of Ophthalmology, Justus-Liebig University,
Giessen, Germany
Purpose: Pathogenic mutations underlying choroideremia
fall into four general groups (1) big deletions covering the
whole CHM gene or major parts of it, and preterm translation
stops by (2) either intragenic deletions or insertions causing
frameshifts, (3) splice site mutations causing exon skipping,
or (4) nonsense mutations. Therefore, a protein truncation
test and western blots were proposed as general diagnostic
tools to identify mutations in CHM. Such a general loss of
the functional gene product would not be in line with the
phenotypical heterogeneity seen in patients.

The retina of both species exhibited a near normal
differentiation pattern in control cultures. The structure was
also maintained in serum free media and under prolonged
culturing conditions. The lack of T3 substitution had no affect
if serum was supplied to the retina. In contrast, the lack of
hormone under serum free conditions significantly altered
the staining pattern and number of M/L-opsin expressing
cells. Labeling with monoclonal antibodies completely
disappeared, and the number of elements stained by
polyclonal antiserum decreased significantly. The change
was more prominent after 3 or 4 weeks, but M/L-opsin
expression could still be detected using PCR reactions.

In a previous pilot study on lyonization in female carriers we
recognized an escape of frameshifting mutations of CHM
from nonsense-mediated decay (NMD). Therefore, we
sought to identify the effect of CHM mutations at the mRNA
level in males to explain the phenotypical heterogeneity.
Material and methods: We generated EBV-immortalized
lymphocyte cultures from 9 male index cases with
frameshifting mutations (intragenic large deletions (n=1),
small deletions (n=2), small insertions (n=5), splice site
mutations (n=1)), and nonsense mutations (n=2) in the
CHM-gene. Whole RNA was extracted using the Qiagen
Whole Blood Mini DNA/RNA Kit. The RNA was subjected to
RT-PCR (Qiagen one-step RT-PCR Kit) using mutationspecific primers spanning 3 or more flanking exons. The
PCR-products were analyzed in agarose-gel electrophoresis.

Our results show that thyroid hormone plays an important
role in M/L-cone differentiation in these rodent species
reported, and indicate that it may be a universal regulator in
mammals. The organotypic culturing technique enables us to
study
potential
factors
influencing
photoreceptor
development, and to point out similarities and differences in
retinal maturation between species.
COI/Financial disclosure: Grant support: OTKA #73000,
TAMOP-4.2.1.B-09/1KMR-2010-0001

Results: The presence of CHM transcripts was confirmed by
successful RT-PCR of all mutations tested excluding
nonsense mutations.
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GPR109A: A NOVEL THERAPEUTIC TARGET FOR
COMBATTING INFLAMMATION IN DIABETIC RETINA

Discussion: Here we confirmed the escape from NMD by
preterm translation stops created by frameshifting mutations
in males restricting NMD to nonsense mutations in CHM.
Therefore, at least 2 types of mutations in CHM have to be
considered: (1) mutations producing a translatable mRNA
(frameshifting mutations) and (2) mutations preventing the
production of a translatable mRNA (whole gene deletions,
nonsense mutations). The effect of post-translational quality
control mechanisms must be subject of further studies.

1,2,3

1,3

1,3

P.M. Martin , D. Gambhir , W. Promsote , V.
1,3
Ganapathy
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2

Biochemistry and Molecular Biology, Ophthalmology,
Vision Discovery Institute, Georgia Health Sciences
University, Augusta, GA, USA
3

Background and aims: Inflammation is crucial in diabetic
retinopathy (DR). Therapies targeted at limiting inflammation
may block early biochemical/cellular alterations in retina
even before they are clinically evident, and therefore have
tremendous potential for slowing/preventing progression of
the disease. GPR109A is the G-protein-coupled receptor for
the anti-lipolytic agent niacin; beta-hydroxybutyrate is the
endogenous agonist. We reported recently on GPR109A

COI/Financial disclosure: Nothing to disclose
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expression in retina; however, little is known regarding its
functional relevance in this tissue. We have compelling
preliminary data demonstrating an anti-inflammatory role for
the receptor in vitro. Our goal here was to validate GPR109A
as a potential therapeutic target for combating inflammation
in DR by demonstrating that: (1) the receptor plays an antiinflammatory role in diabetic retina, and (2) pharmacologic
activation of the receptor limits/reduces inflammation in vivo.

Intraoperative handling of rigid-elastic PLCL implants were
safe. SD-OCT results showed increased retinal reflectivity
and followed by atrophy above both implant types,
suggesting inflammation. In conclusion, the 200nm fiber
diameter topography appears to induce superior proliferation
in fhRPE. Initial in vivo results suggest PLCL scaffolds
created at this stage were not perfectly suitable as a RPE
cell carrier in rabbit subretinal space through an as yet
unknown mechanism. Experiments now focus on PLCL
modification to reduce the inflammatory responses in vivo.

Methods: GPR109A expression was evaluated in postmortem human retina samples obtained from patients
with/without insulin-dependent diabetes. Wild type and
-/Gpr109a mice were made diabetic using streptozotocin.
Non-diabetic, age/gender/genotype-matched animals served
as controls. Retinal expression of Gpr109a, IL-6, and Ccl2
was monitored by qPCR and immunohistochemistry. Acute
retinal inflammation was induced in additional wild type
animals using lipopolysaccharide (LPS), and animals treated
with/without the GPR109A agonist monomethylfumarate
(MMF); IL-6 expression was monitored by qPCR.

Acknowledgements: RuedigerFoundation, Germany (BVS);
Gerok/ BONFOR Germany (BVS); State Scholarship
Fund/ChinaScholarship Council 2008627116 (ZL)
COI/Financial disclosure: RuedigerFoundation, Germany
(BVS); Gerok/ BONFOR Germany (BVS); State Scholarship
Fund/ChinaScholarship Council 2008627116 (ZL)
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Results: GPR109A, IL-6 and Ccl2 expression increases
significantly under diabetic conditions in humans and in
mice. The increase in IL-6 and Ccl2 expression was
exacerbated drastically in the absence of the receptor
-/(Gpr109a ), (~100-200 fold). IL-6 expression was similarly
increased following LPS injection, but abrogated by MMF
treatment.

MOUSE MODEL ALLOWS CONDITIONAL
IMMORTALIZATION OF CELLS IN THE RETINA
1

Center for Regenerative Therapies Dresden (CRTD),
3
Biotechnology Center (BIOTEC) TU Dresden, German
Center for Neurodegenerative Diseases (DZNE), Dresden,
Germany
2

In the adult mouse retina regeneration is restricted. Whereas
in juvenile retina, after retinogenesis is completed, the reentry of Müller glia into a cycling population is inducible by
administration of growth factors like, but still limited. Thus,
we hypothesize conditional immortalization may induce and
prolong proliferation in the mouse retina. We investigated a
transgenic mice, that allow tightly and temporally controlled
expression of the protooncogen SV40 large T-antigen
(cSV40LT) in all cells. Interestingly, expression of SV40LT
under cell specific promotors have been previously reported
to induce retinal degeneration or tumor induction.

COI/Financial disclosure: Nothing to disclose
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TOWARDS DEVELOPING A BIODEGRADABLE CELL
CARRIER WITH NANOFEATURED SURFACE
TOPOGRAPHY FOR RETINAL PIGMENT EPITHELIUM
(RPE) CELL TRANSPLANTATION
1

2

2

1

1,3

1

Conclusions: GPR109A plays an anti-inflammatory role in
retina, and its expression is upregulated in diabetes.
Upregulation of GPR109A may represent a mechanism by
which the tissue attempts to fight inflammation in this
disease.
Pharmacological
activation
of
GPR109A/augmentation of this process may therefore have
therapeutic potential in clinical management of DR.

Z. Liu , N. Yu , F. Yang , B.V. Stanzel

2

P. Schäfer , K. Anastassiadis , M.O. Karl

Induction of cSV40LT is known to bind several proteins
including tumor suppressors p53 and retinoblastoma and
bypasses cell cycle checkpoints. Juvenile retina were
explanted, cultured ex vivo for 6 days with EGF, cSV40LT
was induced throughout the experiments and explants were
EdU pulse (S-phase) chased at day 6, 4h before fixation.

1
2

Univ.-Augenklinik Bonn, Bonn, Germany, Biomaterials,
Radboud University Nijmegen Medical Center, Nijmegen,
The Netherlands

In juvenile retina explants a limited number of Müller glia can
be induced to re-enter cell cycle by various mitogens.
Induction of cSV40LT led to a significant increase in overall
proliferation compared to control (no cSV40LT, EGF). We
observed a 9-fold increase of EdU positive cells (cSV40LT:
197 ±8SEM N=3; control: 22 ±6SEM N=3) and a 5-fold
increase in Ki67-positive cells (active cell cycle, cSV40LT:
232 ±22SEM N=3; control: 44 ±10SEM N=3). Interestingly,
preliminary observations suggest that neuronal degeneration
is not changed significantly and mostly Müller glia,
astrocytes and microglia cells proliferate.

A supportive substrate is crucial for retinal pigment
epithelium(RPE) transplantation. To investigate the influence
of substrate topography on RPE behavior, various fibrillar
and smooth poly l-lactide/ε-caprolactone(PLCL) substrates
were prepared by electrospinning and solvent casting,
respectively. Surface topography was analyzed by SEM.
4
Fetal human RPE(fhRPE) were seeded on substrates at 10
5
2
or 2×10 cells/cm . Cell morphology was observed by phase
contrast microscopy. Growth curves were counted
semiautomated with ImageJ. For the in vivo pilot study,
nanofibrillar and smooth membranes without RPE were
implanted into the subretinal space in an established rabbit
model. Repetitive in vivo imaging of the implants by spectral
domain optical coherence tomography (SD-OCT) were
obtained after 4, 7&14days, followed by histology. It was
found the average diameters of PLCL fibers were 200,
550&1100nm. RPE attached on all substrates at comparable
2
densities(5451±1247cells/cm ), but differed in footprint with
decreased spreading on rougher topography. The highest
proliferation rate was determined on 200nm fibers.
Decreasing growth rates were observed with increasing fiber
diameters with in 14days. RPE seeded at high density
contracted or detached from all groups at 3-14days.

Together our results suggest that cSV40LT enables
conditional cell immortalization in the retina. The cell types
that are induced to proliferate due to cSV40LT still need to
be determined in detail.
COI/Financial disclosure: Nothing to disclose
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TASK SOLVING STRATEGY AND ABILITY AFFECTS
THE CORRELATION OF VISUAL PERFORMANCE
®
MEASURES IN ARGUS II SUBJECTS
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1

1

T. Lauritzen , M. Arsiero , J. Dorn , K. McClure , R.
1
Greenberg , Argus II Study Group
1

evaluated by an independent observer who rated the effect
of the system on each patient on the following scale: positive
effect, mild positive effect, prior positive effect, neutral effect,
or negative effect.

2

Second Sight Medical Products, Sylmar, CA, USA, Second
Sight Medical Products, Lausanne, Switzerland

Of the 30 subjects enrolled in the clinical trial, 9 (30%) were
rated as having received a positive effect of the system, 7
(23.3%) as mild positive effect, 4 (13.3%) as prior positive
effect, 6 (20%) as neutral effect, and 0 as negative effect.
The remaining 4 study subjects (13.3%) did not participate in
the FLORA.

Purpose: To determine the correlation between Argus II
users' performances on different visual tasks.
Methods: The Argus II retinal prosthesis system includes a
10 x 6 electrode array implanted epiretinally, a tiny video
camera mounted on a pair of glasses, and a small external
computer that processes the video and determines the
stimulation current of each electrode in real time. We
determined the pairwise correlations for several different
performance measures of Argus II users, including their
ability to determine the direction of motion of a moving
object, their visual acuity, their ability to discriminate pairs of
electrodes, their ability to follow a line on the floor, and their
ability to find a door.

The FLORA is a new tool suitable for assessing the
functional vision and quality of life effects of vision
restoration treatments on blind patients. When applied to 30
Argus II clinical trial subjects, it revealed that 66.7% of
subjects had experienced some positive effect of the retinal
prosthesis.
COI/Financial disclosure: F. Anaflous, J.D.Dorn, and R.J.
Greenberg are employees of Second Sight Medical
Products, the study sponsor. D. Geruschat and G. Dagnelie
are employees of institutions that receive funds from SSMP.

Results: The pairwise correlations of the outcome measures
fall into two groups: tasks that require a certain degree of
spatial vision, and tasks that can be performed by scanning
the visual scene. There are no significant pairwise
correlations between measures falling in opposite groups.
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Conclusions: The results show that the degree of success
in different tasks correlate based on the method in which
they are solved (spatial vision vs. scanning). The lack of
correlations between tasks requiring different skills suggests
that improvement in one set of tasks does not preclude
improvement in other tasks. Therefore, targeted
rehabilitation programs can be customized for Argus II users
to develop specific skills and strategies. To our knowledge,
this is the first quantitative assessment of visual performance
correlations in a larger study group.
COI/Financial disclosure:
Medical Products.

Employees,

Second

KAINATE MEDIATED EXCITOTOXICITY INDUCES
VASCULAR TUFTS IN POSTNATAL RETINA OF THE
MOUSE: AN ALTERNATIVE MODEL OF ROP?
1,2
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Dresden Cluster of Excellence, Technische Universität
Dresden, German Center for Neurodegenerative Diseases
(DZNE), Dresden, Germany

Sight

P232

Background and aims: The development and progress in
vascular biology have elucidated several processes of
angiogenesis. Here, we sought to study the interaction of
vasculature and neuroretina after kainic acid (KA) damage of
the retina in vivo.

MEASURING FUNCTIONAL VISION AND QUALITY OF
LIFE OF ARGUS® II RETINAL PROSTHESIS SYSTEM
USERS WITH THE FUNCTIONAL LOW-VISION
OBSERVER RATED ASSESSMENT (FLORA)
1

2

3,4

3

J.D. Dorn , F. Anaflous , D. Geruschat , G. Dagnelie , R.J.
1
Greenberg , FLORA Working Group, Argus II Study Group
1

3,4

Methods: KA (5mM) was injected intraocularly in mice at
different ages. BrdU was administered daily to label
proliferating cells. Retinal wholemount or sections were
analyzed using immunohistochemistry and confocal
microscopy for 3D-imaging.

2

Second Sight Medical Products, Sylmar, CA, USA, Second
3
Sight Medical Products, Lausanne, Switzerland, Johns
4
Hopkins University, Baltimore, MD, Salus University, Elkins
Park, PA, USA

Results: Morphometric analysis of retinal damage 7 days
after KA-injection showed significant cell loss in the inner
nuclear layer and inner plexiform layer, but not in the outer
nuclear layer. Strikingly, in juvenile retina (after end of
embryonic retinogenesis), but not adult, we observed
vascular tufts across the retina (51 ±9 SEM tufts per retina,
N=4). Control injections of PBS (up to daily injections at 4
subsequent days) did not induce vascular tufts. Meanwhile,
many Brdu-positive cells (elongated shape) were visualized
in vascular tufts.

As visual prostheses become commercially available, there
is a need for tools to assess the impact of treatments on
patients' functional vision and quality of life. There are few
standardized assessments suitable for the severely visually
impaired populations served by these new treatments.
To fill this need, we developed the Functional Low-vision
Observer Rated Assessment (FLORA). The FLORA is a
subjective assessment intended to be performed by trained
low-vision rehabilitation specialists (e.g., Orientation and
Mobility Specialists or Low Vision Therapists). It comprises
three parts: an in-depth interview with the prosthesis subject,
observer-rated functional vision tasks performed with the
Argus II System ON and OFF, and a final case report that
summarizes the assessor's conclusions about the impact of
the system on the subject's life.

Conclusion: We observed induction of pathologic vascular
sprouting after KA-induced neurotoxic damage in juvenile
retina. Our results suggest that neuronal loss might lead to
vascular pathology. It will be interesting to compare our
observations to the retinopathy of prematurity (ROP) mouse
model.

Twenty-six subjects who were taking part in a worldwide
clinical trial of the Argus II Retinal Prosthesis System were
evaluated with the FLORA. The final case reports were

COI/Financial disclosure: Nothing to disclose
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(RP) and Diabetic Retinopathy (DR). In the current study, we
aimed to evaluate the mechanism of the outer BRB
degeneration in the oxygen-induced (hyperoxia) form of
photoreceptor degeneration, and to determine whether
pretreatment with 670nm red light can mitigate this process.

QUANTIFICATION OF RETINAL THICKNESS
FOLLOWING IMPLANTATION OF ACELLULAR
ULTRATHIN POLYESTER CELL CARRIERS IN A RABBIT
MODEL USING SD-OCT AND HISTOLOGY
1

2

3

1

Methods: Adult C57BL/6J mice (n=10/group) were exposed
2
to 9J/cm of 670nm light daily for 5 consecutive days prior to
being placed in 75% oxygen (hyperoxia) and retinas were
collected at 0d, 10 and 14d. Control groups were exposed to
hyperoxia but received no 670nm light pretreatment. Retinas
were collected after and prepared either for histological
analysis, or RNA extraction and quantitative (q) RT-PCR.
Cell death was assessed using TUNEL labelling. The
changes in the expression of genes and proteins specific to
the outer BRB tight junctions and inflammatory processes
were assessed using immunohistochemistry and quantitative
RT-PCR analyses.
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Background: A potential treatment for age-related macular
degeneration is subretinal transplantation of cultured cells on
a cell carrier. Here we studied the implantation of an FDAapproved material, porous polyester (PET), previously
shown to support RPE differentiation, in a rabbit model using
SD-OCT and histology.

Results: Evidence of outer BRB breakdown was identified in
hyperoxic animals at 10 and 14 days. TUNEL+
photoreceptors and RPE cells and infiltration of
macrophages were observed in the subretinal space of the
non-treated animals. In this group, the immunoreactivity of
the tight junction protein was reduced and expression of the
BRB-related rpe65, and timp3 genes was downregulated. In
retinas pretreated with 670nm light, these effects were also
observed, but with less severe changes compared to the
non-treated group (p< 0.05).

Methods: Biostable, acellular PET membranes of standard
size (2.4x 1.1x 0.01mm) were implanted into the subretinal
space following a core-vitrectomy and bleb retinal
detachment (RD) in a series of 17 female, 2-2.5kg
Chinchilla-Bastard rabbits. They were followed up on days 3,
7 and 14 with rabbit eye re-calibrated SD-OCT (Spectralis,
Heidelberg Engineering). The animals were perfusion fixed 2
weeks postOP. Samples were embedded in Epon 812, cut
semithin and stained using toluidine blue. Analysis of retinal
thickness above and adjacent to PET implants was
performed using relevant software followed by statistical
analysis.

Conclusion: Exposure of the retina to hyperoxia causes
breakdown of the outer BRB and the ensuing damages were
ameliorated by pretreatment with 670nm light.
COI/Financial disclosure: Nothing to disclose

Results: PET could be implanted in the subretinal space
using a custom-made shooter instrument. The overlying
neural retina re-attached by 3-7 days using SD-OCT. The
area around the implant showed significant subretinal
scarring and ONL atrophy, but continuous inner retinal layers
were maintained. By contrast, controls with bleb RDs only
(n=4), showed near normal retinal layering. No inflammatory
cells were observed around the PET in semithin sections.
Comparison of quantified layer thickness in areas above and
adjacent to the implant showed no difference at 3 days, but
atrophy above the implant was observed at 7 and 14 days.
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DEVELOPMENT OF THE FOVEA AND VISUAL
RESOLUTION IN THE TROPICAL SEAHORSE
(HIPPOCAMPUS TAENIOPTERUS)
1,2

H.R. Lee , K. Bumsted-O'Brien
1

Australian National University, ARC Centre of Excellence in
Vision Science, Canberra, ACT, Australia
Seahorses are visually guided feeders requiring high
resolution vision to prey upon small, fast moving
crustaceans. They possess a convexiclivate fovea
characterized by a rod-free depression. In this study, we
analyzed the developmental changes in the morphology of
the fovea and rod-free zone, cell density and reactive
distance, a behavioral measure of visual resolution. Five age
groups of tropical H. taeniopterus seahorses were analyzed
(Group1=6 cm, n=6; Group2=8 cm, n=5; Group3=10 cm,
n=5, Group4=12 cm, n=5; and Group5=15 cm in length,
n=10). Following reactive distance measurements, BrdU was
injected intravetreally. Eyes were processed for frozen
sections or flat-mounted. Wholemounts were stained with
propidium iodide and immunolabeled with either Ret-P1, a
rod opsin marker or an anti-BrdU antibody. Photoreceptor
and ganglion cell densities were determined and topography
maps constructed. Cell death was examined using a TUNEL
assay on frozen sections. Morphologically, the depression of
the fovea enlarged as the fish grows. The area of rod-free
zone increased in size with age. This was achieved by the
addition of new cells centrally as well as some death of rod
photoreceptors. The average peak photoreceptor cell density
2
increased during development from 221,200 cells/mm
2
(Group1) to 298,250 cells/mm (Group5), whereas the
average peak ganglion cell densities decreased from 69,800
2
2
cells/mm to 50,000 cells/mm . Both the theoretical and the
behavioral limits of visual resolution decreased with age,
which means that bigger fish were able to detect the same

Conclusions: PET substrates can be implanted safely into
the subretinal space and are tolerated over 2 weeks. Outer
retinal atrophy above the implant area is observed, as had
been described by others. Co-transplantation of RPE
cultured on these substrates is ongoing.
Acknowledgements: A private charity, Foundation for the
Prevention of Blindness, Ruediger Foundation; Gerok/
BONFOR; State Scholarship Fund/China Scholarship
Council 2008627116
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EFFECTS OF 670NM LIGHT ON THE BLOOD RETINAL
BARRIER OF A MURINE MODEL OF OXYGEN-INDUCED
RETINAL DEGENERATION
1,2

1,2,3
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3
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Purpose: The breakdown of the outer blood-retinal barrier
(BRB) is a common feature of retinal dystrophies including
Age Macular Degeneration (AMD), Retinitis Pigmentosa
266

sized prey at a greater distance. H. taeniopterus fovea
development is similar to that of other foveate teleost retinas
in that there is a decrease in foveal ganglion cell densities
with age. Total foveal photoreceptor densities increase as
the fish grows. Addition of new cells as well as cell death is
likely to play a role in the establishment of the adult rod free
zone.

exposure. One week after light exposure, the retinas were
whole-mounted and immunoreacted for S- and L/M-opsin.
Total numbers of S- and L/M cones were counted
automatically to determine their densities and retinal
distribution. The left retinas showed a small circular area of
maximal phototoxicity that lacked S- and L-opsin
immunofluorescence in the inferotemporal retinal quadrant at
approximately 1.3 mm from the optic disc. The diameter of
this area was significantly larger for S than for L/M cones
(Mann-Whitney-test, p≤0.0002) and in the vehicle than in the
BMD-treated group (Mann-Whitney-test, p≤0.0002). The
numbers of S- or L/M-cones were counted within a circular
area (radius: 1.3 or 1 mm) centred on the lesion in the left
retinas or in a corresponding region in the right retinas. The
2
mean densities (cells/mm ±SD) of S- and L/M-cones were
31±34 (n=8) and 902±518 (n=8) in the left retinas and
579±210 (n=7) and 3,307±2,082 (n=8) in the right retinas of
the vehicle-treated group and 126±57 (n=8) and 1,455±438
(n=8) in the left retinas and 618±166 (n=8) and 3,590±874
(n=8) in the right retinas of the BMD-treated group. There
were significantly greater densities of surviving S- and L/Mcones in the BMD- than in the vehicle-treated group (MannWhitney-test, p≤0.02). We conclude that LED-induced
phototoxicity results in localized photoreceptor damage that
may be partially prevented with topical application of BMD.
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GENE EXPRESSION ANALYSIS OF NUCLEAR GENES
FROM COMPLEX I IN LHON PATIENTS FROM IRAN
Z. Rezvani, M. Houshmand
Medical Genetic, National Institute of Genetic Engineering &
Biotech, Tehran, Iran
Leber's hereditary optic neuropathy (LHON) is an optic nerve
dysfunction by mutations in the mitochondrial DNA (mtDNA)
which is transmitted in a maternal pattern. Mutations in
complex I genes account for 50%-90% of LHON pedigrees
in different ethnic pedigrees.
Complex I (NADH : ubiquinone oxidoreductase) is the
largest multimeric enzyme complex of the mitochondrial
respiratory chain, which is responsible for electron transport
and the generation of a proton gradient across the
mitochondrial inner membrane to drive ATP production.
Mammalian complex I comprised of 45 subunits, 38 of which
are encoded by nuclear genes and seven by mitochondrial
(mt)DNA.
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and; an unrestricted research grant from Allergan Inc.
P239

In the present study we investigated gene expression of
some nuclear genes from complex I in LHON patients
without mutations in MT-ND genes. Blood samples were
obtained from 10 LHON patients without mutations in MT-ND
genes .To evaluate the expression of selected genes, RNA
extraction, cDNA synthesis and quantitative polymerase
chain reaction (Real Time PCR) were performed.

AUTO AND ALLOGRAFTS OF LARVAL EYE NODES
GENERATE FUNCTIONAL PHOTORECEPTORS AND A
VIABLE EYE IN THE PLEURODELES
1

1

M. Tarraf , J.P. Faure , M. Mirshahi
1

2

2

CNRS, Oncology, UMRS 872, Paris, France

Aim: Generation of a functional ectopic eye in amphibians.

There was a significant decrease in mRNA expression of
NDUFA4 and NDUFC2 compared to the levels observed in
the normal control.

Materials and methods: The fertilized eggs of the
pleurodeles waltalii were selected. In neurula stage (14-17),
the embryos were extracted (n=2200) and preserved on the
chorionic membrane in operatory medium. We carried out
three kinds of eye node grafts (ENG) on body of embryosauto graft, allograft and auto and allo- semi-ENG. The
grafted embryos conserved on the vitellus for growing up to
stage 35-36 in growth medium and nourished until stage 5056 (achievement of metamorphosis).Normal and ectopic
eyes nodes were dissected at different stage and fixed for
anatomopathological studies. Functionality of photoreceptors
were tested using anti arrestin and anti rhodopsin antibodies
in dark and light condition according a method described by
Mirshahi et al (Eur J Cell Biol. 1994).

A variation in expression of these genes could be
characteristic for assembly of complex I subunits. In the
future we investigate mutations of these genes to find new
mutations for LHON.
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PHOTOTOXICITY INDUCED BY A SINGLE LED
EMITTING DIODE (LED) RESULTS IN FOCAL LOSS OF
S- AND L/M-CONES. NEUROPROTECTION WITH
BRIMONIDINE

Results: From 2200 grafts, 138 were carefully analyzed.
Rate of success was 90% for autografts and 80% for
allografts. In normal and ectopic eyes after autograft, retinal
pigmented epithelium cells, rhodopsin and arrestin
immunoreactivity appeared at stage 26-27. External
segment of photoreceptor was distinguishable at stage 3132. Complete differentiation of retina occured at stage 32-34.
Retinal ganglion cells generated the optic nerve without
connection to central nerve system. In dark and light,
immunohislological analysis of retina from normal and
grafted eyes showed the same kinetics in intracellular
transmigration for arrestin in photoreceptor cells suggesting
their functionality. In allografts, after 5-6 weeks, some of
ENG degenerated while others persisted for 6 to 36 months.

A. Ortin-Martinez, F.J. Valiente-Soriano, D. Garcia-Ayuso, L.
Alarcon-Martinez, M. Jimenez-Lopez, J.M. Bernal-Garro, L.
Nieto-Lopez, M.P. Villegas-Perez, M. Vidal-Sanz
Ophthalmology, University of Murcia, Murcia, Spain
In adult SD rats we have investigated the effects of light
emitting diode (LED) toxicity on S- and L/M- cones, and the
neuroprotective effects of Brimonidine (BMD). Rats were
dark-adapted, anesthetized and their left pupil dilated. A 10V
blue LED was placed at 1mm from the left cornea for
photoexposition (400 lux, 60 secs). The left eyes received
two 5µl drops of saline (vehicle) or saline containing 1%
BMD every 12 hours, starting one day prior to LED-
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In the semi eye node grafts each ENG could produce 2 eyes
but some of them were devoid crystalline.

C. Chiba, A. Mizuno, H. Yasumuro, W. Inami, M.R. Islam, T.
Yoshikawa, M.M. Casco-Robles

Conclusion: In the ectopic eyes, the photoreceptors
responded to dark and light and retina was able to emit via
an optic nerve. The ectopic eye may be a model for physiopharmacological studies in experimental ophthalmology.

University of Tsukuba, Tsukuba, Japan
Newts have the capacity, throughout their life time, to
regenerate their entire retina through proliferation and
transdifferentiation of the retinal pigment epithelium (RPE)
cells. Upon surgical removal of the neural retina (NR), RPE
cells undergo a remodeling process that is similar to that
taking place in the epithelial-mesenchymal transition (EMT)
observed in human proliferative vitreo retinopathy (PVR),
where cells lie on each other's surface to form a
layer/aggregate a few cells thick possibly due to their
migration and/or shrinkage of the vitreous chamber. In the
newt, however, the cells become mitotically active during this
process, and then generate a bilayer of cells consisting of
progenitor cells of the NR and the RPE. The cells of the
inner cell-layer facing the vitreous cavity continue to
proliferate, produce various types of retinal neurons and glia
to form a visual circuitry, and finally regenerate a new
functional NR, while those of the outer cell-layer along
Bruch's membrane exit the cell-cycle earlier and differentiate
to renew the RPE cell-layer. Our current research focus is on
the cellular mechanisms and molecular pathways underlying
the dedifferentiation or reprogramming of the RPE cells and
patterning of the RPE-derived stem-like cells into the NRand RPE-progenitor layers, while developing gene
manipulation techniques for functional analysis of this
regeneration model. Here we present evidence suggesting
that immediate early activation of MEK-ERK-mediated
intracellular signaling and the EMT process, or relieving cells
from contact inhibition, may be required for mitotically
quiescent adult newt RPE cells to reenter the cell-cycle
following injury of the NR, whereas the expression of
canonical Pax6, a retinal stem/progenitor marker, is unlikely
to be dependent on this early MEK-ERK signaling. In
addition, here we propose a transgenic strategy to uncover
the mechanism of retinal regeneration in adult newts.
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IDENTIFICATION OF LARGE GENOMIC DELETIONS
INVOLVING THE USH2A GENE IN USHER SYNDROME
TYPE II PATIENTS
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Introduction: Usher Syndrome type II (USH2) is an
autosomal recessive disorder, characterized by moderate to
severe hearing loss and a progressive visual impairment due
to retinitis pigmentosa (RP). Among the three genes
implicated, mutations in the USH2A gene account for 7580% of the USH2 cases.
Patients and methods: Fifty-seven unrelated Spanish
patients suffering from Usher syndrome type II were
screened using the P361-A1/P362-A1 kit, developed by
“MRC Holland” for the detection of deletions/duplications
within the USH2A gene using the MLPA technique. These
patients had previously been discarded for the presence of
point mutations or were carriers of only one heterozygous
point mutation in the USH2A gene.
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Results: As a result, three large novel deletions were
identified in three different patients:
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-One heterozygous deletion involving exons 1-4 in a patient
with the previously identified mutation p.R2723X.

®

IRAY STEREOTACTIC RADIOSURGERY IN THE
TREATMENT OF WET AGE-RELATED MACULAR
DEGENERATION (AMD): THE INTREPID TRIAL DESIGN

-One heterozygous deletion involving exons 22-29 in a
patient with the previously identified mutation p.C759F.

D.M. Moshfeghi
-One homozygous deletion involving exons 5-13 in a patient
with no previously identified mutation.

Department of Ophthalmology, Stanford University School of
Medicine, Palo Alto, CA, USA

Conclusions: The MLPA technique is an efficient method
for the screening of genomic rearrangements within the
USH2A gene.

Background: AMD is the most common irreversible cause
of blindness within the developed world. Exudative AMD with
choroidal neovascular membranes (CNV) accounts for 1020% of all cases and is associated with blood, fluid, and
central vision distortion. Intravitreal injection with vascular
endothelial growth factor inhibitors (anti-VEGF) results in
good anatomic and functional results with significant
drawbacks: 8-12 treatments/year, risk of endophthalmitis,
IOP elevations, and high cost. It also poses significant
treatment burden for the elderly patient population and
doctors. Evidence suggests external beam radiation is a
useful adjunct treatment. It attenuates acute and delayed
inflammatory response and subsequent CNV reactivation,
inhibits the rapid formation of fibroblasts after treatment, and
induces endothelial cell death.

However, additional studies are necessary to narrow down
the breakpoints of the deletions detected.
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MEK-ERK SIGNALING IN ADULT NEWT RETINAL
PIGMENT EPITHELIUM CELLS IS UP-REGULATED
IMMEDIATELY AFTER SURGICAL INDUCTION OF
RETINAL REGENERATION

Study Design: INTREPID is a double-masked, sham268

controlled, dose-ranging multicenter clinical trial in which 226
patients were randomized (2:1:2:1) to 16 Gy IRay + PRN
ranibizumab, Sham 16 Gy IRay + PRN ranibizumab, 24 Gy
IRay + PRN ranibizumab, or Sham 24 Gy IRay + PRN
ranibizumab. Primary endpoint is the number of ranibizumab
injections during year 1. The 2 sham groups will be pooled
for all analyses.

Cambridge, 133 cases recruited in Scotland and 264 cases
recruited in Nijmegen, Holland, for comparison to controls
4
from the WTCC and a Dutch study. This second-stage
analysis led to significant associations that are currently
tested for replication in further independent, English and
Croatian, samples.
COI/Financial disclosure: Nothing to disclose

Technique: The IRay System is an outpatient radiotherapy
platform delivering stereotactic low-energy X-rays to the
retina for the treatment of CNV secondary to AMD. It is used
as an adjunct to anti-VEGF injections. Patients received
ranibizumab at Day 0 followed by X-ray radiation between
Days 1-14. PRN ranibizumab injections were performed
monthly for the following predetermined criteria: 1) increase
in ≥100 microns in retinal thickness on OCT, 2) decrease in
vision of >5 letters, 3) new subretinal hemorrhage.
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AP-811, A SELECTIVE NPR-C RECEPTOR AGONIST,
DECREASES INTRAOCULAR PRESSURE IN RABBITS
T. Fukazawa, Y. Asai, S. Shirae, N. Odani-Kawabata, A.
Shimazaki, M. Nakamura
Research and Development Center, Santen Pharmaceutical
Co., Ltd., Ikoma-shi, Japan

Conclusions: Despite efficacy with anti-VEGF therapy,
there remains unmet therapeutic need for patients with wet
AMD. The IRay System may decrease the requirement for
frequent retreatments, lower risk of endophthalmitis and
elevated IOP associated with intravitreal injections, and
lower treatment costs.

Purpose: To evaluate the potential of AP-811, a selective
natriuretic peptide receptor-C (NPR-C) agonist, as a
candidate for ocular hypotensive agent, we evaluate the
effect of AP-811 on intraocular pressure (IOP) in ocular
normotensive rabbits.

COI/Financial disclosure: D.M. Moshfeghi is a consultant
and has equity at Oraya Therapeutics, Inc.

Methods: IOP was measured after intracameral injection or
-5
topical administration of AP-811. Twenty µL of vehicle, 10 ,
-4
-3
10 or 10 M AP-811 was intracamerally injected into the
one eye in each rabbit. The IOP was measured before and
2, 4, 6 hours after administration with tonometer, or
telemetory system. Histological evaluation was performed on
the eyes that were enucleated 3 hours after injection of
-3
vehicle or 10 M AP-811. Fifty µL of vehicle, 1 or 4% AP-811
was topically administered into the one eye in each rabbit.
The IOP was measured four times a day, 2, 4, 6, 8 hours
after instillation.
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GENOME-WIDE GENETIC ASSOCIATION STUDY OF
PRIMARY RETINAL DETACHMENT
1

2

2

3

4

M. Kirin , A. Chandra , D. Charteris , M. Snead , B. Fleck , J.
4
5
5
6
Singh , A. den Hollander , C. Hoyng , A. Wright , H.
1
6
1
Campbell , V. Vitart , D. Mitry
1

Centre for Population Health Sciences, University of
2
Edinburgh, Edinburgh, Moorfield's Eye Hospital, London,
3
4
Addenbrooke's Hospital, Cambridge, Princess Alexandra
5
Eye Pavilion, Edinburgh, UK, Radboud University Nijmegen
6
Medical Centre, Nijmegen, The Netherlands, MRC Human
Genetics Unit,IGMM, University of Edinburgh, Edinburgh, UK

Results: Intracameral injection of AP-811 lowered IOP in
-4
-3
dose-dependent manner, and the effect of 10 and 10 M
AP-811 was statistically significant. The maximal IOP
-5
-4
-3
reduction in 10 , 10 or 10 M AP-811 treated group was 2.9, -4.9 or -7.4 mmHg subtracted from vehicle treated
-3
group, respectively. The ocular hypotensive effect of 10 M
AP-811 was detected 2 hours after single intracameral
injection, and sustained for 72 hours. No histological
damage in ciliary body and trabecular meshwork was
observed. Ocular instillation of AP-811 also significantly
lowered IOP. The maximal IOP reduction in both 1 and 4%
AP-811 treated group was -2.9 mmHg subtracted from
vehicle treated group.

Rhegmatogenous retinal detachment (RRD) is a pathology
caused by the separation of the neurosensory retina from
the retinal pigment epithelium. It accounts for up to 4% of the
1
blind and partial sight registrations in Ireland . The Scottish
RRD study is, with over 1200 participants, one of the largest
prospectively recruited studies of primary RRD in published
2
literature . In this study, the risk of having an affected sibling
with RRD (λs) increased 2-fold given that a sibling has had
3
the condition , substantiating a genetic component.
However, the individual genetic risk variants remain
unknown.

Conclusions: AP-811, a selective NPR-C agonist, showed
an ocular hypotensive effect with no signs of histological
damage. Therefore, our results indicate that NPR-C agonists
could be a candidate therapeutic for glaucoma.

We report the first large-scale genome-wide association
study for RRD. In a first (discovery) stage, 870 Scottish RRD
cases that were successfully genotyped using the Illumina
CNV370v3 Quad genotyping array and passed qualitycontrol checks were compared to 1,968 ethnicity matched
Scottish controls that were previously genotyped in an
unrelated study. No validated variant reached the genomewide significance threshold at this stage, indicating that the
variants followed-up are unlikely to have individually a large
effect on risk.
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FAILURE OF OUTER SEGMENT MORPHOGENESIS
UNDERLIES INHERITED BLINDNESS IN THE RAIFTEIRÍ
MUTANT
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In a second-stage, we genotyped the most statistically
significant 4541 SNPs (~1%) from the first stage as well as
1,440 SNPs chosen to tag 19 candidate genes (versican,
OPTC, LAMC1, LAMB1, LAMA1, KCNJ13, HAS1, HAPLN1,
FZD4, FN1, FBN1, CSPG2, COL9A1, COL6A1, COL4A4,
COL2A1, COL8A1, COL11A1, COL11A2). These SNPs
were genotyped in 1,073 new cases which comprised 459
cases recruited in London, 217 cases recruited in

1

School of Biomolecular and Biomedical Sciences, University
2
College Dublin, Dublin, Ireland, Chemical Biology &
Therapeutics, St. Jude Children's Research Hospital,
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This study has characterised the basis of the inherited visual
function defect in the Raifteirí zebrafish mutant.

We performed linkage analysis in a Tunisian family with NHS
in which affected males and obligate carrier female share a
common haplotype in the Xp22.32-p11.21 region that
contains the NHS gene. Direct sequencing of NHS coding
exons and flanking intronic sequences allowed us to identify
the first missense mutation (P551S), a reported SNPpolymorphism (L1319F) in exon 6, a reported UTR-SNP
(c.7422 C>T) and a novel one (c.8239 T>A) in exon 8. Both
variations P551S and c.8239 T>A segregate with NHS
phenotype in this family.

Optokinetic response (OKR) screens were performed on Nethyl-N-nitrosourea (ENU)-mutagenised zebrafish at 5 days
post fertilisation (dpf) to identify fish with recessive defects in
the development of visual function. Retinal differentiation
and lamination was characterised by light microscopy and
immunohistochemistry of retinal sections using cell-specific
markers. Cell death levels were determined by Tunel
labelling. Circadian locomotion and shadow-response
behaviours were ascertained using Zebralab (Viewpoint
Zebrafish Tracking System). Retinal electrophysiology was
assessed and the mutation mapped.

Then we carried out a genome wide scan for four Tunisian
families with autosomal recessive congenital cataract,
mental retardation and microcephaly, a non specific
syndrome, and homozygous regions were identified,
sequencing analysis was performed for five genes: TDRD7,
CRYAB, HSPB1, Prox2 and Six4 and polymorphisms that
did not segregate with the studied phenotypes were
identified.

A novel mutant designated Raifteirí (raf) was identified by
OKR screens of ENU-mutagenised zebrafish. Raf mutants
are OKR-negative and paler with slightly smaller eyes than
normal siblings. Light microscopy and DAPI staining show
rafs to have normal retinal lamination. Staining of the inner
retina suggests that amacrine and ganglion cell
differentiation is equivalent in siblings and rafs. Staining of
photoreceptors appears to be reduced overall in rafs. Light
and electron microscopy data suggest failure of outer
segment morphogenesis in raf photoreceptors. The
locomotor activity levels of raf mutants are ~50% of normal
siblings with rafs exhibiting circadian behaviour and a
shadow response. No difference in levels of cell death is
observed between mutants and siblings. Rafs lack an
electrophysiological response (electroretinogram) to light.
The mutation has been mapped to zebrafish linkage group
23.
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VEP IN PRIMARY OPEN ANGLE GLAUCOMA

We have identified and partially characterised a novel
zebrafish model of inherited blindness. Our results suggest
that specific defects in raf outer retinal morphology underlie
loss of visual function. This is most likely due to failure of the
photoreceptors to develop in a normal manner, reminiscent
of the human recessive blindness Leber congenital
amarousis.

1

1

CONGENITAL CATARACT AND MENTAL RETARDATION
IN TUNISIAN FAMILIES: X-LINKED AND AUTOSOMAL
RECESSIVE INHERITANCE WITH MOLECULAR
ANALYSIS
1

2

2

2

2

Background: Visual evoked potentials (VEPs) assess the
integrity of the visual pathways from the optic nerve to the
occipital cortex. Primary open angle glaucoma is bilateral
condition with optic atrophy and visual field defect. Optic disc
cupping and visual field loss have been associated with
prolongation of latency of VEP. Therefore, we studied the
ocular glaucomatous damage and VEP abnormalities.
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Objectives: To study VEPs and ophthalmic variables in
primary open angle glaucoma (POAG).
Methods: Pattern reversal and flash VEP tests were done in
consenting 20 primary open angle glaucoma eyes and 40
normal control eyes in Electrodiagnosis Lab II at BPKIHS.
Statistical tests (paired t-test and Mann-Whitney test) were
applied depending on distribution of observations.
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Results: In POAG cases the refractive error [3.51±1.88 vs.
1.88±1.11, D, p=0.001], cup disc ratio in percent
[66.00±16.98 vs. 28.50±5.80, p=0.000], intraocular pressure
[19.55±2.08 vs. 11.65±1.64, mmHg, p=0.000] and
automated visual field pattern standard deviation [4.13±6.96
vs. 1.64±0.45, dB, p=0.000] were significantly more than in
control. The visual acuity [0.41±0.29 vs. 1.00±0.00,
p=0.000], foveal visual sensitivity [25.92±6.88 vs.
33.48±1.75, dB, p=0.000] and automated visual field mean
deviation [-9.63±10.58 vs. 0.07±1.54, dB, p=0.000] were
significantly less in cases than in control. Among VEP
variables pattern reversal latency N145 [149.00±15.75 vs.
137.52±15.20, ms, p=0.011], flash amplitude N75 [2.18±.57
vs. 1.47±.38, µV, p=0.000] and flash amplitude N145
[1.99±.39 vs. 1.43±.38, µV, p=0.000] were increased in
cases. The pattern reversal amplitude N75 [1.97±.35 vs.
2.47±.58, µV, p=0.001], amplitude P100 [3.09±.46 vs.
6.07±1.44, µV, p=0.000] and amplitude N145 [2.21±.58 vs.
4.45±1.99, µV, p=0.000] were decreased in cases.

Congenital cataract is an opacity of the crystalline that
shows considerable clinical and locus heterogeneity and
represent one of the major causes of vision loss world-wide.
Cataracts can be isolated or can occur in association with a
large number of different metabolic diseases or genetic
syndromes. For the X linked inheritance, only one gene
(NHS) has been involved in the X-linked cataract-dental
syndrome (NHS), characterized by bilateral congenital
cataracts, dental anomalies, craniofacial abnormalities and,
in some cases, mental retardation. However more than 20
autosomal genes have been implicated in human congenital
cataract both in autosomal dominant and autosomal
recessive inheritance. The inheritance variation is strongly
linked to mutations positions, examples on HSF4 and
CRYAB. In fact, most autosomal recessive genes are
expressed early during embryonic life.
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1

Conclusion: POAG caused deterioration in all the
ophthalmic variables measured with increase in latency of
N145. The amplitude is different between pattern reversal
and flash methods.

Objective: To investigate the retinal histopathological
changes by labeling populations of retinal ganglion cells
(RGCs) with horseradish peroxidase and HE staining on
APP/PS1 transgenic mice aged 10 month.
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Methods: RGCs were traced by applying horseradish
peroxidase on the superior colliculi on APP/PS1 transgenic
mice. After 48 houses, the retinas were dissected. The left
eye retinas were treated with paraffin-embedded , mode
slices, stained with HE to bserve the retinal neurons
changes. The right eye retinas were treated with DAB to
count RGCs.
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PROLIFERATIVE CAPACITY OF THE HUMAN
CONJUNCTIVA
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Results: Compared with the control group, the cells in
retinal ganglion layer in model group are significantly
reduced (p< 0.01), cells have not obviously decreased in
Inner and outer nuclear layer (p>0.05) on APP/PS1
transgenic mice.
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Purpose: Reconstruction of the ocular surface in severe
conjunctival disease could be achieved by the ex-vivo
expansion and transplantation of conjunctival epithelium. To
obtain optimal results conjunctival biopsies with the highest
concentration of stem cells (and thus greatest proliferative
potential) must be obtained. This study sought to determine
whether area of the human conjunctiva, donor age or post
mortem retrieval time (PMRT) affected growth capacity in
vitro.

Conclusion: Our results imply that ganglion cell loss is the
Major hispathological changes on APP/PS1 transgenic mice.
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ANALYSIS OF SUPRATHRESHOLD SELECTIVE LASER
TRABECULOPLASTY EFFICIENCY IN PATIENTS WITH
PRIMARY OPEN-ANGLE GLAUCOMA

Methods: Whole human cadaveric conjunctiva was obtained
from 8 donors, aged 22-90 (mean 75.5) years, with PMRTs
of 9-24 (mean 18.25) hours. Conjunctiva was divided into 8
areas: superior tarsal, superior fornix, superior bulbar,
inferior tarsal, inferior fornix, inferior bulbar, medial canthus
and lateral canthus. Cultures were supported by an
inactivated 3T3 feeder layer and proliferative potential
assessed by colony forming efficiency (CFE) assay and
immunocytochemistry of putative stem cell (SC) markers
(P63ΔN, ABCG2, Hsp70).

S. Balalin, V. Fokin
S.Fyodorov Eye Microsurgery Federal State Institution
Volgograd Branch, Volgograd, Russia
Purpose: To evaluate efficiency and safety of
suprathreshold selective laser trabeculoplasty (SLT) in
patients with POAG.

Results: CFE assays demonstrated differential proliferative
capacity across the conjunctiva with highest levels in the
medial canthus (p< 0.001). Higher CFE was shown in the
fornices than bulbar than tarsal areas (p< 0.001), and in
inferior compared to superior areas (p< 0.01).
Immunocytochemical staining supported these findings with
equivalent patterns of staining for SC markers across the
different areas. Although younger donor age was associated
with higher CFE (p< 0.05), shorter PMRT was of greater
significance (p< 0.001).

Materials and methods: Supra-threshold SLT was
performed in patients with POAG. Surgical efficiency was
estimated by the criterion of target IOP attainment. Standard
ophthalmologic examination, gonioscopy, tonometry were
carried out before surgery and in a week and 1 month, 6
months and 12 months postoperatively.
Results: 95 patients (95 eyes) with POAG underwent the
surgery. Average age was 70±5,2 years. Initial glaucoma
was diagnosed in 47 eyes (49,4%), moderate - in 24 eyes
(25,3%) and advanced - in 24 eyes (25,3%). In 72 patients
(76,6%) target IOP level was achieved. Six months
postoperatively no deterioration of visual field was detected
in all 72 patients of this group. In a year their visual functions
remained stable. Stabilization of glaucoma process was
observed in 42 (89, 4%) eyes with early glaucoma, in 17 (70,
8%) eyes with moderate glaucoma and in 13 (54,2%) cases
of advanced glaucoma. In 14 patients (14 eyes) with early
glaucoma hypotensive antiglaucoma treatment was
discontinued in a month after the surgery. Hypotensive
action was the most expressed in patients with early stage of
glaucoma.

Conclusions: There is a consistent pattern of proliferative
capacity across the human conjunctiva with significantly
highest levels in the medial canthus and inferior fornix.
Younger donor age and particularly shorter PMRT are
associated with significantly higher proliferation. This
knowledge guides optimal biopsy sites for ex-vivo
conjunctival expansion and transplantation.
Acknowledgements: Funding from Guide Dogs for the
Blind Association. NHS Blood and Transplant for obtaining
research consent.
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Conclusion: Suprathreshold SLT showed its efficiency and
safety in patients with POAG.
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RETINAL NEURO-DEGENERATION OF ALZHEIMER'S
DISEASE MOUSE MODEL: GANGLION CELL LOSS IS
THE MAJOR HISPATHOLOGICAL CHANGES ON
APP/PS1 TRANSGENIC MICE
1
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GENE EXPRESSION ANALYSIS OF KEY REGULATORS
OF CHICK EMBRYO RETINAL GANGLION CELL (RGC)
PROGRAMMED CELL DEATH

2
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diabetic nephropathy, use of insulin treatment, macular
oedema, Mayombian ethnic group and vegetables low intake
were the independent risk factors of blindness in all
diabetics. However, in the sub-group with diabetic
retinopathy, only open angle glaucoma and proliferative
diabetic retinopathy were the independent determinants of
blindness.

Zoology Department, Trinity College Dublin, Dublin, Ireland
Apoptosis, a type of programmed cell death (PCD), is crucial
during neuronal development, but also contributes to
progression of neurodegenerative diseases; such as
glaucoma and ischemic optic neuropathy (ION). Key
regulators of apoptosis include two groups of proteins:
caspases (pro-apoptotic) and inhibitors of apoptosis (IAPs)
(anti-apoptotic). We hypothesise that these factors have a
role in apoptosis and/or differentiation in the retinal ganglion
cells (RGCs) of the developing chick retina. This study aims
to understand the intrinsic molecular pathway of
programmed cell death of RGCs during embryonic retinal
development using chick embryos as a model system. By
using both semi-quantitative PCR and the Real-Time PCR
(RT-PCR) techniques, the differential expression profiles of
five inhibitors of apoptosis (IAPs): Birc-2, Birc-4, Birc-5, Birc6 and Birc-7 and nine of the known caspases: Casp-1, Casp2, Casp-3, Casp-6, Casp-7, Casp-8, Casp-9, Casp-10 and
Casp-17 were obtained for ten embryonic stages between
embryonic (E) 4 and E 16 for the whole retina. All of these
genes were expressed differentially in the retina throughout
the designated stages, and their expression reflected the two
known waves of cell death (early and late) in the
development of the vertebrate retina, except for Birc-5 which
exhibited one peak of expression. These data suggest
different roles for each of these factors in the cell
death/survival mechanisms. Further analysis is needed to
profile expression in the RGC layer specifically, and to
characterise the spatio-temporal pattern of this expression.
These studies pave the way for further functional studies
both in vitro and in ovo.

Conclusion: The majority of the causes of blindness in
these diabetic Africans are avoidable. It is recommended
that appropriate diabetes care, nutrition education, periodic
eye examination and laser photocoagulation facilities be
provided for treating diabetics in sub-Saharan Africa.
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ANALYSES OF VOLTAGE-GATED ION CHANNELS IN
PHOTORECEPTORS AND BIPOLAR CELLS IN THE
HUMAN RETINA
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2

The photoreceptors and retinal bipolar cells in the vertebrate
retina were considered non-spiking neurons. However, we
showed that human photoreceptors can generate sodium
action potentials in response to membrane depolarization.
And several laboratories reported that voltage-gated sodium
currents were recorded in the mammalian, amphibian and
fish retinal bipolar cells. In this study, we performed
molecular biological and physiological analyses to confirm
the presence of the sodium channel in photoreceptors and
bipolar cell in the human retina. The SCN2A, the type II
sodium channel transcript, was observed in photoreceptors
and bipolar cells by single-cell RT-PCR analysis. And under
voltage-clamp conditions, depolarizing voltage steps induced
fast transient inward currents, which were inactivated within
5 ms and blocked by a voltage-gated sodium channel
blocker tetrodotoxin, in several bipolar cells, as well as rods
and cones. These results indicate that human
photoreceptors and bipolar cells express voltage-gated
sodium channels and that the sodium channels may serve to
amplify the release of the neurotransmitter when membrane
potential is depolarized. We also observed the
hyperpolarization-activated current, the h current (Ih), in
human rods. Dopamine reversibly decreased the amplitude
of the Ih induced by hyperpolarizing voltage steps. The D2
dopamine agonist inhibited Ih, but the D1 agonist had no
effect. Dopamine-induced reduction of Ih amplitude was
blocked by the D2 dopamine antagonist. These results
suggest that dopamine reduced Ih through a D2 receptor
and that dopamine slows the recovery phase of responses to
light stimuli by inhibiting Ih in human rods. All experiments
were performed in compliance with the guideline of the
Declaration of Helsinki and the Ethics Committee of Fujita
Health University. All patients were informed of the purpose
of the surgery and the necessity of removing the retinal
tissue, and signed informed consent to allow the use of the
tissue for these experiments.
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SEVERE DIABETIC RETINOPATHY, MAYOMBIAN
ETHNIC, VEGETABLES LOW INTAKE, INSULIN
TREATMENT, AND DIABETIC NEPHROPATHY ARE
DETERMINANTS OF BLINDNESS IN DIABETIC
AFRICANS
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Background: People with diabetes mellitus are more likely
to develop blindness. This study aimed to determine the
frequency and causes of blindness in diabetic Africans.
Methods: A cross-sectional survey was carried out among
known black diabetics consecutively admitted at the
Teaching Hospital, University of Kinshasa, between 2005
and 2007. Examination methods included intervieweradministered structured questionnaire, eye examination
(visual acuity, tonometry, funduscopy), and fasting plasma
glycaemia test.
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Results: Of the 227 patients examined, 15.9% had
blindness. In univariate analyses, blindness was significantly
associated with female sex, severity of diabetic retinopathy,
Mayombian ethnic group, use of insulin treatment, low intake
of vegetables, diabetic nephropathy, and primary open angle
glaucoma in all diabetics. After logistic regression, only

SPATIAL ASYMMETRIES IN THE SPATIO-TEMPORAL
CONTRAST SENSITIVITY FUNCTIONS
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the OPL, the first synaptic layer of the retina, the
photoreceptor cells transfer the light signals to the postreceptoral retinal network, and malfunctioning photoreceptor
ribbon synapses lead to impaired vision or even total
blindness. In addition to the structural changes at the rod
photoreceptor ribbon synapses, we found an age-dependent
upregulation of the complement factor C1q in the
photoreceptor cells of DBA/2J mice, suggesting a putative
link between the degenerative ribbon synaptic phenotype
and the innate immune system.

Research, Fundación Oftalmológica del Mediterráneo,
Optics, University of Valencia, Valencia, Spain
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We have measured the spatio-temporal contrast sensitivity
function (stCSF) in fovea and twenty locations covering
±30ºx±20º in the central visual field (VF), for 34 normal
subjects, using achromatic Gabor patterns (5º). For each
subject, the stCSFs were derived from perimetric data with
stimuli of fixed spatial (0, 0.5, 2, 4 and 8 cpd) and temporal
(0, 2, 6, 12 and 24 Hz) frequencies. Equivalent data with redgreen and blue-yellow patterns have been recently published
[Diez-Ajenjo et al. J. Mod. Opt., 2011;58:1736-1748]. Our
results show that stCSFs are band-pass with achromatic
patterns, with peak sensitivity shifting from around (2-4
cpd,8-10 Hz) at fovea to (0.5 cpd,8-10 Hz) for the more
peripheral locations, whereas with chromatic stimuli are
always low-pass. Both upper-lower and nasal-temporal
asymmetries have been reported in the literature for
stationary achromatic and blue-yellow patterns. In general,
contrast sensitivity is better in the lower than in the upper
VF. Temporal and nasal contrast sensitivities do not
significantly differ with blue-yellow patterns, whereas
sensitivity seems higher in the temporal VF for red-green
and achromatic patterns when detections are mediated by
the P-pathway and in the nasal VF for achromatic patterns
detected by the M-pathway. The Wilcoxon's signed rank test
shows in our data significantly better sensitivity (P< 0.05) in
the lower than in the upper field, in agreement with literature;
however, sensitivity in the temporal field is significantly
higher than in the nasal field, regardless of the frequency
combination and therefore regardless of the mechanism
putatively mediating detection. The same kind of
asymmetries appears with the volume under the stCSF.
Similar trends appeared in our chromatic data, in agreement
with previous results for red-green but not for blue-yellow
patterns. The behaviour shown by our data is essentially
consistent with the asymmetries in cone and ganglion cell
populations in the primate retina.

This work was supported by a grant of the Deutsche
Forschungsgemeinschaft (SFB 539, A7) to J.H.B and R.E.
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EX VIVO MODEL TO STUDY RETINAL REGENERATION
IN MAMMALS
K. Löffler, M.O. Karl
Retinal Development & Regeneration, Center for
Regenerative Therapies Dresden, Dresden, Germany
Introduction: In mammals, loss of retinal neurons does not
lead to their replacement naturally. In fish, birds and more
recently mammals the Müller glia (MG) have been identified
as a source of regenerated neurons. In fish, retina
regeneration is complete, for mammals, retina regeneration
is very restricted. However some evidence suggests that
very few neurons can be stimulated to regenerate.
Methods: In brief, murine eyes after end of retinogenesis
were enucleated and the retina was cultured as a whole
organ with ganglion cells up on cell culture membrane
inserts ex vivo. Mitogens were used to stimulate and BrdU
was given to monitor cell proliferation, respectively. Retinas
were analyzed by immunostain and 3D imaging at various
time-points.
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Results: We studied the temporal and spatial response of
MG cell cycle re-entry (BrdU+/Sox9+ cells) in retina explant
culture over 12 days ex vivo (DEV). Sox9 is expressed
during retinogenesis by all retinal progenitors and
maintained by adult MG. In DEV3 retina we observed the
first BrdU+ Sox9+ cells. At DEV4, 49%±11 SEM (N=7) of the
MG had re-entered the cell cycle (BrdU+/Sox9+ cells).
Proliferation peaked at DEV6 with 79%±8 SEM (N=5) of the
MG and its progeny being Sox9+ BrdU+. The total Sox9
population increased 1,5-fold. MG division was validated by
studying expression of Ki67 and phosphohistone-3.
Strikingly, we observed generation of calbindin (Calb) and
BrdU doublepositive cells following a distinct time course.
Calb+ BrdU+ labeled cells are found earliest at DEV3 and
peak at DEV6/7.
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DEGENERATION OF PHOTORECEPTOR RIBBON
SYNAPSES IN THE DBA/2J MOUSE, A COMMONLY
USED MOUSE STRAIN IN GLAUCOMA RESEARCH
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Age-related changes in the eyes of DBA/2J mice include iris
stroma atrophy and pigment dispersion, increase of
intraocular pressure, and degenerative changes of retinal
ganglion cells and the optic nerve. The results of recent
studies examining retinal function in aging DBA/2J mice with
electroretinogram recordings suggest that photoreceptor
cells are also affected by the pathological processes
occurring in the retina of DBA/2J mice.

Conclusion: I observed that MG could be induced to
proliferate in retinal explants ex vivo. Cell cycle re-entry and
de-differentiation follow a defined time course. Preliminary
data suggests the possibility that new calbindin expressing
neurons are regenerated. Strikingly, many more MG can be
induced to de-differentiate and proliferate compared to
previous observations.
COI/Financial disclosure: Nothing to disclose

Photoreceptor ribbon synapses in DBA/2J mice at 2, 6, and
10 months of age were examined with light and electron
microscopy. We report progressive degenerative changes at
the ribbon synapses in the synaptic terminals of rod
photoreceptor cells, a phenotype that has not yet been
described. With increasing age, rod photoreceptor ribbons of
DBA/2J mice disintegrated into spherical-shaped ribbons
and, in addition to the ribbon structural changes, the
thickness of the outer plexiform layer (OPL) was reduced. In
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NEW IDEA OF NEUROPROTECTION: CHONDROITIN
DISACCHARIDES AND TOLL-LIKE-RECEPTOR 4
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bands and there matching control bands were dissected and
subjected to general sample procedure for LC-MS/MS
analysis. We also used the eluted fractions from
immunoprecipitates for subtraction and confirmation of
binding candidates.

University of Illinois at Chicago, Chicago, IL, Specialty Eye
3
Care, Denver, CO, Ophthalmology, Northwestern University
Medical School, Chicago, IL, USA

Primary open angle glaucoma (POAG) is clinically well
characterized, but its etiology remains an enigma. One
possible cause of POAG is the innate immune toll-like
receptor 4 (TLR4) mediated inflammatory pathway. Lowmolecular-weight hyaluronic acid (LMW-HA) is a ligand to
the TLR4 receptor and activates an inflammatory response,
which we have previously shown is cytotoxic in vitro.
Naloxone, a well-known TLR4 inhibitor, has been shown to
reverse these effects.

Results: Mammalian cell-based proteomics identified E50K
dominant binding partners. We focused on one candidate
and its interaction was confirmed by immunoprecipitation
and western blotting. Over expression of wild-type OPTN
and E50K in HEK293T exhibited different protein dynamics.
The treatment with intracellular degradation inhibitor
restituted the E50K-unique protein dynamics.

We tested two chondroitin disaccharides—Di-6S and Di-0S,
previously-reported TLR4 inhibitors in a macrophage-like cell
line J774.1—as cell protectants. Murine macrophage (RAW
264.7) cells and naive PC-12 cells (n=6) were grown in 10%
fetal bovine serum (FBS) in Eagle's medium until confluent,
plated at a density of 40,000 cells per well in full media for
24 hours, and then were placed in 0.1% FBS and challenged
with 20ug LMW-HA (50 kD; Sigma) or high-molecularweight-hyaluronic acid (HMW-HA;1000 kD, Sigma) with or
without 20ug Di-6S (Sigma), and 20ug Di-OS (Sigma). Cells
were treated for 24 hours, harvested, and cell viability was
determined.

Conclusions: E50K mutation alters the affinity of OPTN
binding partner that leads to deterioration of E50K-OPTN
protein dynamics. We further investigate this physiology to
elucidate the cause of E50K-glaucoma in E50K patient
materials and our new E50K animal models.
COI/Financial disclosure: Nothing to disclose
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PHENOTYPICAL ANALYSIS OF A MOUSE-MODEL FOR
X-LINKED RETINITIS PIGMENTOSA, INDUCED BY A
POINT MUTATION IN THE RPGR GENE

RAW cells were 83.4% viable in the LMW-HA condition, a
17% decrease from PBS control cells; however, LMW-HA
combined with disaccharides reversed this effect. Cells in
the LMW-HA plus Di-6S condition were 117.9% viable, a
41.8% increase from LMW-HA alone (P< .0001), whereas
those in the LMW-HA plus Di-0S condition were 36.8% more
viable than LMW-HA alone (P< .0002). Similarly, PC-12 cells
treated with Di-0S and LMW-HA were 37.3% more viable
(P< .02). In PC-12 cells tested with HMW-HA, no increase in
cell viability was observed with co-treatment with Di-6S or
Di-0S.
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Purpose: Point mutations in the gene encoding the Retinitis
Pigmentosa GTPase Regulator (RPGR) are responsible for
X-linked Retinitis Pigmentosa (XLRP) in humans. Over 80%
are found in a specific, repetitive region of the terminal exon
ORF15, which is therefore called the mutation hot spot of
RPGR. Point mutations cause a frame shift, thus modifying
the C-terminal amino acid chain and potentially causing a
toxic gain of function of the altered protein. In this work we
characterised a transgenic mouse model containing a point
mutation in the murine ORF14/15 similar to one causing
XLRP in human patients.

These results indicate that chondroitin disaccharides prevent
the cytotoxic effects of LMW-HA in vitro, confirming that
LMW-HA acts through TLR4 to induce theses effects. These
findings provide a promising lead for neuroprotection, a
critical first step in successful POAG treatment.
COI/Financial disclosure: American Health Assistance
Foundtion, Grant G2011047

Methods: Eyes were collected at different ages and
morphological analysis of the retinae was performed using
Hematoxilin/Eosin stained paraffin sections, tolouidine blue
stained semithin sections and electron microscopy.
Immunohistochemistry was performed to examine the
localization of S and L/M cone opsin and rhodopsin. The
biochemical properties of the protein were analysed via
isoelectric-focusing.
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COMPARATIVE FUNCTIONAL ANALYSIS OF
OPTINEURIN AND ITS GLAUCOMA-RELATED MUTANT
E50K BY MAMMALIAN CELL-BASED LC-MS/MS
PROTEOMICS

Results: Morphological analysis revealed alterations in the
Inner Segments (IS) and Outer Segments (OS) as well as in
the nuclear layer of photoreceptors of affected animals as
early as 4 weeks of age. OS were disorganized and of round
shape, while IS were thickened in comparison to the wildtype photoreceptor. The outer limiting membrane was less
well visible in affected retinae and the Connecting Cilium
was of abnormal structure. Photoreceptor disorganisation
increased progressively. Immunohistochemical examinations
showed alteration of opsin localisation.

Y. Minegishi, H. Kobayashi, T. Iwata
Division of Molecular & Cellular Biology, National Institute of
Sensory Organs, Tokyo Medical Center, Tokyo, Japan
Backgrounds: Optineurin (OPTN) is a multifunctional
protein and its E50K mutation responsible for normal tension
glaucoma. We have previously reported the E50K transgenic
mouse exhibiting thinner peripheral retina and an induction
of apoptotic cell death. In consideration of these
backgrounds, its precise molecular mechanisms of disease
onset still remain unclear. To clarify the pathoetiology of
E50K in the retina, we conducted functional comparison of
E50K to wild-type OPTN by cell based LC-MS/MS
proteomics and by biochemical analysis.

Conclusion: The newly generated mouse model exhibits a
retinal pathology, which suggests a disease-progression
similar to the one found in XLRP patients. In the future this
model will allow us to gain insight into the pathological
mechanisms responsible for the degeneration as well as the
biochemical causes for the toxicity of the altered protein.
Furthermore, it will serve as a suitable animal model in the
development of gene therapeutic strategies.

Methods: FLAG-Tagged OPTN and E50K were expressed
in human embryonic kidney (HEK) 293T cells and each
lysates were immuoprecipitated with anti-FLAG sepharose
beads. After the separation by 7.5%-PAGE, gel was silver
stained for visualization and OPTN specific or E50K specific
274

sectioned and labeled for cell death using TUNEL. In four
cats, retinal structure and function was monitored for 6
weeks post injection using electroretinograms (ERG), optical
coherence tomography (OCT), fundus photography and
immunohistochemistry.
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Results: Cell death selective to the outer nuclear layer
(ONL) was visible in the 30 hour cohort (1092 ± 388 TUNEL
positive cell nuclei per mm2 retina). No TUNEL positive
nuclei were present in inner retinal layers or sham injected
retina. Two weeks post injection the outer nuclear layer had
significantly thinned, choroidal vasculature had atrophied
and there was a 95% reduction in ERG a-wave amplitude.
The injected retina displayed remodelling-like events
including bipolar cell changes and formation of a glial scar.
However, in several animals a retinal detachment formed
over the course of the 6 weeks, leading to total retinal loss.

RETINAL AMYLOID PEPTIDES AND COMPLEMENT
FACTOR H (CFH) IN TRANSGENIC MODELS OF
ALZHEIMER´S DISEASE (AD) AND AGE-RELATED
MACULAR DEGENERATION (AMD)
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Murine transgenic models of Alzheimer´s disease (Tg-AD)
have been useful to analyze the contribution of β-amyloid
precursor protein (βAPP), Aβ42 peptide deposition, and the
pro-inflammatory mechanisms that characterize Alzheimertype neuropathology. In this report, we have studied the
levels of βAPP, Aβ40 and Aβ42 peptide, as well as the
innate immune and inflammatory response-regulator
complement factor H (CFH) in the brain and retina in four
different Tg-AD models including ApoE4+TR, Tg2576,
PSAPP, 3xTg-AD, and 5xFAD. Aged, symptomatic 5xFAD
mice showed by far the highest brain and retinal abundance
of Aβ42 peptides and the most significant deficits in CFH.
The 5xFAD Tg-AD model may be useful to study the
molecular-genetic
mechanisms
of
amyloid-mediated
inflammatory degeneration of the brain and retina.
Interestingly, the retina, superior colliculus and primary
visual cortex (Brodmann area A17) obtained from late-stage
Alzheimer´s disease revealed up-regulated amyloidogenic
and altered innate immune and inflammatory signaling along
the entire anteroposterior axis of the retinal-primary visual
cortex pathway.

Conclusions: These data demonstrate that it is possible to
produce photoreceptor death in cat retina via intravitreal
injection of ATP. Once the reliability of the model is
improved, acute electrophysiological experiments will be
used to determine the effect of degenerate retina on
prosthesis stimulation efficacy. This research will contribute
to the development of an effective bionic eye for implantation
in blind patients.
COI/Financial disclosure: Nothing to disclose
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INFLUENCE OF ANTERIOR SEGMENT BIOMETRIC
PARAMETERS ON ANTERIOR CHAMBER ANGLE WIDTH
IN EYES WITH OCCLUDABLE ANGLES
T. Matsuki, F. Hirose, T. Kameda, Y. Hirami, Y. Kurimoto
Ophthalmology, Kobe City Medical Center General Hospital,
Kobe, Japan
Backgrounds and aims: Primary angle-closure glaucoma is
a significant cause of blindness in Asia. Assessment of angle
configuration is important for the prevention and treatment of
primary angle closure. The purpose of this study is to
investigate association between anterior chamber angle
width and other anterior segment biometric parameters, and
to identify major predictors of narrow anterior chamber angle
width in eyes with occludable angles.

COI/Financial disclosure: These studies were presented in
part at the 'Hirnliga' Goethe University Symposium on
Alzheimer's disease, Frankfurt am Main, Germany, 25-27
August 2011; the authors thank Drs C. Eicken, D. Guillot, C.
Hebel, W. Poon and T. Saing for human brain and retinal
tissues or extracts, for miRNA array data interpretation and
for other expert technical assistance. Research on miRNA in
the Lukiw laboratory was supported through Alzheimer
Association Grant IIRG-09-1317 and NIA Grants AG18031
and AG038834

Methods: We examined 118 eyes with occludable angles of
118 patients in dark and light conditions with anterior
segment optical coherence tomography. We measured
angle opening distance 500 (AOD500), anterior chamber
depth (ACD), iris thickness (IT), iris convexity (IC), pupil
diameter (PD), and anterior chamber width (ACW) and
performed multiple regression analysis for AOD500.
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Results: The explanatory variables relevant to the AOD500
were ACD, IT, IC, PD, and ACW in both dark and light
conditions (In dark: standard coefficients, 0.518, -0.399, 2
0.280, -0.262, and -0.224, respectively, p< 0.01 for all, R =
0.508

2
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Melbourne, VIC, Australia
3

Background and aims: Retinal prosthesis development
relies on the testing of prosthesis safety and efficacy in
animal models of retinal degeneration. Large-eyed models of
retinal degeneration are often expensive to house and slow
to develop. The objective of this research is to develop a
rapid, cheap and effective unilateral blind model suitable for
an implanted retinal prosthesis.

In light: standard coefficients, 0.413, -0.167, -0.402, -0.333,
and -0.210, respectively, p< 0.01 for all except IT (p< 0.05),
2
R = 0.538).
Conclusions: This study quantitatively confirmed that ACD
is a major predictor of the anterior chamber angle width in
both dark and light conditions, and especially in the dark
condition, IT becomes more important factor rather than IC.

Methods: Acute loss of photoreceptors was induced in 10
cats via intravitreal injection of 1M adenosine triphosphate
(ATP) solution. The contralateral eye was sham injected with
an equivalent volume of saline solution. Six cats were
terminated 30 hours post injection and the retinas removed,
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CAMP CONTROLS SENSITIVITY OF
PHOTOTRANSDUCTION CASCADE IN FROG ROD
PHOTORECEPTORS

1

L.A. Astakhova, E.V. Samoiliuk, V.I. Govardovskii, M.L.
Firsov

Midkine is a small heparin binding growth factor expressed
in numerous tissues during development. The unique
midkine gene in mammals has two paraologs in zebrafish:
midkine-a (mdka) and midkine-b (mdkb). In the zebrafish
retina, during both larval development and adult
photoreceptor regeneration, mdka is expressed in retinal
stem and progenitor cells and functions as a molecular
component of the retina's stem cell niche. In this study, lossof-function and conditional overexpression were used to
investigate the function of Mdka in the embryonic and larval
retina. The results show that Mdka functions narrowly to
regulate cell cycle kinetics. Following targeted knockdown of
Mdka synthesis, retinal progenitors cycle more slowly, and
this results in microphthalmia, a diminished rate of cell cycle
exit and a temporal delay of neuronal differentiation. In
contrast, Mdka over expression results in acceleration of the
cell cycle and retinal overgrowth. Mdka gain-of-function,
however, does not temporally advance cell cycle exit or
neuronal differentiation. Experiments to identify a potential
Mdka signaling pathway show that Mdka functions upstream
of the regulatory protein, Id2a. Gene expression analysis
shows Mdka regulates id2a expression, and co-injection of
Mdka morpholinos and id2a mRNA rescues the Mdka lossof-function phenotype. These data show that in vertebrates,
Mdka resides in a shared Id2a pathway to regulate cell cycle
kinetics in retinal progenitors. This study provides the first
functional insights into the role of midkine during retinal
development, adds midkine to the list of growth factors that
transcriptionally regulate Id proteins and suggests a potential
role for midkine during stem cell-based neuronal
regeneration.
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Academy of Sciences, St.-Petersburg, Russia
Aims: Evidences accumulates that cAMP may control
important functions in photoreceptors, such as retina
circadian rhythms and photomechanical movement. Besides,
cAMP has multiple putative targets for regulation within the
phototransduction cascade. Large-scale changes of the
cAMP content in photoreceptor cells during the day/night
cycle and the existence of targets for cAMP-dependent
phosphorylation in the phototransduction cascade suggest
that it may be regulated by cAMP.
Methods: R.ridibunda rod photocurrent was recorded using
suction pipette technique with a fast solution change feature.
The cGMP turnover rate was determined by quickly applying
to the cell a high concentration of the PDE inhibitor IBMX.
Results:
1) Application of 2 µM of forskolin to R.ridibunda retina for 15
minutes increased photoreceptors intracellular cAMP 2.4
fold, which is close to reported natural day/night cAMP
variation. Elevation of intracellular cAMP evokes:
2) a 2.13-times increase of rod sensitivity to weak flashes
due to a progressive delay of the photoresponse turn-off,
while the rising phase of the photoresponse did not change
noticeably.
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3) decrease of basal (dark) PDE activitiy 1.6 times.
P266

4) increase of steady light-induced PDE activity up to 2 times
at high background intensities.

A NEW MOUSE MODEL OF RETINAL DEGENERATION
(RD19)

5) shift of regulation of guanylate cyclase (GC) activity
toward smaller fraction of open channels.

B. Chang, R. Hurd, J. Wang, P. Nishina

6) increase of the magnitude of the exchanger current by
1.59 times without significantly changing its decay time
2+
constant. Correspondently, the exchangeable Ca fraction in
ROS increases 1.58 times.

The Jackson Laboratory, Bar Harbor, ME, USA
Background and aims: Mouse models of inherited retinal
degeneration are powerful tools to investigate the etiology of
human retinal degeneration. Mutant mice provide
reproducible, experimental systems for elucidating pathways
of normal development and function. The aim of this study is
to characterize the clinical features, histopathological effects,
and genetic basis of a new hereditary mouse model of retinal
degeneration.

Conclusions: Analysis shows that retardation of the
cascade turn-off(s) and shift of the GC activity towards lower
fraction of open channels could be due to elevated dark
2+
Possible
concentration
of
the
cytoplasmic
Ca .
mechanism(s) of dark PDE activity control by cAMP remain
unclear. We suggest that these regulations may have
adaptive significance and improve the visual system
performance when the latter switches between day and night
light conditions.

Methods: While screening for genetic mouse models of
human ocular disorders, we have identified a new mouse
retinal degeneration (allele symbol: rd19) model. The
phenotype was documented using electroretinography,
histology, and fundus photography, while the genetic
characterization included linkage analysis and direct
sequencing of candidate genes.

COI/Financial disclosure: Supported by grants from the
Russian Foundation for Basic Research 08-04-01638 and
11-04-00892 to M.L.F. and grant from Biological Branch of
RAS to V.I.G.

Results: Mice homozygous for rd19 exhibit areas of
depigmention and attenuated retinal vessels at two month of
age. Histology at 3 weeks of age showed ~20-30%
photoreceptor loss, with slow progressive loss thereafter.
Electroretinograms (ERG) of rd19/rd19 mice show near
normal cone ERG responses, but abnormal rod ERG
responses (lower ERG a-wave, but near normal b-wave) at
one month of age. At six months of age, neither cone or rod
ERGs waveforms are detectable. The inheritance pattern of
the rd19 mutation is autosomal recessive. Linkage studies
indicated that this new mutation mapped to mouse
Chromosome 5, between markers, D5Mit266 and D5Mit394.
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MIDKINE-A FUNCTIONS UPSTREAM OF ID2A TO
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Examination of candidates within the region, revealed an
excellent candidate gene, prominin 1 (Prom1). Sequence
analysis showed that the rd19 is caused by a nonsense
mutation in exon 9 of the Prom1 gene.

CLINICAL AND GENETIC FEATURES OF CHINESE
PATIENTS WITH ACHROMATOPSIA
R. Sui, X. Liang, H. Li, F. Dong
Ophthalmology, Peking Union Medical College Hospital,
Beijing, China

Conclusions: Retinal degeneration 19 (rd19), caused by a
mutation in the Prom1 gene, provides a new mouse model to
study the molecular function of PROM1. It will also allow for
a more careful analysis of the disease process and the
pathological consequences of the loss of PROM1 function as
is observed in autosomal recessive retinitis pigmentosa41
(arRP41) in humans.

Purpose To study the clinical features and to identify the
genetic defects of 14 Chinese achromatopsia patiens from 9
families.
Methods: Detailed ocular examinations including best
corrected visual acuity (BCVA), color vision, slit lamp,
fundus, electroretinography (ERG) and optical coherent
topography (OCT) were performed for affected subjects.
Peripheral blood was obtained from all patients and their
family members for genomic DNA extraction. All exons of
CNGA3 (cyclic nucleotide-gated channel alpha-3) were
amplified by polymerase chain reaction (PCR) and screened
for mutation by direct DNA sequencing. A hundred normal
controls were screened to verify suspected diseased related
mutations.

COI/Financial disclosure: Support: NIH EY19943,
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THE RD7 RETINA PROMOTES PIGMENT
REGENERATION AND DARK ADAPTATION IN THEIR
HYBRID RODS
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Results: Nystagmus, photophobia and impaired color
discrimination were occurred in all patients. The best
corrected visual acuity of the affected subjects ranged from
0.05 to 0.3. Severely depressed and non-recordable cone
ERG was observed. Noticeable structural changes were
observed in the central retina of patients with achromatopsia
under OCT examination. CNGA3 mutations were identified
in 7 out of 9 families (77.8%). Seven novel mutations: I353T
(c.1058T>C), E377del (c.1129-1131delGAG), T14PfsX4
(c.40delA), D211E (c.633A>T), S31X (c.62C>G), W171C
(c.513G>T) and L380del (c.1137~1139 del CTT), were
identified. Six previous reported mutations were also
detected. Mutations were segregated within the families.
These novel mutations were not detected among 100
controls.
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The recently-described retina visual cycle is critical for the
rapid chromophore recycling and pigment regeneration in
cones. In this cone-specific pathway chromophore is
recycled by the retinal Müller cells. The mechanisms
restricting this pathway to cones are not well understood.
The Nr2e3 knockout (rd7) mouse presents a unique
opportunity to investigate this issue as its retina has hybrid
rods with some cone-like morphological features in addition
to expressing a subset of cone genes. We investigated,
whether the rd7 retina can promote rod pigment
regeneration independently of the pigment epithelium.

Conclusions: CNGA3 mutation is the most common cause
of achromatopsia in Chinese population. Seven novel
mutations were identified in CNGA3. Genetic and clinical
characterization of patients with achromatopsia are
important for genetic counseling and future gene therapies.

Single-cell and transretinal recordings revealed that rd7 rods
produce rod-like responses in darkness. However, in
contrast to control rods and similarly to the case in cones,
the isolated rd7 retina promoted substantial recovery of
hybrid rod sensitivity. The rate of rd7 rod dark adaptation
was slower than that of cones, most likely due to the
increased demand for chromophore. The dark adaptation of
rd7 rods was blocked by the gliotoxin L-α-aminoadipic acid,
which selectively targets Müller cells and blocks the retina
visual cycle. Notably,11-cis retinol, the putative product of
the retina visual cycle, reversed this effect and promoted
dark adaptation in rd7 rods. Microspectrophotometric
measurements of the optical density of isolated rd7 retina
revealed that, in contrast to control rods, substantial pigment
regeneration took place in bleached rd7 rods in the absence
of the pigment epithelium.
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CHARACTERIZATION OF TWO DIFFERENT LIGHT
LESION PARADIGMS AS TOOLS TO STUDY ADULT
RETINA REGENERATION IN ZEBRAFISH
A. Weber, S. Hochmann, V. Kuscha, M. Brand
Developmental Genetics, DFG-Center for Regenerative
Therapies Dresden (CRTD), Biotechnology Center, TU
Dresden, Dresden, Germany
Light lesions are commonly used tools to study regeneration
of photoreceptors in the adult zebrafish retina. In order to
investigate the underlying processes we characterized the
morphological details of degeneration and regeneration in an
already established approach using intense white light from
a fluorescence lamp on swimming fish ([1], diffuse light
lesion). Furthermore, we designed a new light lesion
paradigm using the same light source and a microscope to
focus light on the immobilized fish (focused light lesion). This
approach results in a locally restricted light lesion with the
benefit of an untreated control eye. In both paradigms we
confirmed an early onset of cell death, as well as a
proliferation response initiating around 2 days post lesion
(dpl) and peaking at 3dpl. We assessed the different
susceptibilities of rods vs. cones and found that cones are
more sensitive towards intense bright light. The cone-

Together, our results demonstrate that the hybrid rods in rd7
retina can undergo pigment regeneration and dark
adaptation in the absence of pigment epithelium. We
conclude that the altered morphology and gene expression
of the hybrid rd7 rods enables them to utilize the conespecific retina visual cycle for pigment regeneration. Thus,
the rd7 mouse provides an excellent model for investigating
the mechanisms normally rendering the retina visual cycle
cone-specific.
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depleted area exceeds size of the rod-depleted area
resulting in two areas, one with rod and cone cell death and
another area that is only depleted of cones. We observed
differences in these two areas with respect to morphological
details of photoreceptor degeneration. Analysis of marker
expression for inner retinal neurons was used to estimate
unspecific damage on non-light sensitive cells. We found
some unspecific damage in the very center of focused light
lesion but none in diffuse light lesions. In summary, both
methods were found suitable to study regeneration with
different advantages and disadvantages.
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FURTHER CHARACTERIZATION OF A GANGLION CELL
DEATH SUSCEPTIBILITY ALLELE ON MOUSE
CHROMOSOME 5
J. Dietz, C. Schlamp, M. Maes, J. Ver Hoeve, R. Nickells
University of Wisconsin, Madison, WI, USA

1. Bernardos RL, Barthel LK, Meyers JR, Raymond PA
(2007) Late-Stage Neuronal Progenitors in the Retina Are
Radial Müller Glia That Function as Retinal Stem Cells.
Journal of Neuroscience 27: 7028.

In a previous study we investigated the influence of genetic
background on the susceptibility and rate of ganglion cell
death in response to optic nerve crush (ONC), a
standardized lesion of the optic nerve. In this study of 15
different strains, DBA/2J mice were found to be most
resistant to ONC while BALB/cByJ mice were found to be
most susceptible. Genetic mapping revealed a single, highly
significant quantitative trait locus (QTL) on mouse
chromosome 5 between 34 and 59 cM. This locus has been
named Retinal ganglion cell susceptible 1, Rgcs1. The
Rgcs1 locus was refined further to 1 million bp using SNP
markers. This region encodes 19 different genes that are
expressed in the retina or optic nerve. One gene, Spink2, is
up-regulated 5-fold in the retina after ONC. This gene codes
for a serine protease inhibitor previously thought to be
restricted to developing sperm cells and some cancer cell
lines. RT-PCR analysis of retina, lung, spleen and testes
indicate the presence of Spink2 exon 1-4 splice variants,
while exon 3-4 splice variants are in the brain, heart and
liver, suggesting possible splice variants of primary
transcripts of Spink2. Sequence analysis of both genomic
exon 2 and retinal cDNAs isolated from the two parental
strains shows a single nucleotide change leading to a T19S
amino acid change in BALB/cByJ mice. Protease inhibition
may affect critical neuroprotective functions of processes
such as autophagy. Preliminary qPCR analysis of Atg5, a
protein involved in the formation of the autophagosome,
shows an abundance of mRNA transcript. This data
indicates that DBA/2J mice exhibit a 21.3% increase in Atg5
expression within 1 week after optic nerve crush. BALB/cByJ
mice, however, exhibit a 21.5% decrease in Atg5
expression. Further experiments to examine the level of
autophagy, including the effect of Spink2 expression, are
ongoing.
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SHORT-TERM PSYCHOSOCIAL STRESS PROTECTS
AGAINST LIGHT-INDUCED DAMAGE OF
PHOTORECEPTORS VIA A CORTICOSTERONEMEDIATED ACTIVATION OF THE AKT PATHWAY
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Institute of Human Anatomy and Embryology, Department
of Behavioural and Molecular Neurobiology, University of
Regensburg, Regensburg, Germany
Purpose: Glucocorticoids have repeatedly been shown to
be neuroprotective in animal models of hereditary retinal
degenerations and glaucoma by inhibiting apoptotic death of
photoreceptors or retinal ganglion cells. Since glucocorticoid
release is one of the hallmarks of the classical stress
response, we wondered if psychosocial stress has protective
effects on photoreceptors after light-induced damage. In
addition, the roles of the HPA axis, Müller cell gliosis and
AKT pathway activation in stress-mediated neuroprotection
was investigated.
Methods: In Balb/c mice psychosocial stress was induced
via chronic subordinate colony housing (CSC) either for 10 h
(short-term stress) or 19 d (chronic stress) followed by an
illumination with 5000 lux. Apoptosis of photoreceptors was
assessed by TUNEL staining. To investigate the role of the
HPA axis, adrenalectomy was performed. Retinal expression
of neuroprotective growth factors and phosphorylation of
AKT was analyzed by real-time RT-PCR and western
blotting.
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ENHANCED OCULAR BIOAVAILABILITY OF CARBONIC
ANHYDRASE INHIBITOR FORMULATION WITH NOVEL
HYPERBRANCHED POLYESTERS

Results: Short-term psychosocial stress due to 10 h CSC
housing protected photoreceptors from light induced damage
when compared to single-housed controls (SHC), an effect
that was lost after 19 d CSC housing. Injection of
corticosterone was as effective in protecting photoreceptors
from damage as 10 h CSC housing. As opposed to those of
sham-operated mice, photoreceptors of adrenalectomized
mice were not protected from light damage after 10 h CSC.
Retinal mRNA expression of neuroprotective factors (LIF,
EDN-2, FGF-2, CNTF) was not changed after 10 h CSC
when compared to SHC. After 10 h CSC or corticosterone
injection, a significant higher level of AKT phoshorylation
was observed when compared to SHC or vehicle-injected
animals. The same was true when sham-operated mice
were compared to adrenalectomized mice.

T. Shah, J. Inoue
Senju USA, Inc., Woodland Hills, CA, USA
®

®

COSOPT and TRUSOPT are commercially available
topical ophthalmic solutions, which containing carbonic
anhydrase inhibitor (CAI), developed for treating Glaucoma.
Due to poor and limited aqueous solubility of CAI
(Dorzolamide) at physiological pH, the pH of these
commercial ophthalmic solutions (cont. 2% Dorzolamide)
has to be kept at about 5.65. This low pH can lead to local
eye irritation. In this study, 1% (w/v) Dorzolamide topical
solution composition with Timolol was formulated at pH 7.4
containing 4% commercially available hyperbranched
polyester (HP). The main advantage of new formulation with
comparable ocular bio-availability is significant patient
compliance because of enhanced eye comfort at pH 7.4.

Conclusions: Short-term psychosocial stress protects
photoreceptors against light-induced damage. This effect is
most likely mediated via an increase in plasma
corticosterone which in turn activates the AKT signalling
pathway.

The solubility of Dorzolamide in formulation containing HP at
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room temperature, and the stability at 40 °C and 60 °C for 4
weeks were determined with UPLC (Waters Acquity system).
In vitro cornea permeation profiles for 3 hours were
evaluated by side-by-side diffusion cell using extracted New
Zealand rabbit's cornea. In Vitro cytotoxicity was evaluated
on human cornea epithelial cells.

(Arch Ophthalmol, 2006) to our estimate number of patients
affected concurrently by OAG and AMD. These costs
included
outpatient
visits,
inpatient
visits,
and
medications/vitamins. Costs were derived in two age groups:
40 to 64 (OAG: $276, $2,270, $806 respectively; AMD:
$305, $0, $110 respectively), and 65 and over (OAG: $608,
$4,929, $60; AMD: $517, $0, $110). We assumed that
patients affected by both OAG and AMD would encur the
sum of the cost associated with each disease alone.

The solubility of Dorzolamide at pH 7.4 increased with HP
dose dependently. The long term stability results also
indicated that the new formulation was stable without any
precipitation. Consequently, the total cornea permeation rate
of Dorzolamide, partition coefficient and permeability
coefficient at pH 7.4 were at least 2 fold higher compared to
the control sample. The In Vitro cytotoxicity suggested the
non-irritant behavior of topical formulation containing up to
4% HP. Overall, a new water soluble non-irritating CAI-beta
blocker ophthalmic solution at pH 7.4 containing HP with
comparable efficacy was discovered. The improved
permeation in the presence of HP was mainly because of
improved partitioning of CAI into the intact cornea
epithelium.

Results: In the 40-64 age group, the estimated annual cost
per patient for concurrent OAG and AMD is $581
(outpatient), $2,270 (inpatient) and $916 (medications). In
the 65 and over group, these costs are $1,125, $4,929, and
$170. We previously estimated that 1,171,052 White
Americans were affected by concurrent OAG and AMD in
2007 (85,267 aged 40-64 years and 1,085,785 aged 65 and
over). The annual cost associated with concurrent OAG and
AMD for patient aged 40 and over is estimated at
$1,271,048,252 (outpatient), $5,545,390,355 (inpatient), and
$262,688,022 (medications). The overall annual economic
burden of concurrent OAG and AMD is estimated at over 7
billion dollars.
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ANEURYSMAL BONE CYST OF THE ORBIT

Conclusion: Concurrent OAG and AMD results in an
important economic and public health burden in the United
States. Improving the management of concurrent OAG and
AMD may reduce this burden in the future.

K. Yar, E. Esen, D.M. Yılmaz, G. Hacıyakupoğlu
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Purpose: To report a case with orbital aneurismal bone cyst.
Material-method: 12 years old girl admitted to the hospital
with complaint of enlargement and upward gaze restriction in
the left eye. We analyzed data of the patient.

REMODELLING IN ADVANCED RETINAL
DEGENERATION IN RD1 MICE

Result: We performed left frontal craniotomy and
orbitotomy. We excised the mass with solid and cystic
components resembling aneurysmal bone cyst. Pathologic
diagnosis was aneurysmal bone cyst. We detected
reccurrance at the second month. We excised the mass
again and applied radiotherapy to retroorbital area. We did
not observe reccurrance after radiotherapy.
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Anatomy and Neuroscience, Electrical Engineering,
University of Melbourne, Melbourne, VIC, Australia
Retinitis pigmentosa (RP) refers to a family of inherited
diseases that lead to blindness. In mid to late stages of the
disease when most photoreceptors have been lost,
significant remodelling of inner retinal neurons occurs. Since
most patients are targeted for restorative treatments in these
advanced stages of disease we aimed to characterise the
cause and progression of events during late phase
degeneration in a mouse model of RP, the rd1 mouse, which
carries one of the human mutations.

Conclusion: Aneurysmal bone cysts are benign osteolytic
lesions known to be very rare in orbita but they must be
considered in differential diagnosis of cases with rapid
enlargement of bone.

We used two double mutant transgenic mice, 1. rd1-FTL
mice, containing the rd1 mutation and an axon-targeted βgalactosidase (β-gal) reporter system under the regulation of
the c-fos gene. In these mice neurons that express c-fos
also express β-gal in the entire cell. 2. rd1-Thy1-YFP mice
which in addition to rd1 express YFP under the control of
Thy1 promoter in a subpopulation of ganglion cells. Retinae
from mice between postnatal days P30 to P365 were
immunocytochemically analysed as wholemounts or cryostat
sections.
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THE ECONOMIC BURDEN OF CONCURRENT
GLAUCOMA AND MACULAR DEGENERATION IN THE
UNITED STATES
L. Racette, A.-D. Phan
Eugene and Marilyn Glick Eye Institute, Indiana University
School of Medicine, Indianapolis, IN, USA

From P120 a strong upregulation of β-gal in the central
retina was observed, which was independent of light, that
spread to cover the entire central retina (>P150) and was still
present following P330. Staining was found in amacrine,
ganglion, and Müller cells. Notably, Müller cells showed a
loss of glutamine synthetase and Kir 4.1 immunoreactivity
and an upregulation of cyclin D1 in those regions of high βgal labelling and ganglion cells show altered morphology and
stratification of their dendrites.

Purpose: We previously estimated the co-prevalence of
open-angle glaucoma (OAG) and age-related macular
degeneration (AMD) in the Beaver Dam Eye Study (BDES)
and calculated the number of affected White individuals
based on the United States (US) census (Racette et al,
ARVO 2007, #4328). The purpose of this study is to
determine the economic burden of concurrent OAG and
AMD in the US.

We propose this significant upregulation of β-gal activity may
reflect active cellular signalling that indicates inner retinal

Methods: We applied the estimated annual cost per patient
associated with OAG- and AMD-alone reported by Rein et al
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remodelling. The progression of remodelling events could be
linked to the pattern of glial cell dysfunction.

investigate how these point mutations affect the catalytic
efficiency of the guanylate cyclase. Comparison with
wildtype GCAP1 revealed a 2-6 times lower catalytic
efficiency. A second line of research was addressed at
mutations in GUCY2D. For this purpose, mutant und
wildtype forms of ROS-GC1 were heterologously expressed
in HEK cells. We made two main observations showing that
the biochemical consequences of the mutations differed in
essential cyclase properties: the ROS-GC1 mutant
Gln847Leu exhibited a shift in the calcium-sensitivity of the
GCAP1-regulation, whereas the Lys848Gln mutant remained
constitutively activated by GCAP1 even at high free calcium
concentrations above 10 µM. Our results indicate a
significant imbalance of the cyclic GMP-calcium homeostasis
that could contribute to calcium-induced photoreceptor cell
apoptosis.
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THE OPHTHALMIC CHARACTERISTICS OF PARASELLA
MENINGIOMA WHICH WERE MISTAKEN AS GLAUCOMA
H.J. Chung
Ophthalmology, Uijeongbu St. Mary's Hospital, The Catholic
University of Korea, Uijeongbu, Republic of Korea
Purpose: The parasellar meningioma has known for
frequent recurrence and challenging of operation. Major
symptom of the parasellar meningioma is visual
disturbances such as decreased visual acuity or abnormality
of visual field. We tried to report the ophthalmological
characteristics of the parasellar meningioma through the two
cases of the parasellar meningioma which were mistaken as
glaucoma

[1] Dell´Orco D, Behnen P, Linse S, Koch KW (2010)
Calcium binding, structural stability and guanylate cyclase
activation in GCAP1 variants associated with human cone
dystrophy. Cell Mol Life Sci 67: 973-984.
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Methods: The results of visual field and optical coherence
tomography before transferring to the clinic of neurosurgery
were reviewed. After the cyberknife operation, the visual
acuity, the visual field, and OCT examination were followed
for 6 months.

TRANSFECTION OF MELANOPSIN PHOTOPIGMENT IN
MACAQUE RETINAL GANGLION CELLS
1,2

1,2

3

1,2

G. Gingras , O. Dkhissi-Benyahya , M. Hatori , K. Fifel ,
3
1,2
S. Panda , H.M. Cooper

Results: The preservation of upper nasal visual field was
the common characteristic. It was considered to be due to
the anatomical location of the parasellar meningioma. On the
result of OCT, the thickness of the retinal nerve fiber layer
(RNFL) tended to be thinner in most area, but inferior peak
of RNFL was quite preserved. After operation, the more
decreased visual acuity increased slowly, the visual field was
improved and the thickness of RNFL was restored.
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3
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Background and aims: In several ocular pathologies, the
loss of retinal rods and cones results in irreversible visual
impairments and eventually blindness. However, the retina
contains a third class of photoreceptors in the inner retina
comprised of ganglion cells that express melanopsin, a lightsensitive invertebrate-like opsin. Melanopsin is mainly
involved in non-visual responses to light (pupil reflex,
synchronization of circadian rhythms). Moreover, it has been
shown that when melanopsin is expressed in non-light
sensitive cells in vitro, these cells are converted into
autonomous photoreceptors. Transfection of melanopsin
using AAV vectors is capable of restoring vision in blind mice
(Lin et al, PNAS 2008).

Conclusions: When the early detection of parasellar
meningioma with visual disturbances, ophthalmological
attention such as the preservation of upper nasal visual field
and inferior RNFL peak was needed.
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MUTATIONS IN THE RETINA GUANYLATE CYCLASE
2+
SYSTEM IMPAIR THE CA DEPENDENT REGULATION
OF PHOTOTRANSDUCTION

Methods: In this study we used an AAV vector to examine
the efficiency of melanopsin expression in retinal ganglion
cells of the macaque monkey in the perspective of
developing a non-human primate model for gene therapy.
We used a construct of AAV2-Opn4-GFP, injected in both
eyes of 2 monkeys using a Hamilton syringe (50-80 µl,
12
2.6x10 GC/ml) and maintained 8 weeks prior to tissue
collection. Whole retinas were treated using an antibody
against melanopsin (gift of I Provencio) to demonstrate the
localization of photopigment protein and a GFP antibody to
identify native and non-native melanopsin-expressing
ganglion cells.

P. Zägel, K.-W. Koch
Institute of Biology and Environmental Science, Carl von
Ossietzky University Oldenburg, Oldenburg, Germany
Progressive visual impairment leading to blindness is often
associated with inherited retinal dystrophies. These
disorders correlate in most cases with mutations in genes
coding for proteins of the visual transduction system in rod
and cone photoreceptor cells. One key enzyme in
photoreceptor cells is the membrane bound guanylate
cyclase (ROS-GC1 encoded by the gene GUCY2D), which
activity is regulated by guanylate cyclase-activating proteins
(GCAPs) in a calcium-dependent manner. Mutations in the
GUCY2D gene and the GUCA1A gene (coding for GCAP1),
correlate for example with retinal dystrophies like Leber´s
congenital amaurosis and cone-rod dystrophies.

Results/conclusions: We find that 40-60% of ganglion cells
express melanopsin. Non-native melanopsin expressing
ganglion cells had varied cell sizes and dendritic
morphologies, compared to native melanopsin cells that had
large soma sizes and often a bipolar dendritic field. Monkeys
are currently being trained on visual tasks to determine to
what extent melanopsin based gene therapy can restore
useful visual capacities.

Point mutations in the GUCA1A gene (Glu89Lys,
Asp100Glu, Gly159Val, Leu151Phe) cause in the expressed
proteins significant shifts in the calcium-dependent activation
profile of the target guanylate cyclase [1]. Here we

Support: ANR (ANR-09-MNPS-040), Neurodis Foundation,
Rhône-Alpes Cluster HVN, UNADEV, Retina France.

280

explored. In this study, we tested for similarities and
differences in the fractional amplitude of the BOLD signal at
the low frequency (fALFF) range (0.01-0.1Hz). To that end,
spontaneous BOLD signal was collected from congenitally,
fully blind subjects (N=8) and sighted controls (N=10). fALFF
offers a measure of local activity and the low frequency
range in the BOLD signal has been shown to correlate with
neuronal activity. We found that congenitally blind subjects
demonstrated significantly higher fALFF in the right temporal
fusiform cortex, right lingual gyrus, and vermal parts of the
posterior cerebellum. Sighted controls demonstrated higher
fALFF in the left frontal pole and in the superior frontal gyrus.
Our results suggest that increased fALFF reflects
functionally meaningful changes in congenitally blind
subjects. Consistent with the increased fALFF observed in
higher-order visual areas, these regions have been
implicated as candidate regions for cross-modal plasticity in
blind individuals. To conclude, fALFF offers an additional
insight into the characteristics of functional brain changes in
the blind.
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THE PHOTORECEPTOR RIBBON COMPLEX: A PRIMING
DEVICE?
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The RIM protein family, one of five conserved protein
families present at active zones of chemical synapses, is
suggested to play important roles in synaptic vesicle release,
especially during vesicle priming. Still a matter of debate are
the subcellular localization and possible functions of RIM
isoforms at the highly specialized photoreceptor ribbon
synapse. With immunocytochemistry we investigated and
verified the localization of RIM1 at the photoreceptor
synaptic ribbon and of RIM2 at the arciform density.
Furthermore, RT-PCR analysis revealed the α-isoforms as
the predominant RIMs in photoreceptors. To gain insight into
the functional roles of RIM1α and RIM2α at the
photoreceptor ribbon complex, we examined wild-type,
RIM1αand
RIM2α-Knockout
(KO)
mice
(electroretinographic recordings (ERG), ultrastructural
analysis). Surprisingly, both KO mice showed no structural
phenotype, and only the RIM2α-KO-mouse showed a slight
decrease in the scotopic b-wave amplitude in the ERG.
Since RIM1 and RIM2 labeling at the photoreceptor ribbon
complex in both KO retinae was also comparable to the wildtype, a compensatory up-regulation of the respective βisoforms might account for the missing photoreceptor ribbon
synaptic phenotype. Another explanation could be the
presence of RIM3, a third RIM isoform we recently have
identified at the photoreceptor synaptic ribbon. RIM3 might
be an important player in ribbon synaptic function, something
we plan to analyze in future experiments.
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MÜLLER CELLS DRIVE ISCHEMIC PRECONDITIONINGMEDIATED PROTECTION IN THE RETINA
J. Ding, N. Wang
Beijing Tongren Hospital, Capital Medical University, Beijing,
China
Background and aims: Retinal ischemia is clinically
considered as a major cause of visual impairment and
blindness. It is possible to activate an endogenous protective
capacity in the retina that potently prevents ischemic injury
by ischemic preconditioning (IPC). The glial contribution to
retinal IPC is scarcely explored. Our previous studies have
led us to hypothesize that Müller cells play a crucial role.
Methods: IPC or ischemia was induced in rat retina by
elevating intraocular pressure. Western blotting and
immunostaining techniques were used to assess the
activation, proliferation and ion transport property of Müller
cells. Recovery from ischemia performed 24 h after IPC was
evaluated histologically at 7 d following ischemia, with or
without intravitreous administration of glial toxin alphaaminoadipic acid (AAA).

Supported by a grant of the DFG (BR 1643/4-2) to J.H.B and
H.R.-L.
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Results: Upon IPC stimulus, Müller cells directly become
reactive, as evidenced by increased expression of
intermediate filament protein glial fibrillary acidic protein
(GFAP), Cyclin D3, and Kir 4.1. Specific inhibition of Müller
cell response with AAA abolished protective effect elicited by
IPC.

P281
THE EFFECTS OF CONGENITALLY BLINDNESS IN
HUMANS ON INTRINSIC FUNCTIONAL BRAIN
SYSTEMS: A FUNCTIONAL MAGNETIC RESONANCE
IMAGING STUDY
1,2

3

Conclusions: Our data indicate that IPC is capable of
directly stimulating Müller cells and they are major mediators
of IPC-induced protection.
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THE ALTERATION OF WATER PERMEABILITY OF EYE
TISSUES UNDER NONDESTRUCTIVE LASER
RADIATION

Congenital blindness can be characterized by the alteration
of the visual system, which may impact on other brain
systems as well. Evidence for cross modal plasticity in blind
individuals is provided by functional magnetic resonance
imaging (fMRI) activation studies, as well as task absent,
intrinsic functional connectivity (IFC) studies. However, in the
blind, the basic properties of the spontaneous blood
oxygenation level dependent (BOLD) signal have not been
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The new approach to control water permeability of eye tissue
under nondestructive laser radiation is presented.
Experiments have been performed with 20 minipig eyes invitro and with 16 rabbit eyes in-vivo using an Erbium doped
glass fiber laser of 1.56 mkm in wavelength. Variation of
laser power, pulse duration and frequency allowed
establishing optimal laser setting which result in substantial
increase of liquid transport through eye tissue in the
projection of pars plana (flat side) of the ciliary body. Light
scattering measurements in the course of laser treatment of
sclera have been used to study tissue structure alterations
due to non-uniform laser heating. It is shown that laser
settings providing substantial alterations in light scattering
correlate well with laser parameters required for significant
increase of water permeability. The comparison between
reflected and transmitted laser signal through the sclera and
trabecular tissues has allowed to establish the main
requirements responsible for efficacy and safety of the laser
irradiation. The results obtained can be a fundamental for a
new effective method of glaucoma treatment.

mice (p>0.05). Catecholamine depletion did not prevent
NAGly action (-0.62±0.22).
Conclusion: GPR18 agonists, Abn-CBD and NAGly reduce
IOP independently of CB1 or GPR55. The NaGly-mediated
IOP reduction does not involve the adrenergic system, as is
the case for CB1. These findings suggest that GPR18 may
serve as a desirable target for novel ocular hypotensive
medications.
COI/Financial disclosure: Nothing to disclose
P285
DYNAMIC CONTOUR TONOMETRY VERSUS GOLDMAN
TONOMETRY IN PRIMARY OPEN-ANGLE GLAUCOMA
AND GLAUCOMA SUSPECT GROUPS
1,2
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Background: Standard methods of tonometry (including
Goldman tonometry) are influenced by refraction, central
corneal thickness (CCT) and the biomechanical properties of
the eye. The results of dynamic contour tonometry (DCT) do
not depend from CCT, rigidity, and lubrication when the
radius of corneal curvature varies from 5-6 to 10.4 mm and
CCT - from 300 to 700 mcm.

NON-PSYCHOTROPIC CANNABINOIDS AND
CANNABIMIMETIC LIPIDS MODULATE IOP THROUGH A
FUNCTIONAL GPR18-BASED SIGNALING SYSTEM IN
THE ANTERIOR MURINE EYE
3
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Aim: To determine the correlation of the difference (Δ) of
intraocular pressure (IOP), as measured using DCT and by
Goldman tonometry, and Ocular Pulse Amplitude (OPA) with
CCT and refraction.

2

Clinical Vision Science, Ophthalmology & Visual Sciences,
3
Dalhousie University, Halifax, NS, Canada, Psychology,
National Cheng Kung University, Tainan, Taiwan R.O.C.,
4
Psychological & Brain Sciences, Indiana University,
5
Bloomington, IN, USA, Pharmacology, Dalhousie University,
Halifax, NS, Canada

Methods: The group included 20 patients (40 eyes) with
primary open-angle glaucoma (POAG) and glaucoma
suspect (16 women and 4 men), age from 36 to 80 years
(the mean age 59.3±11.3). We used standard
ophthalmological examination, DCT (PASCAL, SMT Swiss
Microtechnology, Switzerland), Perkins tonometer (Kowa,
Japan), corneal module of HRT (Heidelberg engineering,
Germany) and OCT Visante (Carl Zeiss, Germany), for the
correlation analysis - Primer of biostatistics Vers.4.03.The
measurement of IOP by both methods was conducted in one
day. For the PASCAL only the data with quality parameter Q
from 1 to 3 were taken into the account.

Background: IOP reduction by cannabinoids acting at CB1
receptors is mediated via a decrease in noradrenaline
release in the eye (Hudson et al., 2011). Recent
deorphanized receptors, GPR18 and GPR55 are activated
by
behaviorally
inactive/atypical
cannabinoids
Narachidonoyl glycine (NAGly), 0-1602 and abnormal
cannabidiol (Abn-CBD). The role of these receptors in IOP
regulation is unknown. The objectives of this research are to:
1) determine the disposition of GPR18 receptors and ligands
in the anterior murine eye. 2) Examine whether activation of
GPR18 and GPR55 reduces IOP.

Results: The reliable positive correlation between Δ and
CCT (r=0.55, p=0), as well as Δ and OPA (r=0.3, p=0.05),
and between OPA and refraction (r=0.59, p=0), but no
correlation between Δ and refraction (r= -0.04, p=0.82) were
found.

Methods: IOP was measured by rebound tonometry in WT,
-/-/-/CB1 , CB2 and GPR55 anesthetized mice (isoflurane 23%) following a 5-µl topical application of 2% Abn-CBD, 1%
0-1602, 1% NAGly or vehicle (Tocrisolve®). The
GPR55/GPR18 antagonist, O-1918, was injected i.p at 2
mg/kg. C57BL/6J-mice were pretreated with the
catecholamine-depleting agent, reserpine at 2 µg/g
bodyweight 24-hours prior to IOP measurements. GPR18
protein was
assessed with immunohistochemistry.
Endocannabinoids were measured using LC-MS.

Conclusions: Values for IOP obtained by Goldman method
exceed the results acquired by DCT not only in case of thick
corneas but also in case of high OPA, but Δ has no
dependence on the refraction. That is why it makes sense to
apply the corrections to the IOP values in dependence on
refraction, supposed by European Glaucoma Society, in
DCT. The OPA also increases reliably with refraction's
growing to hypermetropia.

Results: GPR18 protein is expressed in the ciliary
epithelium, corneal epithelium, and the trabecular meshwork.
Abn-CBD (2%) significantly (p< 0.01) reduced IOP in WT,
-/-/-/and GPR55
mice with decreases of
CB1 , CB2
1.17±0.44, 1.37±0.48, 0.67±0.08 and 0.85±0.43 mmHg,
respectively. NAGly (1%) produced similar decreases in IOP
of 0.72±0.51, 1.40±0.72, 1.2±0.23 and 0.87±0.51,
respectively, when tested in four mouse strains. The GPR55
receptor agonist, 0-1602 (1%) failed to decrease IOP in WT
mice (p>0.05). Abn-CBD and NAGly did not reduce IOP
-/when co-administered with 0-1918, in WT, CB1 , or GPR55
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COMPARISON OF CORNEAL EPITHELIAL CELL
VIABILITY FOLLOWING EXPOSURE TO DIFFERENT
OPHTHALMIC GLAUCOMA MEDICATIONS AND THEIR
PRESERVATIVES
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W.M. Petroll , J. Whitson , A. Ogundele

2

labeled RGC, whereas CHOP protein was mainly expressed
in GFAP positive glial cells. GFAP positive glial cells
underwent gliosis, and CD11b positive microglial cells were
activated and proliferated. TUDCA treatment effectively
inhibited ER stress marker proteins expression, astroglial
and microglial reactivity, and reduced neuronal cell death
and vascular abnormality within the diabetic retinas.

1

Dept of Ophthalmology, Southwestern Medical Center,
2
Dallas, Alcon Research Laboratories, Fort Worth, TX, USA
The purpose of this study was to evaluate the effects of
different ophthalmic glaucoma medications on human
corneal epithelial cell viability, using an in vitro culture model.
Six different solutions were evaluated: benzalkonium
chloride (BAK, 0.02%), Travoprost preserved with Polyquad
0.001%, Polyquad 0.001%, Tafluprost preservative-free,
Bimatoprost 0.01% preserved with BAK 0.02% and
Latanoprost 0.005% preserved with BAK 0.02%. BSS was
used as a negative control, and methanol (70%) was used
as a positive control. For assay1, human corneal epithelial
cells (hTCEpi cell line) were cultured in collagen-coated 96
well plates using KGM media until confluent. Cells were
incubated with test solutions diluted 1:5 or 1:10 with PBS at
37°C for 10 or 25 minutes. Following incubation, samples
were labeled using the live/dead assay kit from Molecular
Probes, and analyzed using a fluorescence microplate
reader. For assay 2, hTCEpi cells were cultured in collagencoated 24 well plates, and exposed to solutions as described
above. Samples were then imaged using fluorescence
microscopy, and the percentages of live cells was quantified.
The results for assay 1 showed that at both 10 and 25
minutes, significant reductions in the live cell signal were
observed for Bimatoprost 0.01%, Latanoprost 0.005% and
BAK 0.02% as compared to BSS ( P< 0.05, ANOVA),
whereas the other solutions had little impact on cell viability.
In assay 2, the greatest reductions in the percentage of live
cells were again observed for Bimatoprost 0.01%,
Latanoprost 0.005% and BAK 0.02%. Both Travoprost
preserved with polyquad and Tafluprost preservative-free
had similar effects with little impact on cell viability. Overall,
the data suggests that preservative-free solutions or
solutions preserved without BAK are less toxic to the corneal
epithelium.

Conclusions: ER stress played an important role in
diabetes-induced retinal neuronal loss and vascular
abnormalities. Inhibiting ER stress pathway by TUDCA
provided effective protection for DR both in vivo and in vitro.
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TRKB EXPRESSION ON THE DEVELOPING CONES OF
THE RAT RETINA: MORPHOLOGICAL AND
FUNCTIONAL ASPECTS
A. Szabo, A. Lukats, K. Szabo, A. Enzsoly, A. Szel
Department of Developmental Biology and Human
Morphology, Semmelweis University, Budapest, Hungary
Some results indicate that the TrkB neurotrophin receptor is
expressed in M-cones of the adult rat retina. In the present
study we determined the temporal and spatial pattern of
cone-specific TrkB expression during development and
tested if its specific blockade can affect cone differentiation.
Retinas of Sprague-Dawley rats were collected in different
developmental ages and analyzed by immunocytochemistry.
For the functional studies, organotypic retina cultures
allowing M-cone development were prepared from P2 rats
and allowed to develop in culture for 19 days. In order to
neutralize the endogenous neurotrophins acting via the TrkB
receptor, cultures were treated with BDNF- and NT-4specific
antibodies
continuously.
After
histological
processing, the morphology and cone densities of treated
and non-treated control retinas have been compared.
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The expression of TrkB receptor started at P10, at the same
time when the M-opsin appeared. During development, the
TrkB receptor appeared in dual cones expressing both Sand M-opsins. In adults only the mature M-cones expressed
the receptor. The overall retinal architecture was well
preserved both in control and anti-NT-4 treated cultures. In
these groups every retinal layer was well developed and no
major differences could be detected. Although the thickness
of the photoreceptor layer was comparable to that of the
control and anti-NT-4 treated retinas, anti-BDNF treatment
resulted in a remarkable thinning of the inner retina. The
calculated M-cone density in the control cultures was ~4450
3
±870 cell/mm . Interestingly, neither the anti-BDNF nor the
anti-NT-4 treatment had detectable effect on the M-cone
number and similar density values with no significant
differences were calculated in both treated groups.

ENDOPLASMIC RETICULUM STRESS IN DIABETIC
RETINOPATHY
L. Yang
Ophthalmology, Peking University Third Hospital, Beijing,
China
Objective: Endoplasmic reticulum (ER) stress has been
implicated in a wide variety of neurodegenerative disorders
of the central nervous system (CNS). This study was
designed to elucidate the role of ER stress in diabetic
retinopathy (DR), and to investigate the protective effect of
Tauroursodeoxycholic acid (TUDCA), an ER stress
modulator, on diabetes-induced neuronal loss and vascular
abnormalities.

The TrkB receptor is expressed in developing and mature Mcones as well. Its developmental pattern suggests that
neurotrophins may be involved in M-cone development and
function, however, their role in the regulation of M-opsin
expression is unlikely.

Research Design and Methods: Diabetic rats were induced
by intraperitoneal injection of streptozotocin (STZ). Retinal
ganglion cell (RGC) was retrograde labeled with Fluorogold.
Expression of ER stress marker proteins including caspase12, c-Jun N-terminal kinase (JNK) and C/ERB homologous
protein (CHOP) were examined by quantitative real-time
PCR, western blot and immuno-fluorescence. TUDCA was
given by intraperitoneal administration (100mg/kg/day)
beginning 5 days after STZ injection.
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Results: By 8 weeks after onset of diabetes, up to 45% of
cells in ganglion cell layer (GCL) were lost. The expression
of ER stress marker proteins including cleaved caspase-12,
p-JNK and CHOP was significantly up-regulated. Caspase12 and p-JNK proteins were mainly expressed in retrograde

INVESTIGATION ON THE SYNAPTIC CIRCUITRY
ASSOCIATED WITH RETINAL GANGLION CELLS IN
LATE STAGE DEGENERATE RETINA IN THE RD1
MOUSE
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absence of Nrl in rod photoreceptor leads to the conversion
of rods into cone-like photoreceptors. We explored this
-/feature and generated two reporter lines by crossing Nrl
mice with an ubiquitous reporter line (actin-GFP) or a NrlGFP line. These mouse lines were morphologically and
functionally characterized using immunohistochemistry and
electroretinogram (ERG).

2
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Engineering, Centre for Neural Engineering, NICTA
Victoria Research Laboratory, c/- Dept. of Electrical &
5
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To assess the feasibility of cone-like photoreceptors to
integrate into the mouse retina, we isolated cone-like
photoreceptors at different developmental stages and
transplanted them into the adult mouse retina. Their
integration rate was analyzed 2 weeks following
transplantation. We observed that cone-like photoreceptors
correctly integrated into wild type mouse retinas and formed
the morphology of mature photoreceptors including synaptic
terminals and inner segments.

The rd1 mouse model of retinitis pigmentosa (RP) contains a
mutation affecting the β subunit of phosphodiesterase-6,
leading to degeneration of rods followed by cones. This
mutation also exists in humans. In animal models of RP,
including rd1, there is significant remodelling of inner retinal
neurons, including ganglion cells (GCs), in mid and late
stages of the disease. Further, electrophysiological studies
in these models have shown that at early and intermediate
stages of degeneration, ON & OFF GCs displayed a marked
increase of the mean spike rate, while the spike rate
significantly decreased below the normal rate at late stages.
We are interested in the underlying mechanism that causes
the changes in neuronal activity in RP, namely remodelling
of the synaptic circuitry.

These results elucidate the possibility of “cone-like”
transplantation and show, as proof-of-principle, the potential
of cone photoreceptors transplantation for future cell
replacement therapies that affect the cone system, such as
macular-, cone- or cone-rod degenerations.

We used a double mutant transgenic mouse, rd1-Thy1-YFP
for
quantifying
synaptic
inputs
on
GCs.
Immunohistochemical studies on wholemount retina of 6-8
months-old rd1 and wild type (WT) retina were performed
using antibodies specific to ribeye (excitatory synapses) and
gephyrin (inhibitory synapses), imaged with a confocal
microscope, and image analysis was done with Metamorph
software.

COI/Financial disclosure: Nothing to disclose
P291
CHANGES IN ANGLE AND IRIS PARAMETERS AFTER
PHACOEMULSIFICATION IN EYES WITH OCCLUDABLE
ANGLES

Alpha ON (n=4) retinal ganglion cells were observed to have
almost equally constant density of excitatory contacts
2
(27.5±6 per 100 µm of dendrite and 0.36±0.1 per linear µm
of dendrite) in WT retina. In 6-8 months-old rd1 retina, while
the central ON cells maintained the same density, the
density was notably higher in peripheral retina. Preliminary
results also indicated that in WT retina, ON cells showed a
higher density of chemical inhibitory synapses than OFF
cells; however, in RD retina, OFF cells had a somewhat
higher density of inhibitory synapses than WT retina.

1,2

1,2
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Kurimoto
1

Ophthalmology, Kobe City Medical Center Hospital,
Ophthalmology, Institute of Biomedical Research and
Innovation, Kobe, Japan
2

Aim: To analyze angle and iris parameters before and after
lens extraction in eyes with occludable angles.
Methods: We performed anterior segment optical coherence
tomography (AS-OCT) for 28 eyes of 28 Japanese patients
with primary angle closure suspects, primary angle closure,
or primary angle closure glaucoma before and after
phacoemulsification and intraocular lens implant (mean age
± SD, 74.2 ± 6.1 years). Angle opening distance at 500
microm (AOD500), iris thickness (IT) and iris convexity (IC)
were determined using AS-OCT in each quadrant and
averaged under dark and light conditions. IC was defined as
the maximum distance from the posterior boundary of the iris
to the iris plane passing through the pupillary margin of the
iris and iris root.

In conclusion, loss of photoreceptor input appears to create
an imbalance in the excitatory and inhibitory synaptic
circuitry in late-stage retinal degeneration. Further analyses
at different stages of degeneration are underway.
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CONE-LIKE PHOTORECEPTOR TRANSPLANTATION
INTO THE MOUSE RETINA

Results: AOD500 significantly increased from 0.087 ± 0.078
to 0.334 ± 0.080 (p< 0.0001) in dark, from 0.152 ± 0.086 to
0.371 ± 0.072 (p< 0.0001) in light after surgery, respectively.
IT significantly increased from 0.326 ± 0.051 mm to 0.408 ±
0.057 mm (p< 0.0001) in dark, from 0.266 ± 0.038 mm to
0.370 ± 0.050 mm (p< 0.0001) in light after surgery,
respectively. IC significantly decreased from 0.326 ± 0.071
mm to 0.195 ± 0.044 mm (p< 0.0001) in dark, from 0.308 ±
0.078 mm to 0.168 ± 0.044 mm (p< 0.0001) in light after
surgery, respectively.

T.F.S. Ferreira, K. Postel, M. Ader
Technische Universität Dresden DFG-Center for
Regenerative Therapies Dresden Cluster of Excellence,
Dresden, Germany
Human vision mainly depends on cone photoreceptors and
their degeneration is one of the main causes for blindness in
the developed world. Several therapeutic approaches such
as gene- or cell-replacement have been purposed to rescue
photoreceptor degeneration and they have been
experimentally tested but, in regard to cell-based therapies,
very few are focused on cone photoreceptor transplantation.
As the mouse retina only contains few cones (~ 3%), a
source for sufficient numbers of transplantable cones has to
be established. Therefore, this study is focused on the
generation of an alternative source of cone photoreceptors
and its transplantation into the mouse retina.

Conclusion: Lens extraction induces not only widening of
anterior chamber angle but also iris morphological changes
in eyes with occludable angles.
COI/Financial disclosure: Nothing to disclose
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Interestingly, as recently shown (Akimoto et al. 2006) the
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TRANSPLANTATION OF HUMAN ESC-DERIVED RPE
INTO RODENT MODELS OF RETINAL DEGENERATION
1

1

2

1

month. The mean baseline BCVA and CRT were 0.59±0.28
and 481±131 after 12 month. However re-injection was
necessary to maintain the improvement, re-injection was
performed in 24 out of 40 eyes, and the mean number of
injections during 12 month period was 1.93 times per patient.

2

M. Carido , Y. Zhu , B. Benkner , T. Kurth , T. Muench , E.
1
1
Tanaka , M. Ader
1

Center for Regenerative Therapies Dresden, Dresden,
Werner Reichardt Center for Integrative Neuroscience,
Tübingen, Germany

Conclusion: BCVA and CRT improved significantly from the
early stage and the results after 12 months also improved
significantly. However re-injection was necessary to maintain
the improvement. No improvement was observed in BCVA
and CRT of the cases which had longer history than 2 years
since the onset.

2

The purpose of our work is to investigate the effect of hESCderived
retinal
pigment
epithelium
(RPE)
upon
transplantation into two rodent models of retinal
degeneration caused by RPE loss or malfunction.
Particularly, we are interested in assessing cell survival,
rescue effect and functionality.
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Pure RPE cells differentiated in vitro from hESC were
transplanted into the subretinal space of P19-21 RCS rats
and adult wild-type C57BL/6 mice treated with sodium iodate
(NaIO3) to induce retinal degeneration. Control retinae were
transplanted with human fibroblasts, sham-injected or left
untreated. 3 or 6 weeks post-transplantation (NaIO3-mice
and RCS rats, respectively) the retinae were processed for
immunohistochemical
and
ultrastructural
evaluation.
Functional characterization was done by electroretinography
(ERG) (both models) and by measuring visual acuity
(NaIO3-mice).

MUTATIONS IN PRSS56 IN PATIENTS WITH PRIMARY
ANGLE CLOSURE GLAUCOMA
Q. Zhang, D. Jiang, X. Liu, X. Xiao, S. Li, X. Guo
Zhongshan Ophthalmic Center, Sun Yat-sen University,
Guangzhou, China
Recessive mutations in PRSS56 have been reported to
cause angle-closure glaucoma in mice and posterior
microphthalmia or nanophthalmos in human and mice. It is
expected to know if mutations in this gene are responsible
for primary angle closure glaucoma (PACG) in human. The
coding regions of PRSS56 in 189 unrelated Chinese with
PACG were analyzed by Sanger sequencing. Five
mutations, including four missense and one frameshift, were
detected in eight patients with PACG. Of the eight patients,
one had homozygous mutation and the other seven had
heterozygous mutation. It is possible that mutations in
PRSS56 are associate with PACG.

Transplanted hES-derived RPE cells were found up to 6
weeks post transplantation, mainly around the injection site.
Additionally, several donor cells integrated into the host RPE
layer (RCS rats) or formed a monolayer with up to 1650µm
in length on the free Bruch's membrane (NaIO3-mice).
Transplanted cells showed a correct polarization and were
connected via tight junctions. In both models the outer
nuclear layer was significantly thicker after transplantation of
RPE cells in comparison to untreated controls. Interestingly,
donor RPE cells grafted in NaIO3-mice showed ability to
phagocyte shed outer segments. Nevertheless, no difference
was detected between transplanted and control eyes at the
level of ERG nor optokinetic tracking, with no significant
response recorded with any of the methods.
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Transplanted RPE cells are able to survive in the host
environment and show protective effects detected at the
morphological level. The exact mechanism of the observed
protection is not fully understood, since also fibroblasts have
a protective effect, slowing the degeneration process in RCS
rats. However, the observed morphological rescue is not
accompanied by a rescue at the functional level.

FLASH ELECTRORETINOGRAM CHANGES AFTER PRP
FOR DIABETIC RETINOPATHY WITH STANDARD LASER
AND PASCAL LASER
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2

S. Dikshit , R. Narayanan , S. Jalali
1

2

2

Ophthalmology, Smt. Kannuri Santhamma Centre for
Vitreo Retinal Diseases, L V Prasad Eye Institute,
Hyderabad, India
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A randomized controlled trial was conducted to compare the
changes in the flash-electroretinogram (f-ERG) in patients
undergoing PRP for diabetic retinopathy by PASCAL or
standard laser. Nine Patients (16 eyes) in the Pascal group
and five Patients (10 eyes) in Standard laser group were
included in the study. Patients with hazy media, prior vitreoretinal surgery, intra-vitreal Anti-VEGF in previous 3 months,
Neovascular glaucoma, TRD were excluded. All patients
underwent a comprehensive ophthalmic evaluation,
fluorescein angiography, optical coherence tomography and
f-ERG before PRP and at the end of 3 months. The patients
were randomized to receive PRP on either the Pascal
photocoagulator (20mS pulse duration) or the Standard laser
(200mS). The average reduction in the amplitude was
41.16% after PRP (38.28% in the Pascal group and 53.12 in
the Standard group) (p=0.3735). In the Standard group,
there was a decrease in the b/a ratio after PRP across all
waveforms. On the other hand, the Pascal group showed an
increase in the b/a ratio after PRP in the pattern single flash
and 30 Hz flicker. In addition, the reduction the b/a ratio in
the isolated rod response and standard combined response
were lesser than the Standard group. The Pascal group
needed higher power and more number of burns. However,

P293
EFFECT OF INTRAVITREAL BEVACIZUMAB INJECTION
FOR MACULAR EDEMA ASSOCIATED WITH BRANCH
RETINAL VEIN OCCLUSION
K. Sugioka, A. Kodama, C. Matsumoto, Y. Shimomura
Kinki University Faculty of Medicine, Osakasayama, Japan
Purpose: To evaluate the outcome of intravitreal
bevacizumab (IVB) injection for macular edema associated
with branch retinal vein occlusion (BRVO).
Methods: We treated 40 patients with macular edema
associated with BRVO. All patients were administrated
1.25mg/0.05mL of IVB. Best-corrected visual acuity (BCVA)
and central retinal thickness (CRT) were measured at 1, 3,
6, 9, 12 months after injection.
Results: The mean BCVA (logMAR) and the mean CRT
significantly improved at 1 month, 3 month, 6 month and 12
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the fluence delivered in the Pascal group was almost 1/4th of
that in the Standard laser group (p=< 0.001). There was no
difference in the impact on visual acuity, central foveal
thickness, and no complications were recorded in either
group. There is a significant amount of retinal function
damage due to PRP as evidenced by the consistent
reduction in amplitudes and increase in latency. The Pascal
group may be associated with lesser collateral damage
when compared to the Standard laser.

GENETIC COMPLEXITY OF THE CENTRAL CORNEAL
THICKNESS QTL 1 (CCTQ1) LOCUS
1

1

Thin central corneal thickness (CCT) is an important
endophenotype of glaucoma. Our goal is to identify genes
that regulate the magnitude of CCT, using it as an entry
point for studying the etiology of glaucoma. Our previous
work using a quantitative approach with intercrosses
between mice with thin corneas (C57BLKS/J; KS) and thick
corneas (SJL/J; SJL) identified Central corneal thickness
QTL 1 (Cctq1), a ~15 cM region on mouse chromosome 7.
Efforts to narrow this region using N4 congenic mice
indicated the region was recalcitrant to division. This
suggested either more than one CCT-regulating gene exists
within the region or that there was too much genetic
heterogeneity in the N4 mice. Here, we show evidence that
an additional QTL exists adjacent to Cctq1, likely
contributing to the genetic complexity of this trait.
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ALLELIC HETEROGENEITY CONTRIBUTES TO OCULAR
DYSGENESIS VARIABILITY ASSOCIATED WITH COL4A1
AND COL4A2 MUTATIONS
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To determine if more than one CCT-regulating gene exists
within or near Cctq1, the original dataset was analyzed
performing a focused pair-wise scan of chromosome 7 using
R/qtl. Identified interacting loci were subsequently subjected
to ANOVA in which one QTL was dropped at a time, which
assesses support for the individual loci and their interactions.

Purpose: Mutations in type IV collagen alpha 1 (COL4A1)
and COL4A2 cause a spectrum of variable disorders in mice
and humans, including ocular defects. Patients with COL4A1
mutations and mice with Col4a1 or Col4a2 mutations have
ocular anterior segment dysgenesis (ASD), optic nerve
hypoplasia (ONH), and retinal vascular tortuosity.

From the R/qtl analysis, we determined there is a second
CCT-regulating QTL directly next to Cctq1 that has an
epistatic interaction with Cctq1 (full LOD score = 10.1). Using
the full model result and dropping one QTL at a time resulted
-7
-5
in LOD scores of 8.4 (p=7.9(10) ) and 7.0 (p=1.6(10) ) for
Cctq1 and the adjacent locus, respectively, indicating the
interaction between these two loci is important for their
effect.

COL4A1 and COL4A2 are major constituents of basement
membranes. COL4A1 and COL4A2 proteins assemble into
heterotrimers in the endoplasmic reticulum before being
secreted into the extracellular space where they form an
intricate network essential for proper tissue structure and
function. The majority of COL4A1 and COL4A2 mutations
interfere with protein folding, leading to intracellular retention
and impaired secretion of the mutant heterotrimers.
Pathogenicity might therefore result from intracellular
accumulation and/or extracellular deficiency.

These results suggest two adjacent QTL are located on
mouse chromosome 7 which regulate CCT. We have
generated N10 congenic mice harboring both QTL and
continue to utilize these mice in a digenic mapping strategy
designed to map the genes underlying these two QTL.

This study seeks to determine if distinct Col4a1 and Col4a2
mutations have different biosynthetic consequences that
could underlie phenotypic variability and may therefore have
therapeutic implications.
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Methods: We bred an allelic series of 8 different Col4a1 or
Col4a2 mutations onto a uniform genetic background.
Clinical and histological analyses were performed to
characterize ocular dysgenesis resulting from the different
mutations. In addition, mouse embryonic fibroblasts were
derived from each strain for molecular analysis to evaluate
the biosynthetic consequences of each mutation.

A MATHEMATICAL MODEL OF PHOSDUCIN
PHOSPHORYLATION IN LONG TIME DARK AND LIGHT
ADAPTATION IN ROD PHOTORECEPTORS
1

2

2

1

1

J. Dietter , J. Witt , M. Ederer , A. Vogt , N. Kinkl , O.
2
1,3
Sawodny , M. Ueffing

Results: All Col4a1 and Col4a2 mutations lead to ocular
dysgenesis. However, the penetrance and severity varied
between alleles. While the majority of mutations resulted in
increased intracellular levels of COL4A1 and COL4A2 at the
expense of their secretion, molecular analysis suggests the
presence of 3 distinct classes of mutations.
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Phosducin is a yet ill-defined component of signal
transduction of light. In the degenerating retina of rd1, a
mouse model for retinal degeneration (RD) caused by
mutation
of
PDE6ß,
phosducin
is
constitutively
hyperphosphorylated irrespective of light, indicating a
dysfunctional rd1 light/dark response. This correlates with
and is the likely consequence of constitutively active
2+
Ca /calmodulin kinase II (CaMKII) activity in rod outer
segments and may thus serve as an indicator for signal
perturbations in RD [1]. Based on a preexisting model of
phototransduction [2] we have analyzed and modeled the
role of dynamic phosphorylation and dephosphorylation of
phosducin.

Conclusions: There is an allelic influence on the phenotype
and biosynthetic consequences of Col4a1 and Col4a2
mutations. It remains to be determined if allelic and
phenotypic heterogeneity reflects mechanistic heterogeneity
as this could have important implications for therapeutic
interventions.
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SD-OCT. The area around the implant showed subretinal
scarring and ONL atrophy, but continuous inner retinal layers
were maintained. By contrast, controls with bleb RDs only
showed near normal retinal layering. No inflammatory cells
were observed around the ePTFE in semithin sections.
Comparison of quantified layer thickness in areas above and
adjacent to the implant showed no difference at 3 or 7 days,
but atrophy above the implant was observed at 14 days
(inner retina 55.6um±11.0 vs 71.1±10.4; p≤0.05).

We generated a mathematical model of phosphorylation and
dephosphorylation of the two relevant phosphorylation sites
of phosducin, S54 and S73, including the relevant
phosphatases (PP2A, PP1) and kinases (CaMKII and PKA).
Several of these proteines are linked to the
2+
phototransduction cascade by Ca , Calmodulin, and
adenylyl cyclase. Parameter values were taken from the
literature or estimated based on biological considerations.
The resulting system of ordinary differential equations
revealed qualitative to semi quantitative agreement with
experimentally observed phosphorylation of phosducin.

Conclusions: ePTFE substrates can be implanted safely
into the subretinal space and are tolerated over 2 weeks.
Outer retinal atrophy above the implant area is observed, as
had been described by others. Future aims are cotransplantation of RPE cultured on these substrates.

Modeling will help hypothesis building on the likely
physiological role of phosducin within photoreceptor
transport dynamics. With respect to a role of phosducin in
RD, this may help to understand its function as an element
of perturbed dark and light adaptation.

Acknowledgements: A private charity, Foundation for the
Prevention of Blindness, Ruediger Foundation ; Gerok/
BONFOR; State Scholarship Fund/China Scholarship
Council 2008627116

References:
[1] Hauck SM, Ekström PA, Ahuja-Jensen P, Suppmann S,
Paquet-Durand F, van Veen T, Ueffing M. Differential
modification of phosducin protein in degenerating rd1 retina
is associated with constitutively active Ca2+/calmodulin
kinase II in rod outer segments. Mol Cell Proteomics,
2006;5,324-36.

COI/Financial disclosure: Financial support: A private
charity, Foundation for the Prevention of Blindness,
Ruediger Foundation ; Gerok/ BONFOR; State Scholarship
Fund/China Scholarship Council 2008627116
P300

[2] Dell´Orco, D.; Schmidt, H.; Mariani, S. Fanelli, F.
Network-level analysis of light adaptation in rod cells under
normal and altered conditions. Mol Biosyst, 2009;5,12321246

VISUAL EVOKED RESPONSE IN AREAS OF RESIDUAL
VISION IS RELATED TO IMPROVED VISUAL
FUNCTIONING INDUCED BY TRANSORBITAL
ALTERNATING CURRENT STIMULATION
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QUANTIFICATION OF RETINAL THICKNESS
FOLLOWING IMPLANTATION OF ACELLULAR
SURFACE-MODIFIED EXPANDED
POLYTETRAFLUOROETHYLENE (EPTFE) IN A RABBIT
MODEL USING SD-OCT AND HISTOLOGY.
1
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2

Visual field defects can be subdivided into areas with normal
vision, areas of absolute visual blindness with no light
detection, and areas of residual vision (ARV) (“relative
defects”), where detection ability is impaired but not absent.
Little is known about the nature of ARV and their underlying
mechanisms but they may play a crucial role in vision
restoration.
Visual evoked potentials (VEP) were studied in 20 patients
with visual field loss due to optic nerve damage. VEP were
measured during a discrimination task (circle vs. square;
1x1° of visual angle) performed in the intact visual field,
ARV, and absolute defect area. While the amplitude of P300
differed between visual field states, (F(4)=5.78; p< 0.01),
there was no difference between visual field states for the
P100 (F(4)=0.37; p< 0.78) or N175 amplitudes (F(4)=1.55;
p=0.21).
Seventeen patients were then treated with 10-days of noninvasive repetitive transorbital alternating current stimulation
(rtACS) to enhance visual functioning which typically is seen
in ARV (Sabel et al. Restor Neurol Neurosci 2011). While
rtACS (n=9) led to improved perimetry performance, no
significant change was observed in the sham-stimulation
group (n=8). Analysis of the late positive peak (500-600ms,
shaded area) shows post-therapy amplitude increase in
intact (p=0.003) and ARV regions (p=0.001) in the rtACS
group.
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Background: A potential treatment for age-related macular
degeneration (AMD) is sub-retinal transplantation of cultured
cells on a synthetic cell carrier. Here we studied the
implantation of acellular surface-modified expanded ePTFE
in a rabbit model using SD-OCT and histology.
Methods: Acellular ePTFE membranes of standard size
(2.4x 1.1x 0.03mm) were transvitreally implanted into the
subretinal space following a core-vitrectomy in a consecutive
series of 18 female, 2-2.5kg Chinchilla-Bastard rabbits. They
were followed up on days 3, 7 and 14 with calibrated SDOCT (Spectralis, Heidelberg Engineering,). The animals
were perfusion fixed 2 weeks post-surgery. Samples were
embedded in Epon 812, cut into semithin sections and
stained using toluidine blue. Analysis of retinal layer
thickness above and adjacent to the ePTFE implant was
performed using relevant software followed by statistical
analysis.
Results: ePTFE could be implanted in the subretinal space
using a custom-made shooter instrument. The overlying
neural retina was shown to be attached by 3-7 days using
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variation in optic disc size defined in GWA studies of normal
human populations. The dual enhancers may reinforce
Atoh7 expression during early critical stages of eye
development when retinal neurogenesis is initiated.
Our results show that arPHPV, NCRNA and vitreoretinal
dysplasia are etiologically related disorders, with ganglion
cell agenesis as the primary defect, and overgrowth of
intravitreal fetal blood vessels and early retinal detachment
as secondary phenotypes.
Supported by NIH grants EY14259 and EY19497 and The
Glaucoma Foundation.
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Thus, we obtained physiological evidence that changes in
both ARV and in the intact visual field play a role in vision
restoration after optic nerve damage. We conclude that
rtACS may elevate decreased cortical excitability thereby
enhancing vision restoration.

LIGHT-ADAPTATIONAL SHIFTING OF SPATIAL
CONTRAST SENSITIVITY IN THE CHICKEN RETINA - A
ROLE FOR DOPAMINE
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Background: Spatial contrast sensitivity (CS) is tuned to
spatial frequency (SF), peaking at intermediate SF and
decreasing above and below that. This bandpass function is
maintained under light and dark adaptation; however, dark
adaptation causes peak CS (CSmax) to decrease and shift to
lower SF. In the retina, horizontal cells (HCs) provide firststage inhibition and contrast enhancement, whose strength
is modulated by HC coupling via gap junctions - e.g., by
neuromodulators such as dopamine (DA), whose synthesis
and release are stimulated by light and reduced in darkness.
Hypothesis: HC coupling is strong and CS weak in the dark.
Light-stimulated DA-release reverses this, causing CSmax to
increase and shift to higher SF.
Methods: White Leghorn cockerels, on 12:12 light cycle
(07:00-19:00), were tested at P5-P14. Sine-wave spatial
contrast thresholds for the optokinetic response (OKR) were
measured in daytime using OptoMotry®, mean luminance
2
2
+1.74 log cd/m or -0.96 log cd/m . Light-adaptation was
mimicked in dark-adapted chicks by intravitreal injection of
nonselective DA agonist 6,7-dihydroxy-2-aminotetralin
(ADTN, 1µmole) in one eye, vehicle control in the other,
under dim red light; drug and control eye OKRs were tested
separately 30 minutes later.
Results: In darkness, CSmax was reduced 50% (15.0 to 7.5)
and shifted to lower SF (0.5 to 0.32 cyc/deg). ADTN shifted
CS towards the higher-luminance function (Figure).

ATOH7 MUTATIONS IN CONGENITAL OPTIC NERVE
AND RETINOVASCULAR DISEASE
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The vertebrate basic helix-loop-helix (bHLH) transcription
factor ATOH7 (Math5) is expressed in the embryonic neural
retina and required for genesis of retinal ganglion cells
(RGC) and optic nerves. In Atoh7 mutant mice, the absence
of trophic factors secreted by RGCs prevents development
of the intrinsic retinal vasculature and regression of fetal
blood vessels, causing persistent hyperplasia of the primary
vitreous (PHPV). We therefore screened patients with
bilateral optic nerve aplasia or hypoplasia, autosomal
recessive PHPV, or the related retinovascular disease
NCRNA (nonsyndromic congenital retinal nonattachment),
for mutations in ATOH7.
We identified an ATOH7 basic domain mutation (N46H) in
the PHPV family linked to 10q21. Functional analysis of
bHLH domain substitutions, by electrophoretic mobility shift
and luciferase cotransfection assays, revealed that the N46H
variant cannot bind DNA or activate transcription, consistent
with structural modeling. The N46H variant also failed to
rescue RGC development in mouse Atoh7 -/- retinal
explants.
In the NCRNA pedigree, we identified a 6.5 kb deletion
spanning a remote 5' regulatory element, which acts as a
duplicate or 'shadow' transcriptional enhancer for ATOH7.
The proximal and remote elements drive transgene
expression in the mouse retina with an identical
spatiotemporal pattern as Atoh7. The deleted sequence also
functions in zebrafish, reflecting deep evolutionary
conservation, and colocalizes with the major determinant for

Conclusions and Future Directions: Under photopic
conditions, increased release of DA increases CS and
spatial resolution of the OKR, possibly by reducing
288

intercellular coupling in the retina. Future experiments will
test the effects of DA-R antagonists in light, and non-DA
gap-junction blockers in darkness.

Trusopt and Pilocarpine, finally the last group with Xalatan.
The Conjunctival inflammation was evaluated with light
microscopy.

Support: NSERC and FFB Canada-EYEGEYE Research
Training Fund to W.K. Stell

Results: Examination of the conjunctival biopsies revealed
profound changes on the histological parameters, an
inflammatory reaction on the connective fabric with a
vascular congestion, oedema and a leucocytic inflammatory
infiltrate, a disappearance of caliciform cells, exulceration of
the mucous membrane, abrasion and malpighien metaplasia
on the epithelium. The frequency of appearance of these
deteriorations is according to the treatment and to its
duration.
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ANATOMICAL EVIDENCE FOR GLYCINERGIC
MODULATION OF MELANOPSIN-EXPRESSING
GANGLION CELLS BY A NEWLY DESCRIBED
BISTRATIFIED AMACRINE CELL IN PRIMATE RETINA

Conclusion: Although the adverse effects of glaucoma
medications on the ocular surface are likely multifactorial.
We noted that the use of only one drug, applied for more
than 10 months causes significant modifications concerning
the histology of the connective tissue. In addition, the
application of a combined therapy revealed more
conjunctival lesions than the mono therapy.

S. Neumann, S. Haverkamp
Neuroanatomy, Max-Planck-Institute for Brain Research,
Frankfurt/Main, Germany
Melanopsin-expressing ganglion cells are intrinsically
photosensitive irradiance detectors and are involved in
important non-image forming visual tasks. In addition,
melanopsin-expressing ganglion cells are engaged in the
classical photoreceptor circuitry and are subject to inhibitory
modulation from amacrine cells. In primate retina outer (M1)
and inner (M2) melanopsin-expressing ganglion cells display
blue-OFF, yellow-ON opponency (Dacey et al., 2005). Blue
cone bipolar cells are ON cells, therefore the origin of the
“blue-OFF” signal remains uncertain. One could hypothesise
that this colour opponency is established through inhibition
via glycinergic small-field amacrine cells. Indeed, we found
that the outerstratifying M1 cells preferentially express
glycine receptors containing the alpha 2 subunit (GlyRα2)
(Neumann et al., 2011). Using an antibody against
Synaptotagmin-2 (Syt2) we were now able to selectively
label and investigate a type of bistratified amacrine cell in the
macaque retina. The bistratified cells have a dense dendritic
plexus in the OFF- and few dendrites stratifying in the ONlayer. They receive both OFF and ON cone bipolar as well
as rod bipolar cell input. Triple labeling revealed convincing
examples for synaptic input from Syt2 amacrine cells onto
M1 cells via GlyRα2. Currently we investigate if Syt2 cells
receive direct blue cone bipolar cell input and invert the blueON signal through its inhibitory output onto M1 cells in blueOFF.

Glaucoma, Medical Ophtalmological Center of QanaqerZejtun, Erevan, Armenia

In summary, we propose an amacrine cell type as candidate
that mediates colour opponency in the outer melanopsinexpressing ganglion cell in primates.
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MORPHOLOGICAL CHANGES OF THE ANTERIOR
SEGMENTS OF RABBIT EYE TISSUES CAUZED BY
TRAVATAN, TAFLOTAN, TAFLOTAN PREZERVATIVEFREE,TRAVATAN PERZERVATIVE- FREE
M.S. Harutyunyan

Our purpose was to compare in vivo the effects of
prostaglandins (prezervative-containing and prezervativefree) on the morphological changes of the anterior segments
in eye tissues of rabbits.Laboratory studies were conucted
on 40 shershella rabbits.Rabbits were divided into 4 groups,
each of them consisting of 10 rabbits, which were 4 mounths
and 2 kg waight.Each rabbit`s right eye is adopted as the
control group and the left-experimental group. So there were
5 groups: 4 experimental and 1 control. The staining are
painted with hemotoxylin-eozin. Morphological changes have
been revealed in the each group in anterior segments eye
tissues of rabbits.
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MORPHOLOGICAL CHANGES DONE BY TRAVATAN,
TAFLOTAN, TAFLOTAN PRESERVATIVE FREE AND
TRAVATAN WITH POLIQUAD IN THE ANTERIOR
SEGMENTS IN EYE TISSUES OF RABBITS

P304
TOXIC EFFECTS OF ANTIGLAUCOMA TOPICAL
MEDICATIONS ON THE CONJUNCTIVA - A
HISTOLOGICAL STUDY

M.S. Harutyunyan
Glaucoma, Medical Ophtalmological Center of QanaqerZejtun, Erevan, Armenia

H. Mehida, S. Moulessehoul
Biotoxicology Laboratory, University of Sidi Bel Abbes, Sidi
Bel Abbes, Algeria

The purpose: Compare (in vivo) the effects of
prostaglandins preservative-containing and preservative free
drugs.The experiments have been done on 40 rabbits, 10
ones in each of the 4 groups.

Aims: To evaluate the extent of epithelial conjunctival
changes associated with prolonged use of topical glaucoma
medications.

1. Travatan (Alcon)
Material and methods: Forty eye of glaucomatous patients
treated with various eye drops (Timolol, Trusopt, Pilocarpine
and Xalatan) and for different lengths of time were selected
and classified in five groups: the first group received Timolol,
second was treated with Timolol and Pilocarpine, the third
one with Timolol and Trusopt, the fourth with Timolol,

2. Taflotan ( Santen)
3. Taflotan Preservative free ( Santen)
4. Travatan with polyquad( Alcon)
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Purpose: The retinal degeneration (rd) 1 mouse is a well
studied human homologous mouse model for RP. In rd1
mice, the gene encoding for the beta subunit of the rod
photoreceptor cGMP phosphodisterase 6 (PDE6) is mutated
and consequently non-functional. Poly(ADP-ribosyl)ation
turnover is involved in many cellular processes such as DNA
repair, transcription, cell differentiation and cell death and is
regulated by the synthesizing enzyme poly(ADP-ribose)
polymerase (PARP) and the degrading enzyme poly(ADPribose) glycohydrolase (PARG). It was previously shown that
excessive PARP activation was involved in photoreceptor
degeneration in the rd1 mouse. However, there is no data
about the relevance of PARG in photoreceptor degeneration.
To investigate the role of PARG for photoreceptor cell death
and survival, we studied retinal morphology and response to
pharmacologically induced retinal degeneration in PARG
knockout (KO) mice.

For 90% of the 1st group and for the 80% of the 2nd group is
prevalent the hiperchromia. There can be seen a
proliferation and little erosions in the epithelium of corny.
There can be seen sclerotic changes and a fracture of fabric
filaments in the eyes of the first group. There is also visible a
swelling of iris with blooded and widened vessels. There are
also visible a sweeling and a separation of the filaments of
the fabric stratum. The hiperchromia of the iris is
approximately 80% in the 3 group and is 60% in the 4 group.
But there can also be seen a widening of ciliar venes and the
Schleiman channel. The rabbits of this group have no
proliferation and erosions of epithelial membrane. In the
eyes of the fourth group the Schleiman channel is
transformed.There cannot be seen a progress of the
sclerotic process, fracture of fabric vesels and erosions.

Methods: Retinal explants derived from wild-type and PARG
KO animals were cultured in vitro with/without zaprinast, a
selective inhibitor of PDE6, to mimic the rd1 situation.
Immunofluorescent detection of cGMP staining, TUNEL
staining, PARP activity and poly(ADP-ribose) (PAR)
immunohistochemistry were performed for analysis of
zaprinast effects, cell death, PARP activity, and PAR
accumulation, respectively.

[Table 1]
Conclusion: The research has shown that the preservative
BAQ has a more toxic influence on the anterior segments in
eye tissues than the POLYQUAD.

Results: Immunofluorescence showed that in both wild-type
and PARG KO retinal cultures zaprinast treatment induced
an accumulation of cGMP in the outer nuclear layer (ONL).
Detection of degenerating cells using the TUNEL assay
showed a significant increase of dying photoreceptors only in
zaprinast treated wild-type retinae but not in zaprinast
treated PARG KO retinae. Similar results were obtained
when PARP activity assay and PAR immunohistochemistry
were used for detection of PARP activity and PAR
accumulation.
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THE DOUBLE-STRANDED RNA-BINDING PROTEIN
STAUFEN 2 CONTROLS CELL PROLIFERATION AND
EYE SIZE DURING DEVELOPMENT

Conclusions: PARG may have important functions in retinal
photoreceptor cell death. An understanding of the causative
roles of PARG in retinal degeneration could shed new light
on the pathways for PAR degradation and PAR signaling.

P.P. Monnier, D. Cockburn, J. Charish
Genetics and Development, University Health Network,
Toronto, ON, Canada
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Regulation of tissue size is a poorly understood process.
Mammalian Staufen 2 (Stau2) is a double-stranded mRNA
binding protein known to regulate dendrite formation in vitro
as well as cell survival and migration in vivo. Three Stau2
isoforms have been identified in the nervous system of
mammals. Here we show that three Stau2 isoforms are also
expressed in the developing eye of chicken embryos. Down
regulation of Stau2 in vivo resulted in a small eye phenotype
known as microphthalmia. Interestingly, this phenotype did
not result from either increased cell death or differentiation
but from a reduced cell proliferation. Moreover, Stau2
ectopic-expression was sufficient to induce the formation of
a larger eye suggesting a specific biological role of Stau2 in
the eye morphogenesis. Finally, all three Stau2 isoforms
present in the developing eye prevented microphthalmia as
shown by rescue experiments. The presented data highlight
a new biological function for Stau2 and suggest that
translation control of specific Stau2-associated transcripts
may be a key regulator of tissue size.
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COMMON MICRO RNAS (MIRNAS) DOWN-REGULATE
COMPLEMENT FACTOR H (CFH) IN ALZHEIMER'S
DISEASE (AD) AND IN AGE-RELATED MACULAR
DEGENERATION (AMD)
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Alzheimer's disease (AD) and age-related macular
degeneration (AMD) are complex and progressive
inflammatory degenerations of the human neocortex and
retina. Recent molecular, genetic and epigenetic evidence
indicate that at least 4 micro RNAs (miRNAs) - including the
NF-кB-regulated miRNA-9, miRNA-125b, miRNA-146a and
miRNA-155 - are progressively up-regulated in both AD and
AMD. This quartet of up-regulated miRNAs in turn downregulates a small brain- and retinal-cell-relevant family of
target mRNAs, including that encoding complement factor H
(CFH), a major negative regulator of the innate immune and
inflammatory response. Together miRNA-146a and miRNA155 recognize an overlapping miRNA regulatory control

COI/Financial disclosure: Nothing to disclose
P308
PARG IN PHOTORECEPTOR DEGENERATION
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Institute for Ophthalmic Research, Centre for
Ophthalmology, University Clinics Tuebingen, Tübingen,
Germany
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(MiRC) region in the human CFH 3'-untranslated region (3'UTR; 5'-TTTAGTATTAA-3') to which either of these miRNAs
may interact. Progressive, pathogenic increases in specific
miRNA binding to selective regulatory domains located
within the 232 nucleotide CFH 3'-UTR may be a major
regulator of CFH expression down-regulation, and the
inflammatory pathology that characterizes AMD and AD. The
data presented in this report provides significant evidence
that up-regulation of brain- and retinal- abundant miRNAs,
including miRNA-9, miRNA-125b, miRNA-146a and miRNA155, are common to the pathogenetic mechanism of CFH
deficiency that drives inflammatory neurodegeneration in
both the aging human neocortex and retina.

EYE FIXATION DURING NATURAL SCENE PERCEPTION
OBEYS MAXWELL'S LAW
1

1

3

2

When we explore a visual scene, the eyes make saccades
to rapidly jump from one area to another and fixate regions
of interest to extract useful information. During fixation,
different types of small eye movements occur: tremor, drifts,
and microsaccades. While the role in vision of fixation eye
movements has been widely studied, their random nature
has been a hitherto neglected issue. Here we conducted two
experiments to examine the Maxwellian nature of eye
movements during fixation. In Experiment 1, eight
participants underwent timely free viewing of natural scenes
displayed on a computer screen while their eye movements
were recorded using a low sample frequency video eye
tracker. For each participant, the probability density function
(PDF) of eye movement amplitude during fixation obeyed the
law established by Maxwell for describing molecule velocity
in gas. Only the mean amplitude of eye movements varied
with the level of expertise of participants in perceiving natural
scenes. In Experiment 2, two participants underwent timely
fixed viewing of natural scenes and of their scrambled
version displayed on a computer screen while their eye
movements were recorded using high sample frequency
video eye tracker. Again, the PDF of eye movement
amplitude during fixation obeyed Maxwell's law for each
participant and for each scene condition (normal or
scrambled). The results suggests that eye fixation during
natural scene perception describe a random motion similar
to that of molecules in gas or of particles in organic bodies
regardless of top-down (Exp. 1) or of bottom-up (Exp. 2)
processes.
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EFFECT OF LATANOPROST ON CHOROIDAL BLOOD
FLOW REGULATION IN PRIMARY OPEN ANGLE
GLAUCOMA PATIENTS COMPARED WITH HEALTHY
SUBJECTS
W.-D. Ulrich, A. Moeller, C. Ulrich
Private Practice Ophthalmology, Borna, Germany
Background and aims: Choroidal blood flow (ChBF)
regulation in glaucoma. The present study investigated the
relation between ocular perfusion pressure (OPP) and ocular
pulse blood volume (OPV) in glaucoma before and after
treatment with Latanoprost compared with healthy subjects.
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Methods: The relation between ocular perfusion pressure
(OPP) and OPV was measured with a new ocular pressure
flow analyzer system (PFA, tpm Lüneburg). OPP was
changed by raising IOP applying the suction cup method
described by Ulrich/Ulrich. 27 patients with POAG and an
age matched group of healthy subjects were included in the
study.
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THE MORPHOGENETIC ROLE OF THE NEURAL CREST
IN OCULAR DEVELOPMENT
S. Creuzet
Institute of Neurobiology, CNRS, Gif-sur-Yvette, France

Results: The characteristic pressure flow curve in normal
eyes is composed of a steady part representing the
regulative capacity covering 20 to 26 mm Hg and a declining
part starting from a critical point at approximately 30 to 35
mm Hg mean OPP. In POAG patients the pressure flow
curve shows different stages of behavior: 1. The steady part
is extended; 2. The critical point moves to higher OPP and
the steady part shortens and the autoregulative capacity
drops. 3. The steady part of the pressure flow curve has
disapeared denoting complete loss of regulation.
Latanoprost reduces IOP and choroidal regulatory range
increases.

In Vertebrate eye is a composite ectodermal structure
associating neurectodermal and placodal anlagen. The
developing eye early benefits on from a mesenchymal
ectoderm-derived component, the neural crest (NC). The NC
originates from in a neural fold bulging at the margin of the
neural epithelium in early neurula. While the cephalic
neuroepithelium engages its dorsal closure to form the
neural tube, NC cells (NCC) detach and become
mesenchymal. Due to their migratory properties, they
pervade the ocular area where they yield a broad range of
derivatives. We have revisited the contribution of the neural
crest cells to the intra- and peri-ocular structures using
embryonic chimeras. In the anterior segment, two main
areas of neural crest differentiation can be distinguished: an
ocular one comprising the iris, the ciliary process and the
cornea that delineate the anterior optic chamber, and a
periocular one including the nictitating membrane and
eyelids. To date, little is known about the signalling pathways
required for the specification of the crest-derived ocular
mesenchyme and, in turn, the morphogenetic role of NCC on
ocular development. By combining microsurgery, long-term
cell lineage tracing , and in vivo electroporation for functional
studies, we have focused our interest on the molecular
pathways responsible for the morphogenetic role of the NCC
in these processes. We provide novel insights into epithelio-

Conclusions: Ocular blood flow dependent on OPP was
lower in the POAG patients compared with that of the
healthy subjects. In POAG the pressure flow curve may
reflect any stage between low and complete loss of choroidal
regulation. Latanoprost improves ChBF regulation as the
result of IOP reduction.
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mesenchymal crosstalks involved in eye development. The
spectrum of ophthalmic abnormalities illustrates the varied
ways whereby the basic embryological mechanisms
involving the cephalic NC may diverge from the normal
program, and can account for systematic variation in cell
signalling or molecular pathways in embryos. These data
shed a new light for understanding the aetiology of
congenital malformations in Humans.

Institute of Medical Psychology, Otto-von-Guericke
University, Magdeburg, Germany
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CVI is usually not complete but some structures are typically
spared by the damage including (i) areas of partial damage
at the visual field border, (ii) “islands” of surviving tissue
inside the scotoma, (iii) extrastriate pathways unaffected by
the damage, and (iv) down-stream, higher-level neuronal
networks. However, residual structures have a triple
handicap: (i) fewer neurons, (ii) lack of sufficient attentional
resources because the intact hemisphere causes
excitation/inhibition imbalance, and (iii) disturbance in
temporal processing and network synchronization. Because
of the resulting activation loss, residual structures contribute
little to every-day vision, and their “non-use” further impairs
synaptic strength.

Vision loss after retinal or cerebral visual injury (CVI) is
considered irreversible. However, there is considerable
potential for vision restoration and recovery even in
adulthood. The “residual vision activation theory” describes
how visual functions can be restored (Prog.BrainRes.2011).
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GANGLION CELL LOSS INDUCED BY PANNEXIN1
CHANNEL ACTIVATION IN RETINAL ISCHEMIA
1,2
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But residual structures can be reactivated by repetitive
stimulation with: (i) visual experience, (ii) visual training, or
(iii) non-invasive electrical brain current stimulation. These
methods lead to the strengthening of synaptic transmission
and synchronization of the partially damaged structures
themselves (“within-systems plasticity”) and of downstream
neuronal networks (“network plasticity”). This synaptic
plasticity can lead to partial vision restoration which can be
induced at any time after the lesion, at all ages and in all
types of visual field impairments after retinal or brain
damage. If and to what extent vision restoration can be
achieved is a function of the amount of residual tissue and
its activation state. However, sustained improvements
require repetitive stimulation which, depending on the
method, may take days (non-invasive brain stimulation) or
months (behavioral training). But not all patients benefit from
such methods but when successfully activated, residual
structures become again engaged in every day vision and
(re-) activation outlasts the stimulation period and improve
quality of life.

Membrane channels formed by pannexin1 (Panx1) are
activated by purinergic P2 receptor stimulation, mechanical
stress and ischemia. In vitro studies proposed that the
opening of the pannexin1 hemichannels may play a role in
neuronal death. In this study, we utilized Panx1knockout
mice to directly test this hypothesis in a mouse models of
retinal ischemia. Retinal ganglion cell (RGC) tolerance to
ischemia was tested in models of oxygen/glucose
deprivation (OGD) and retinal ischemia-reperfusion (IR). Cell
death was measured using Annexin V/propidium iodide
labeling in primary cells, or by counting the beta-III Tubulinlabeled neurons in the ganglion cell layer (GCL) in flat
mounted retinas. Membrane permeability was assessed
2+
using calcein-AM leakage assay and Ca entry was
measured by ratiometric fura2 dye. We used patch-clamp
single-channel recording in freshly isolated wholemount
mouse retinas, followed by morhometric phenotyping to
identify a sub-population of GCL neurons most vulnerable to
Panx1-mediated degeneration.

COI/Financial disclosure: Nothing to disclose

Panx1 deficiency resulted in a 28.2% and 21.8% increase in
survival of RGCs in Panx1 knockout (KO) vs. wild type (WT)
retinas challenged by 1 hour IR. The percentage of apoptotic
and necrotic cells in post-ischemic KO vs. WT retinas
decreased by 26 % and 13.5%, respectively. Ischemiainduced membrane permeability, observed in WT RGCs,
was blocked both in KO and WT retinas pre-treated with
Panx1 blockers. In patch-clamp recordings from identified
GCL neurons, we detected Panx1-specific currents in
response to stimulation in RGCs. These currents were not
ubiquitous, varied across distinct RGC classes and were
only detectable in WT vs. KO retinas.
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INTEGRATING GENE EXPRESSION AND GENETIC
STUDIES TO REVEAL EYE GROWTH PATHWAYS
INVOLVED IN MYOPIA
1
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One approach to identifying eye growth control pathways
involves identifying polymorphisms associated with variation
in myopia. The other involves documenting changes in gene
expression in animal models. The extensive data on the
genetics of high myopia has identified two major clusters of
mutations. One affects the functions of photoreceptors and
ON-bipolar cells, and is generally associated with myopia
associated with congenital stationary night blindness. The
other affects scleral extracellular matrix constituents. Not all
genetic associations with high myopia fit into these clusters,
but these two clusters define two plausible ends of the
growth control pathway - one in the outer retina and one in
the sclera. Mutations in these pathways generally do not
appear to play a significant role in the aetiology of less
severe myopia. A critical question is which pathways link
these two clusters. There is only one replicated mutation
associated with lower levels of myopia. However, gene
expression studies have identified a significant role for retinal

In conclusion, our results indicate that robust activation of
Panx1channels disrupts neuronal tolerance to ischemic
injury, affecting predominantly RGCs. This mechanism
sheds new light on high vulnerability of these neurons to
ischemic degeneration.
COI/Financial disclosure: NIH grants EY021517(VIS), EY
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VISION RESTORATION AFTER BRAIN AND RETINA
DAMAGE: THE "RESIDUAL VISION ACTIVATION
THEORY"
B. Sabel, P. Henrich-Noack, A. Fedorov, C. Gall
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2

dopaminergic, cholinergic and GABAergic pathways in the
control of eye growth. These three pathways affect the
expression of the immediate early gene Egr1, with
decreased expression associated with increased eye growth,
and vice versa. There is a plausible link between
photoreceptor and ON-bipolar cell function in the outer retina
and the pathways that control dopamine release. Downstream, retinoic acid may play a role as a messenger
between retina and choroid and choroid and sclera. Further
gene expression studies on these pathways are therefore
warranted. Candidate gene studies should also examine
these pathways for association with human myopia.

Kansas City, MO, Center for Plant Lipid Research,
Department of Biological Sciences, University of North
Texas, Denton, TX, USA
N-Acylethanolamines (NAEs) are lipophilic messenger
substances that play a role in lipid, calcium, kinase,
cannabinoid and vanilloid receptor signaling. In response to
injury, upregulation of NAEs results in cellular protection. We
measured the protective properties of the three NAEs, Npalmitoylethanolamine (NAE 16:0), N-lauroylethanolamine
(NAE 12:0) and N-linoleoylethanolamine (NAE 18:2) in a
rodent model of glaucomatous retinopathy. We tested the
hypothesis that NAE 12:0, NAE 16:0 and NAE 18:2 lack
binding to classical NAE targets, such as cannabinoid and
vanilloid receptors, but rather regulate intracellular calcium
homeostasis thereby protecting retinal ganglion cells
(RGCs), optic nerve head astrocytes (ONHAs) and the optic
nerve from structural and functional degeneration. NAEs
were delivered daily, either intravitreally or intraperitoneally,
in animals with raised intraocular pressure. Visual acuity and
contrast sensitivity were determined with behavioral testing
of the optomotor reflex. Using TUNEL histochemistry,
immunohistochemistry and live cell imaging the viability of
RGCs and ONHAs and the structural integrity of the optic
nerve were measured. Systemic or intravitreal delivery of the
tested NAEs, which do not bind cannabinoid and vanilloid
receptors, generated a significant reduction in hallmarks of
RGC, ONHA and optic nerve degeneration and
concomitantly reduced the decline in visual function
significantly. Calcium toxicity in RGCs and ONHAs was
attenuated by NAEs after disease onset. NAE treatment
rendered visual performance and histological phenotypes
indistinguishable from age-matched and contralateral
controls, whereas vehicle treatment of controls led to a
continued decline of visual performance and of RGC and
axon counts with age. Cellular protection of RGCs and
functional protection of visual performance in glaucomatous
retinopathy by treatment with NAEs was highly significant
and dose-dependent. Therefore, NAE 12:0, NAE 16:0 and
NAE 18:2 have a significant potential for development as
therapeutic agents in primary open angle glaucoma and
potentially other forms of glaucomatous retinopathy.

COI/Financial disclosure: This work has been supported
by a grant from the Australian Research Council
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THE MORPHOGENETIC CONTRIBUTION OF THE
CEPHALIC NEURAL CREST TO THE DEVELOPING EYE
S. Sghari
Unité de Recherche N&D Neurobiologie et Développement,
Institut de Neurobiologie-Alfred Fessard, Gif Sur Yvette,
France
The cephalic neural crest cells (CNCC) generate most of the
skeletal tissues encasing the developing forebrain and sense
organs and provide the anterior neural and sensory
neuroepithelium with functional vasculature. Recent data
from our group show that the CNCC also exert critical trophic
effects on the development of the optic vesicles. In absence
of CNCC, embryos exhibit severe ocular defects similar to
congential malformations in Humans : aniridia, corneal
defects, congenital coloboma, disorganized lens, eyelid
agenesis, strabismus In the most deletrious conditions, the
absence of CNCC can result in cyclopia. Such a phenotype
likely points out to a transient crest-dependent molecular
requirement that has not been identified so far. This
condition is accompanied by the down-regulation of several
genes that are normally expressed in the brain. Such is the
case for Fgf8 expression in the anterior neural ridge (ANR)
considered as the prosencephalon organizer. This effect
results in the overexpression of signals that are produced by
the pre-chordal plate (PCP). Under this condition, the
detrimental effect on the development of the optic vesicles is
more specifically mediated by the up-regulation of Bmp7 in
the PCP. Our preliminary results show that the injection of
exogenous Bmp7 protein within the PCP area at 5-6 ss in
normal chick embryo strongly affected optic development
and resulted in a complete loss of Fgf8 expression in the
ANR. Consequently, operated embryos exhibit a cyclopean
morphology on which the presumptive telencephalic territory
is biased toward a retinal fate. Our works unravels some of
the molecular mechanisms involved in this process. We
show that the CNC cells, while migrating dorso-laterally,
exert opposing effects to the signals produced by the PCP,
ventrally, to control the cerebral and sensory fates of the
anterior cephalic territory.

COI/Financial disclosure: Supported in part by NIH grants
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MULTIPLE ELECTRODE ARRAY INVESTIGATION FOR
RETINAL PROSTHESIS
1,2

Multiple electrode array (MEA) investigation for retina is an
effective method to acquire in vitro ERG and ganglion cells
responses. It can detect the responses of retina, which is
triggered by an overriding retinal prosthesis. Thus the
function of a retinal prosthesis can be verified more
efficiently in vitro through a series of stimulation.

PROTECTION OF VISUAL PERFORMANCE AND
STRUCTURAL INTEGRITY OF THE RETINA AND OPTIC
NERVE HEAD IN EXPERIMENTAL MODELS OF
GLAUCOMA
2

1

4

1
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We designed and fabricated several types of micro
photodiode array as retinal prosthesis, with solar cells,
biphasic electric output, divisional power supply,
biocompatible electrodes, etc.. We build up a 64-channel
MEA apparatus with different microelectrode sizes.

1

1

Vision Research Center, Department of Ophthalmology,
School of Medicine, University of Missouri - Kansas City,

New Zealand White Rabbit retina was dissected and put
293

onto a microelectrode chamber with ganglion cells facing the
microelectrodes. The retinal prosthesis then was placed on
the dissected retina, with prosthetic output electrodes facing
the retina. The MEA chamber was infused with physiological
solution. The retina was bleached first, and different light
stimulation was projected through MEA and retina to the
prosthesis. The neuronal responses of the triggered retina
was recorded and analyzed.

P320
ASSOCIATION BETWEEN RETINAL ARTERIOLAR
WIDTH (CRAE) AND GENETIC VARIANTS ON
CHROMOSOME 2Q32
1
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After bleaching, neuronal responses of the triggered retina
can be recorded by stimulating the prosthesis with different
light. The results showed the retinal prosthesis incorporated
with novel circuits and electrodes can be triggered with lower
intensity of light. The neuronal responses can also be
recorded with an OLED panel stimulation, which verifies the
function of the prosthesis as an artificial retina through solar
and image input.

Retina is a unique site in the human body where the
microcirculation can be imaged directly and non-invasively,
allowing us to study in vivo the structure and pathology of
the human microcirculation. Retinal images can be
quantitatively assessed with computerized imaging
techniques, enabling us to measure several different
quantitative traits derived from the retinal vasculature.
Arterial and venular calibres are the most extensively studied
traits of the retinal microvasculature and numerous
epidemiological
studies
demonstrated
promising
associations with systemic and ocular diseases as well as
with disease markers. However, there has been a lack of
research into pathophysiological processes leading to retinal
vascular signs, and how they link retinal microcirculation with
coronary and cerebral microvasculature change. Information
about genetic determinants underlying retinal vascular
structure is therefore important for understanding the
processes leading to microvascular pathophysiology. One
genome wide association study was published so far
1
revealing four loci associated with retinal venular calibre .

COI/Financial disclosure: The work is supported by the
grant from NPIE, NSC of Taiwan.
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SIX MONTHS RESULTS FROM EPIRETINAL
STRONTIUM-90 BRACHYTHERAPY FOR THE
TREATMENT OF CHOROIDAL NEOVASCULARIZATION
SECONDARY TO AGE-RELATED MACULAR
DEGENERATION
D. Zur, A. Barak, A. Loewenstein
Ophthalmology, Tel Aviv Medical Center, Tel Aviv, Israel
Purpose: The results of the Meritage trial showed that
epiretinal strontium-90 brachytherapy in subfoveal choroidal
neovascularization (CNV) due to age-related macular
degeneration (AMD) is effective in reducing the number of
PRN anti-VEGF injections in patients receiving frequent
injections. Patients followed at the Tel Aviv Medical Center
unresponsive to repeated anti-VEGF injections were offered
this treatment. We report 6-months results of the first series
of clinical use of the procedure.

We report results from the genome-wide association study of
retinal arteriolar calibre in two population based cohorts.
Retinal arteriolar widths were measured in non-mydriatic
fundus images from 808 subjects in the Orkney Complex
Disease Study (ORCADES) and 390 subjects form the
Croatian island of Korcula, using the semi-automated retinal
vasculature measurement programme SIVA. Vessels were
measured up to one disc diameters away from the optic disc.
As a quality check, left-right eye correlations were calculated
(0.677 for arteriolar width). Inter and intra-grader coefficients
were 0.897 and 0.95. Using pairwise estimates of kinship
based on genomic sharing, heritabilitiy was calculated as
39%. A genome wide association analysis of SNPs
genotyped on Illumina HumanHap300v2 and Illumina
HumanHap370CNV arrays revealed a genome wide
-7
significant hit (1.8x10 ) arteriolar widths (CRAE) in a region
of chromosome 2q32. Replication is being sought in a further
independent Scottish population.

Methods: This prospective, non-randomized single-center
case series included all patients treated by strontium-90
brachytherapy for subfoveal CNV due to AMD during the
period of 26-6-2011 to 1-1-2012. All patients underwent 23G
pars plana vitrectomy. 24G brachytherapy using NeoVista
device (intraocular strontium-90 applicator; NeoVista,
Fremont, California) was applied for 4 minutes, followed by
1.25 mg Bevacizumab or 0.5 mg Ranibizumab intravitreal
injection. Follow-up visits were at postoperative day 7 and
monthly afterwards. Patients were eligible to receive further
anti-VEGF injections on PRN basis.

COI/Financial disclosure: Nothing to disclose

Results: 18 patients were treated. One patient presented
with naive CNV and was offered the treatment due to his
unability to receive monthly anti- VEGF injections; the others
had prior anti-VEGF treatments. 6 patients were
pseudophakic, 3 patients had combined phacoemulsification
and IOL implantation with brachytherapy. In one case
epiretinal membrane peeling was performed prior to
brachytherapy irradiation. In all cases the surgical procedure
was performed without complications or technical difficulties.
Clinical result of 6 months follow-up will be presented
including change of visual acuity and central macular
thickness; number of PRN anti-VEGF injections after the
procedure; and complications such as radiation retinopathy

P321
ROLE OF CU++ AMINO OXIDASE IN NUCLEAR AND
CORTICAL HUMAN LENS OPACITIES
E. Cotlier
Ophthalmology, Cataract Institute of America, New York,
NY, USA
Human autopsy lenses from the New York Eye Bank were
incubated in Dulbecco media alone and supplemented with
Cu++ ions to stimulate activities of SIAO (semicarbazide
inhibitted amino oxidase). After 7 days cortical and nuclear
opacities were documented by photography and subjected to
chemical analysis. 24 lenses with stimulated. SIAO showed
a variety of cortical lens opacities and increases in nuclear
opacities with variou degrees of nuclear browning. Various
inhibitors of SIAO reversed or prevented the lens opacities

Conclusions: Epimacular brachytherapy is feasible in
clinical practice. Longer follow-up is needed to evaluate
efficacy and to identify patients who can take advantage of
combined radiation and anti-VEGF therapy.
COI/Financial disclosure: Nothing to disclose
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or changes in pigmentation. It is asummed the effects of
SIAO inhibitors resulted fron reduced levels of hydrogen
peroxide in the treated human lenses. Prevention of human
lens oxidation may be applicable to prention of cataracts in
humans.
COI/Financial disclosure: Nothing to disclose
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