allow cell spreading, 10% FBS, PDGF BB, TGFβ1, TGFβ2 or
FGF2 was added to the media, and constructs were incubated
for up to four days. Following F-actin, α-smooth muscle actin
or connexin 43 labeling, 3-D optical section images were
acquired using laser confocal microscopy. Both global matrix
contraction and local matrix remodeling were quantified
digitally. In some experiments, the mechanics of cell migration
were studied by nesting compressed cellular matrices within
uncompressed acellular matrices, and performing time-lapse
DIC imaging.

Myofibroblast Biology in the Cornea
O001
CYTOKINE REGULATION OF MYOFIBROBLAST
VIABILITY
S.E. Wilson, H. Kaur, F.L. Barbosa
Cole Eye Institute, The Cleveland Clinic, Cleveland, OH, USA

Results: Corneal keratocytes developed a stellate morphology
with numerous dendritic processes that ran a tortuous path
between and along collagen fibrils without any apparent
impact on their alignment. At high cell density, keratocytes
formed a 3-D network connected via gap junctions, similar to
their in vivo organization. Treatment with PDGF led to
elongation of corneal keratocytes, without inducing stress fiber
formation or significant matrix reorganization. FGF2 stimulated
cell spreading, but had little impact on mechanical behavior.
Following culture in 10% FBS, keratocytes developed a bipolar
morphology with pseudopodial processes, and generated
contractile forces that led to local compaction and alignment of
the ECM. Culture in TGFβ1 or TGFβ2 stimulated additional
cellular contraction, as indicated by a reduction in cell length,
the formation of stress fibers, and cell-induced matrix
reorganization. This was most pronounced in mechanically stiff
matrices, in which α-smooth muscle actin expression was also
detected. PDGF and serum both stimulated cell migration, but
by different mechanisms. PDGF-stimulated migration occurred
by repeated protrusion and retraction of dendritic processes
with small tractional forces localized to the tips, whereas
serum-stimulated migration produced more sustained
tractional forces at the leading edge of cells.

The purpose of this study was to study the effect of interleukin
(IL)-1 and transforming growth factor beta (TGFβ)-1 on corneal
stromal myofibroblasts viability in vitro and to determine the
cellular sources of stromal IL-1α and IL-1β in corneas with
haze. Rabbit corneal fibroblasts were cultured with 2 ng/ml of
transforming growth factor-β1 (TGF β1) to induce
myofibroblast differentiation confirmed by monitoring α-smooth
muscle actin (SMA) expression. Fluorescence-based TUNEL
assay was performed to analyze the apoptotic response of
myofibroblasts to IL-1α or IL-1β, in the presence or absence of
TGFβ1. Dose response experiments were performed after
withdrawal of TGFβ1 and exposure to 1, 5, or 10 ng/ml of IL1α or IL-1β for 1 hour. Subsequent experiments were
performed with myofibroblasts exposed to 5 ng/ml IL-1α or IL1β in conjunction with 0, 1, 5, or 10 ng/ml TGFβ1. Rabbit
corneas that underwent -9 diopter PRK with the excimer laser
were processed for double immunocytochemistry for SMA and
IL-1α or IL-1β. There was a statistically significant dose
dependent increase in the percentage of TUNEL+ cells with
either IL-1α or IL-1β initiated at concentrations as low as 1
ng/ml. For example, after withdrawal of TGFβ1, the %
TUNEL+ cells at 1 hour after exposure to IL-1α increased
significantly with increasing concentration (0 ng/ml, 2.4±0.8
[S.E.M.] %; 1 ng/ml, 15.4±1.8%; 5 ng/ml, 47.4±3.9%; or 10
ng/ml, 70.3±3.2%). Similar results were obtained with IL-1β.
The differences between the means of apoptotic
myofibroblasts for the different concentrations of cytokine for
either IL-1α or IL-1β were significantly different (ANOVA p<
0.001). When myofibroblasts were exposed to 5 ng/ml IL-1α or
IL-1β, the % TUNEL+ cells at 1 hour were reduced in a
significant dose dependent manner when TGF β1 at a
concentration of 5 ng/ml or 10 ng/ml was present in the
medium (ANOVA p< 0.01). Both SMA+ myofibroblasts and
SMA- corneal fibroblasts produce IL-1α or IL-1β in corneas
with haze. IL-1α or IL-1β triggers the death of myofibroblasts in
vitro and TGFβ1 reduces the IL-1 effect on cell death. TGFβ1
and IL-1 have opposing effects on myofibroblast viability and
likely interact to modulate haze generation after corneal injury.
Myofibroblasts themselves produce IL-1α and IL-1β so
myofibroblast viability could be regulated via autocrine suicide.
Alternatively, myofibroblast viability could be modulated by
paracrine mechanisms through IL-1α and IL-1β released by
adjacent corneal fibroblasts. EY10056 and EY15638 and
Research to Prevent Blindness, New York, NY

Conclusions: Keratocytes reside in a complex ECM in vivo.
3-D culture models better simulate this environment than do 2D substrates, and allow the mechanical behavior of cells to be
assessed quantitatively. These results relate directly to corneal
wound healing, in which cellular force generation and matrix
reorganization can impact clinical parameters such as corneal
shape and transparency.
Support: NIH R01-EY013322 and Research to Prevent
Blindness, Inc.
O003
ROLES OF CYTOKINE BALANCE IN REGULATION OF
MYOFIBROBLAST GENERATION
S. Saika
Ophthalmology, Wakayama Medical University, Wakayama,
Japan
Purpose: I review our data that scarring/fibrosis caused by
myofibroblast generation in the corneal stroma in response to
injury is modulated by balance of the cytokines/growth factors
in local tissue.

O002
3-D CULTURE MODELS FOR ASSESSING STROMAL
CELL-MATRIX MECHANICAL INTERACTIONS

Methods: Healing pattern in an alkali-burned cornea of mice
lacking Smad3 or tumor necrosis factor a (TNFa), as well as
that in wild-type (WT) cornea treated with adenoviral Smad7
gene transfer, was investigated.

W.M. Petroll
Ophthalmology, UT Southwestern Medical Center, Dallas, TX,
USA

Results: Blocking transforming growth factor b (TGFb)/Smad
signal by lacking Smad3 or Smad7 gene transfer suppressed
excess
inflammation,
myofibroblast
generation
and
subsequent fibrosis in the corneal stroma. On the other hand,
loss of TNFa potentiates the undesirable, pathogenic,
response (inflammation and fibrogenic reaction by
myofibroblast) of wound healing in an alkali-burned cornea in
mice. Such unfavorable outcome in than-null mice was
abolished by Smad7 gene introduction, indicating the

Aims: While much is known regarding the biochemical and
morphological characteristics of corneal keratocytes, much
less is known about their mechanical behavior. In this study,
novel 3-D culture models and quantitative imaging techniques
are used to assess how key wound healing cytokines regulate
the keratocyte mechanical phenotype.
Methods: Rabbit corneal keratocytes were plated inside type I
collagen matrices in serum-free media. Following 24 hours to
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involvement of TGFb or activin/Smad signaling. Bone marrow
transplantation from WT mice normalizes healing of the TNFanull mice, suggesting the involvement of inflammatory cells in
this phenomenon. Co-culture experiments showed that loss of
TNFa in macrophages, but not in fibroblasts, augments the
fibroblast activation (myofibroblast formation) as determined
by expression of a-smooth muscle actin, collagen Ia2 and
connective tissue growth factor.

likely promotes migration of keratocytes during wound healing.
The inhibitors of specific signaling pathways could potentially
be useful as chemotherapeutic agents to modulate corneal
wound healing and prevent scar tissue formation.
Supported by NIH grants EY03263(NS), EY09098 (core
grant), Research to Prevent Blindness and Eye and Ear
Foundation of Pittsburgh, PA.

Conclusion: It appears that TNFa in macrophages is required
to suppress undesirable excessive inflammation and scarring
by myofibroblast generation, both promoted by TGFb, and for
restoration of tissue architecture in the later phase of healing
in a alkali-burned cornea in mice.

O005
MYOFIBROBLASTS AND EXTRACELLULAR MATRIX
REMODELING : ROLE OF CD147/EMMPRIN
E. Gabison1, E. Huet2, B. Valée2, S. Menashi2
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Cornea Department, Fondation A. de Rothschild, Université
Paris VII, APHP, Paris, 2Université Paris XII, Creteil, France

RHO GTPASES AND MAPKS IN FIBROBLAST AND
MYOFIBROBLAST DIFFERENTIATION FROM CORNEAL
KERATOCYTES

Background and aims: Extracellular matrix metalloproteinase
inducer (EMMPRIN) is a cell surface glycoprotein enriched on
tumor cells and normal epithelia. It is mainly known for its
ability to induce matrix metalloproteinase production in
fibroblasts following epithelial-stromal interaction. We recently
have presented evidence that EMMPRIN, in addition to
inducing proteases production, can also actively participate in
the process of myofibroblasts differentiation. We investigated
the differential effects of TGF-b, EMMPRIN and IL1 on corneal
fibroblast differentiation and on tissue remodeling in vitro.
Additionally, we investigated the phenotype of corneal
fibroblasts following injury in vivo in EMMPRIN deficient and
wild type mice.

N. SundarRaj, J. Chen, J. Wong Chong
Ophthalmology, Univerisity of Pittsburgh School of Medicine,
Pittsburgh, PA, USA
Background and aims: Injury to corneal stroma results in the
activation of corneal keratocytes to proliferative fibroblasts and
contractile myofibroblasts, which are often responsible for the
development of contractile, nontransparent scar tissue. The
aim of this study was to determine whether activation of
MAPKs and Rho GTPases regulates the undesirable
phenotypic changes associated with keratocyte activation.

Methods: Comparative studies on the effect of EMMPRIN,
TGFβ and IL1 on the regulation of MMPs, uPA, TIMPs and
αSMA were conducted on HTK corneal fibroblasts.

Methods: Keratocytes isolated from rabbit corneal stroma,
plated in a serum-free medium, were activated to fibroblasts
with FGF-2/heparin or to myofibroblasts with TGF-beta-1 in the
presence or absence of the inhibitors of Rho/ROCK and Rac,
and JNK and ERK MAPKs. The effects of the inhibition of
specific
signaling
pathways
were
studied
by
immunocytochemical and western blot analyses to evaluate
protein expression, and quantitative real time RT-PCR
analysis to determine relative abundance of mRNAs. The
results were confirmed by studying the effects of the
downregulation of specific GTPases or MAPKs during the
activation of keratocytes by overexpressing dominant negative
forms of specific signaling proteins using replication-defective
inducible Tet-off adenoviral vectors or by siRNA-mediated
knockdown of gene expression.

αSMA was analyzed by Western blot of the cell lysate, Serumfree conditioned medium was analyzed by Western blot for
MMP-1; by gelatin zymography for MMP-2; by casein
plaminogen zymography for uPA; and by reversed gelatin
zymography for TIMPs.
Additionally, photorefractive keratectomy (PRK) was
performed in EMMPRIN deficient and wild type mice and
αSMA postitive cells were detected by immunohistochemistry.
Results: We found that both TGFβ and IL1 upregulate
EMMPRIN expression in corneal fibroblasts. While both TGFβ
and EMMPRIN increase αSMA, the differentiated fibroblasts
that ensue produce more MMP-1 under EMMPRIN's effect
while this proteinase is greatly inhibited by TGFβ, which in
addition increases the expression of its inhibitor TIMP-1.
Furthermore, although EMMPRIN is known as an MMP
inducer, EMMPRIN greatly increase the expression of the
urokinase type plasminogen activator (uPA) in the corneal
fibroblasts. Like MMP-1, urokinase is also inhibited by TGFβ.
Following PRK, EMMPRIN deficient mice demonstrated a
lower level of αSMA positive cells as compared to controls.

Results: Inhibition of Rho/ROCK and JNK activity resulted in
the downregulation of TGF-beta1-mediated alpha-smooth
muscle actin (alpha-SMA), tenascin-C and fibronectin
expression. Rac inhibition resulted in the inhibition of TGFbeta1-induced development of a robust actomyosin filament
network and the expression of alpha-SMA although RhoA was
found to be upregulated. Rac inhibition also led to
downregulation of FGF-2 and TGF-beta1-induced tenascin-C
and fibronectin expression and cell cycle progression. ERK
inhibition prevented loss in alpha3(IV) collagen, a stringent
change associated with activation of keratocytes. Rho/ROCK,
JNK and ERK inhibition also prevented FGF-2 and TGF-beta1induced loss in the expression of lumican and keratocan
(corneal keratan sulfate proteoglycans). The changes in
mRNAs encoding specific proteins reflected the pattern of
changes in the expression of these proteins, resulting from the
inhibition specific signaling pathways. Thus, the observed
phenotypic changes were likely due to the regulation of the
gene transcription.

Conclusions:
EMMPRIN
promotes
myofibroblasts´
differentiation and tissue contraction through the induction of
alpha smooth muscle actin. The effect of myofibroblasts on
matrix remodelling may depend, among other factors, on the
levels of TGFβ and EMMPRIN, tilting the balance towards
synthesis or degradation respectively.
O006

Conclusions: Undesirable phenotypic changes associated
with and FGF-2 and TGF-beta1-induced activation of
keratocytes to fibroblasts and myofibroblasts, respectively, are
differentially regulated by activation of Rho-GTPases and
MAPKs. Rac-mediated increased expression of tenascin-C

ASSESSING KERATOCYTE AND MYOFIBROBLAST
MATRIX ORGANIZATION USING NON-LINEAR OPTICAL
(NLO) MICROSCOPY
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Gavin Herbert Eye Institute, University of California Irvine
Medical Center, Orange, CA, 2Molecular Medicine, University
of South Florida, Tampa, FL, USA
Background and aims: Studies have reported that bovine
corneal keratocytes overlaid with 3% agarose synthesize and
assemble a corneal stromal-like collagenous matrix when
stimulated by insulin or IGF-1. Since TGFβ induces keratocyte
differentiation to myofibroblasts, we hypothesized that the
collagen matrix assembled by myofibroblasts under overlay
conditions would resemble that of corneal scars. In order to
test this hypothesis we have used non-linear optical (NLO)
microscopy to image second harmonic generated (SHG)
signals from collagen and two-photon excited fluorescence
(TPEF) from cellular NADPH/FAD.

The formation of the mammalian lens pit provides an excellent
model to study the morphogenetic pathways involved in
epithelial invagination. In this study, we address the function of
three small Rho family GTPases, Cdc42, RhoA and Rac1 in
lens pit invagination in the mouse. Conditional alleles for
Cdc42, RhoA and Rac1 were crossed with the Le-cre mouse
line to eliminate each GTPase function in the presumptive lens
ectoderm.
We show that Cdc42-dependent F-actin-rich filopodia link
presumptive lens and retina and are responsible for fine-tuning
the depth of lens pit invagination. The filopodia, most of which
originate in the presumptive lens, form at E9.5 when
presumptive lens and retina first come into close contact and
have retracted by E11.5 when invagination is complete.
Pharmacological manipulation of the actin-myosin contraction
pathway showed that the filopodia can respond rapidly in
length to change the inter-epithelial distance.

Methods: Rabbit corneal keratocytes and TGFβ (5 ng/ml)
induced myofibroblasts were cultured with/without 2%
methylcellulose overlay. Cells were cultured on glass coverslip bottom dishes for live cell imaging or plastic dishes for
real-time PCR. Live cells were imaged using a Zeiss 510 Meta
laser scanning confocal microscope and Coherent Chameleon
femtosecond laser. SHG and TPEF images were generated
using an 800 nm and 760 nm excitation wavelengths
respectively. Cell differentiation was also evaluated by
fluorescent staining for actin, a-smooth muscle αSM) actin,
and fibronectin and real-time PCR for identification of
keratocyte and myofibroblast specific genes.

In RhoA conditional mutants we show that activated (phospho)
myosin is reduced at the apex of lens pit cells. Furthermore,
we have quantified reduced curvature and a more open lens
pit shape suggesting that through the formation of contractile
actin, RhoA normally generates forces that close the lens pit.
A cell shape analysis suggests that these forces might be
generated through the apical constriction of individual lens pit
cells.

Results: Keratocytes and myofibroblasts under non-overlay
conditions showed no collagen assembly for 28 days in culture
while maintaining their respective phenotypes. Under overlay
conditions, collagen assembly was first detected on day 10
and continued to significantly increase in density till day 28.
While collagen showed a significantly greater density in
myofibroblast cultures (p< 0.001), TGFβ induced a two fold
increase in cell numbers and no difference in collagen
assembly was detected on a per cell basis. Keratocytes
appeared to assemble thicker and more prominent collagen
fibers, organized into short parallel arrays adjacent to the cell
compared to myofibroblasts that assembled distinctly finer and
more irregularly arranged collagen fibers. Interestingly,
myofibroblasts developed a dendritic morphology with
decreased αSM and fibronectin staining beginning at day 7,
suggesting a loss of myofibroblast differentiation in the
presence of TGFβ. Real-time PCR also showed enhanced
keratocyte-specific gene expression of lumican, keratocan and
ALDH1A1 in myofibroblasts and TIMP2, MMP1 and MT1-MMP
in both keratocytes and myofibroblasts when compared to
non-overlay conditions.

In Rac1 conditional mutants, we observe an opposite
response to that of RhoA where the curvature of the lens pit is
greater than wild type and results in premature lens vesicle
closure. The Rac1 mutant also shows a level of apical
phospho-myosin that is higher than wild type suggesting that it
normally opposes the action of RhoA and provides a balancing
force in invagination morphogensis. Overall, it is clear that the
three GTPases combine their actions in subtle ways to
precisely regulate invagination morphogenesis.
O008
LENS FIBER CELL GEOMETRY IS CONSTRAINED BY THE
MEMBRANE SKELETON
V. Fowler

Conclusions: Collagen assembly by keratocytes and
myofibroblasts appears to be distinctly different under overlay
conditions. Interestingly, keratocytes and myofibroblasts show
altered gene expression patterns during overlay culture
suggesting that enhanced matrix assembly may modulate
gene expression and keratocyte phenotype.

Department of Cell Biology, The Scripps Research Institute, La
Jolla, CA, USA
Background and aims: Lens fiber cells exhibit a high degree
of hexagonal packing geometry that ensures optical clarity.
Tropomodulin 1 (Tmod1) is an actin capping protein
responsible for stabilizing the short actin filaments that
crosslink the spectrin-based membrane skeleton. We have
shown previously that absence of Tmod1 in the mouse lens
leads to disrupted distribution of F-actin and spectrin on fiber
cell membranes, and to patches of disordered fiber cells in the
lens cortex. To investigate whether Tmod1 is required to
establish fiber cell geometry during initial differentiation, or to
maintain it during fiber cell maturation, we analysed packing
geometry in different regions of the lens.

Support: NEI EY07348 and EY016663, RPB, Inc, and Skirball
Program in Molecular Ophthalmology.

Cytoskeleton/Membrane Structure
O007

Methods: We assessed geometry of newly differentiating fiber
cells at the lens equator by whole mount staining of living
lenses with Hoechst dye followed by imaging of epithelial and
fiber cell nuclei by confocal fluorescence microscopy. We
assessed fiber cell packing geometry in confocal images of
equatorial sections stained with fluorescent phalloidin to label

SUBTLE REGULATION OF EPITHELIAL CURVATURE
DURING LENS PIT INVAGINATION BY THE GTPASES
CDC42, RHOA AND RAC1
B. Chauhan1, T. Plageman1, H. Beggs2, M. Lou3, S. Giorgio4,
Y. Zheng5, R. Lang1
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fiber cell membranes. First, we performed nearest neighbor
analysis of disordered and ordered regions using a custom
designed program to determine the extent of hexagonal
organization. Second, we measured the numbers and sizes of
disordered patches, and their location with respect to their
distance from the epithelium using ImageJ.

a-catenin with N-cadherin junctions was temporally linked to
recruitment of the protein tyrosine phosphatase SHP2 and the
dephosphorylation of N-cadherin-linked b-catenin. The link
between N-cadherin junction maturation and actin filament
assembly was studied by examining the possibility that
regulators of actin filament nucleation were brought together at
the site of mature N-cadherin junctions. Biochemical analysis
revealed differentiation-specific recruitment of the actin
regulator cortactin to cadherin junctions, coincident with its
binding partner p120 catenin that binds directly to the cadherin
cytoplasmic domain. All of this machinery is assembled prior to
the recruitment of the actin nucleator Arp3 to N-cadherin
junctions, precisely at the time of the assembly of the cortical
actin cytoskeletal and the elongation of lens fiber cells required
for their morphogenesis.

Results: We found that newly differentiated fiber cells in
Tmod1 null lenses exhibited the same degree of ordered
hexagonal packing as in wild-type lenses. In fiber cells of the
peripheral cortex, similar numbers of disordered patches are
evident in wild-type and Tmod1 null lenses, but individual
disordered patches were larger and the combined areas of all
disordered patches greater in the absence of Tmod1. Nearest
neighbor analysis revealed that hexagonal packing of fiber
cells is disrupted only in disordered regions and not in the rest
of the lens cortex. Comparison of locations of disordered
regions with respect to the epithelium suggest a tendency for
increasing disorder in older fiber cells in the absence of
Tmod1.

Conclusions: These studies provide the molecular link
between N-cadherin junctions and the actin cytoskeletal
organization that governs lens fiber cell morphogenesis in
vivo.

Conclusions: Disruption of fiber cell packing in Tmod1 null
lenses appears during maturation of fiber cells, but not during
its establishment in early differentiation as epithelial cells
transition to fiber cells. Expanded areas of disordered patches
in the absence of Tmod1 suggests that an unstable membrane
skeleton on fiber cell membranes leads to fiber cell
rearrangements and propagation of disorder as lens fiber cells
mature and are subjected to physical stresses in the growing
lens.

O010
CHANGES IN THE 3D-STRUCTURE OF LENS FIBERS
INDUCED BY A MUTATION IN ALPHAA-CRYSTALLIN
G. Zampighi
UCLA School Medicine, Los Angeles, CA, USA
Despite significant advances in determining the chemical
composition and function of “soluble” (crystallins) and
“insoluble” (cytoskeleton) proteins comprising lens fibers,
studies using conventional electron microscopy have
described a cytoplasm exhibiting an essentially amorphous
structure. We hypothesized that limitations resulting from
projecting the thickness of the section onto a single plane (the
“projection artifact”) obscured the “real” structure of the
cytoplasm.
To test this hypothesis, we used conical tomography to
reconstruct the 3D-structure of fibers from wild type mice and
fibers from animals where a tyrosine was replaced by an
aspartate in the alphaA-crystallin protein (the Y118D
mutation). Conical series, collected at 55° tilts and 5° rotation,
were aligned using fiduciary markers and reconstructed using
the weighted back projection algorithm.
Analysis of the 3D-maps included semiautomatic density
segmentation using a computer program based on the
watershed algorithm.
We found that the cytoplasm of lens fibers was in fact an
ordered “matrix” comprised of interwoven filaments. Several
thin (~6 nm diameter) filaments crossed with each other at
regions that appeared as particles measuring 10-14 nm in
diameter (the “beaded” filaments).
These particles linked the matrix to the plasma membrane at
numerous regions. To understand the dynamic nature of this
association, we reconstructed fibers carrying the Y118D
mutation in the alphaA-crystallin protein.
We found that the mutation changed the structure of the
particles (i.e., the “beads” of the filaments).
In controls, the particles exhibited tetragonal or pentagonal
symmetries. In the Y118D mutation, the particles were arched
filaments that appeared as rosettes.
While tetragonal and pentagonal particles associated readily
with the plasma membrane, the rosettes present in the
mutation, failed to do so.
This failure resulted in the fragmentation of the plasma
membrane and extensive communication with the extracellular space.
We thus concluded that an interwoven filamentous matrix
subdivides lens fibers into small volumes that accommodate
the high concentration of soluble crystallins in the cytoplasm.
The alphaA-crystallin protein binds to regions where filaments
intersect with each other (i.e., the “beads”) and links this
ordered matrix to the plasma membrane.

O009
N-CADHERIN JUNCTIONS AS EPICENTERS OF LENS
CYTOSKELETAL REGULATION
A.S. Menko, M. Leonard
Pathology, Anatomy and Cell Biology, Thomas Jefferson
University, Philadelphia, PA, USA
Background and aims: N-cadherin is a cell-cell adhesion and
signaling receptor expressed by both undifferentiated lens
epithelial cells and differentiating lens fiber cells. While we
have previously shown N-cadherin function is required for lens
cell differentiation and morphogenesis, the mechanisms
regulating the formation of N-cadherin junctions in the lens and
the downstream effects of N-cadherin junction formation on
lens cell morphogenetic differentiation remain unknown.
Methods: Confocal microscopy was performed to determine
the timing of N-cadherin junction assembly relative to lens cell
differentiation
state.
Co-immunoprecipitation
analysis
investigated the dynamics of the molecular interactions that
led to stabilization of N-cadherin cell-cell junctions along lateral
membranes of lens epithelial cells in vivo. Exposure of lens
epithelial explants to N-cadherin function blocking antibodies
provided the functional link between N-cadherin junctional
stability and molecules that are recruited to these junctions. A
combination of these approaches then was used to investigate
the function of the newly assembled N-cadherin junctions in
directing assembly of the actin filaments required for lens
morphogenesis.
Results: The results revealed both the molecular players
involved in N-cadherin junctional maturation and the
subsequent function of these N-cadherin junctions as
epicenters of actin cytoskeletal assembly. These studies
provided the first evidence that nascent cadherin junctions
exist in vivo, and that they are a defining characteristic of the
lateral interfaces of undifferentiated lens epithelial cells. The
maturation of these N-cadherin junctions, previously shown by
us to be required for lens cell differentiation, preceded
organization of a cortical actin cytoskeleton and was
dependent on the recruitment of a-catenin. The association of
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Medicine, UC Davis, Davis, CA, 3Physiology and Biophysics,
SUNY at Stony Brook, Stony Brook, NY, USA

Mutations that interfere with this association, such as Y118D,
open the cytoplasm to the extra-cellular fluid thus triggering
the cascade of events that ends up in cataract formation.
Supported by NIH-EY-04410.

The ocular lens has an obvious requirement for optical clarity,
but also for precise regulation of size, shape, and elastic
properties. To minimize light scatter and loss of optical quality
the lens lacks light scattering elements such as blood vessels,
connective tissue, and nerves. Greater than 97% of the lens
mass is comprised of terminally differentiated lens fiber cells.
The fiber cell cytoskeleton is dominated in turn by a lensspecific intermediate filament (IF) system. Thus the lens
represents a unique opportunity to isolate the contributions of
a single intermediate filament system to the biology of an
entire tissue. On the basis of a literature that suggests a
structural role for IFs we used knockout mice and a battery of
mechanical and morphometric analyses to test the hypothesis
that several properties of lens critical to its function were at
least in part dependent on an intact IF cytoskeleton. We found
that the knockout mice lacking the lens-specific IF system
exhibited lower stiffness, but surprisingly, a higher resilience.
We also found that the lens, and the central lens region called
the nucleus, were smaller as well. The data reported here
support the hypothesis that the IF system in lens contributes
significantly to several properties of the lens that are vital to its
function.

O011
CDK5/P39: A REGULATOR OF CYTOSKELETAL
CONTRACTION AND EPITHELIAL CELL MIGRATION IN
THE LENS
B. Tripathi, P. Zelenka
Laboratory of Molecular and Developmental Biology, National
Eye Institute, National Institutes of Health, Bethesda, MD, USA
Background and aims: Recently we have shown that
inhibiting cyclin dependent kinase 5 (Cdk5) activity reduced
Rho-dependent myosin phosphorylation in lens epithelial cells.
A separate line of investigation demonstrated that the Nterminus of the Cdk5 activating protein p39 binds myosin
essential light chain (MLC) and the C-terminus of p39 binds
the LisH domain protein, muskelin. As muskelin has been
associated with cytoskeletal organization, the present study
seeks to determine whether p39 might serve as an adaptor to
link muskelin to myosin and enable muskelin-dependent
cytoskeletal regulation.

IOPs and Aqueous Humor Dynamics

Methods: Human lens epithelial cells were allowed to spread
on fibronectin for 2 hr. Immunoprecipitation and
immunoblotting with specific antibodies were used to confirm
the interaction of endogenous proteins. Cdk5 activity was
inhibited by a pharmacological inhibitor (olomoucine, 15 µM))
or by dominant negative GFP-Cdk5(D144N). Cdk5, p39, and
muskelin expression were suppressed by specific siRNAs.
Cells were transfected with fluorescence-tagged fusion
constructs, and cytoskeletal organization and subcellular
localization of specific proteins were determined by confocal
fluorescence microscopy.

O013
24-HOUR IOP VARIATIONS AND REFRACTIVE ERROR
N. Loewen1, J. Liu2, R. Weinreb2
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Increased 24-hour variation of IOP can be observed in human
eyes with short axial length. We collected 24-hour IOP data
from 75 healthy young adults with hyperopia, emmetropia and
myopia, age range 18 to 25 years, in a sleep laboratory and
compared them. Every 2 hours, measurements of IOP were
taken in the participants after 5 minutes in the supine position
and 5 minutes in the sitting position during the 16-hour
diurnal/wake period as well when supine in bed during the 8hour nocturnal/sleep period. Variations in 24-hour IOP were
analyzed.

Results: Immunoprecipitation and immunoblotting of lens
epithelial cell lines and rat lens extracts confirmed that
endogenous myosin heavy chain (MHC) and myosin
regulatory light chain (MRLC) formed a complex containing
MLC, p39, and muskelin. Suppression of p39 by siRNA
significantly reduced co-immunoprecipitation of muskelin with
MLC, MRLC, and MHC. Immunofluorescence microscopy
demonstrated that muskelin colocalized with MRLC and
contracting stress fibers during cell migration. Suppression of
muskelin led to significant reduction in MRLC phosphorylation
and dissociation of stress fibers.

The average diurnal sitting IOP was lower in the hyperopia
group than in the other two groups. The difference between
the diurnal sitting and diurnal supine IOP was larger in the
hyperopia group than in the myopia group. In all three groups,
the nocturnal supine IOP was higher than the diurnal sitting
IOP. This elevation in habitual IOP was most significant in the
hyperopia group. The hyperopia group also presented a
significant IOP elevation within the nocturnal period. Simulated
24-hour rhythms of supine IOP could be detected in all groups
with different phase timings, but simulated 24-hour IOP
variations were not different. The 24-hour habitual IOP
fluctuation (peak minus trough) was inversely correlated to
axial length.

Conclusion: p39 directly links muskelin to myosin and thus, to
stress fibers. Suppression of muskelin expression, like
inhibition of Cdk5 activity, significantly reduces myosin
phosphorylation, resulting in dissociation of stress fibers,
decreased cell adhesion, and increased migration. These
findings indicate that the Cdk5 activating protein p39 has a
dual role in cytoskeletal regulation: on the one hand, it is an
integral subunit of Cdk5 kinase; on the other hand it acts as an
adaptor protein to recruit muskelin. Both of these functions are
essential for efficient myosin phosphorylation, cytoskeletal
contraction, and cell migration.

All groups had a posture dependent mechanism of nocturnal
IOP elevation. A second position independent mechanism
could be identified that caused additional IOP elevation in
hyperopic eyes. The significantly shallower anterior chamber
in the hyperopia group was associated with this posture
independent mechanism.

O012
INTERMEDIATE FILAMENTS REGULATE TISSUE SIZE
AND STIFFNESS IN THE MURINE LENS
D.S. Fudge1, J.V. McCuaig1, S. Van Stralen1, J.F. Hess2, R.T.
Mathias3, H. Wang3, P.G. FitzGerald2
1

Integrative Biology, University of Guelph, Guelph, ON,
Canada, 2Cell Biology and Human Anatomy, School of
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suggesting that relative diurnal change in MOPP might be a
risk factor for POAG.

DAY AND NIGHT DIFFERENCES IN AQUEOUS HUMOR
DYNAMICS IN RABBITS COMPARED TO HUMANS

Role of diurnal intraocular pressure (IOP) variation has also
been well documented in that a large fluctuation in diurnal IOP
was an independent risk factor in patients for the development
of glaucoma. This finding has been challenged by recent
reports that the ranges of IOP variation were proportional to
the level of 24-hour mean IOP in each individual.

C. Toris
Univ. of Nebraska Med. Center, Omaha, NE, USA
Purpose: Intraocular pressure has a predictable circadian
rhythm in rabbits and humans. The IOP fluctuations depend on
day and night changes in inflow and outflow. Aqueous humor
dynamics also changes with aging. This study reviews day and
night differences in IOP and aqueous humor dynamics in
rabbits and humans. It also investigates changes in daily
rhythms of IOP and aqueous humor dynamics during the
normal aging process.

In this presentation, we will display the results of our study
relating to circadian fluctuation of systemic blood pressure,
IOP, and MOPP in our series glaucoma patients and also to
identify significant parameters influencing circadian fluctuation
of MOPP. The relationship between circadian fluctuation of
MOPP and glaucoma severity at initial presentation as well as
prognosis will also be discussed.

Methods: Juvenile and mature New Zealand white rabbits
were included in the study. Retrospective data from healthy
humans were included for comparison. Between the hours of
0900 and 1500 (daytime) and 2300 and 0500 (nighttime),
measurements were made of IOP by pneumatonometry,
aqueous flow by fluorophotometry, outflow facility by both
fluorophotometry and tonography, uveoscleral outflow by
mathematical calculation, and central corneal thickness by
ultrasound pachymetry. Statistical comparisons were made by
repeated-measures ANOVA tests and Student's two-tailed ttests.

O016
24-HOUR CONTINUOUS IOP MONITORING WITH
SENSIMED TRIGGERFISH® OCULAR TELEMETRY
SENSOR
M. Leonardi, K. Mansouri
SENSIMED AG, Lausanne, Switzerland
Continuous IOP monitoring is an unmet medical need in the
field of glaucoma. Sensimed presents the SENSIMED
Triggerfish®, a soft contact lens enabling the recording of
qualitative diurnal IOP profiles during sleep and normal
activities. A strain gauge embedded in a soft contact lens
detects changes in the corneal curvature that are transmitted
through a telemetry microprocessor, also embedded in the
contact lens, to an external recorder for storage. Changes in
the corneal radius of curvature have been reported to correlate
to IOP changes.

Results: In all rabbits, nighttime IOP, aqueous flow and
uveoscleral outflow were significantly (p< 0.05) higher,
fluorophotometric outflow facility was lower and CCT was
thinner compared to daytime. In juvenile compared to adult
rabbits, IOP was lower, aqueous flow and uveoscleral outflow
were greater and outflow facility and CCT were not different.
These aging effects were independent of time of day of
measurement. Like rabbits, humans exhibit a reduction in
outflow facility at night but unlike rabbits, humans have a
reduction instead of increase in nocturnal aqueous flow and
uveoscleral outflow.

Compared to classic IOP curves established through repeated
tonometer readings, the SENSIMED Triggerfish® offers
several advantages and opens up yet unexplored possibilities
in the area of IOP monitoring. The classical setting with
repeated
tonometer
measurements
requires
patient
hospitalisation while SENSIMED Triggerfish® allows patients
to be monitored in ambulatory mode and to keep on with
normal activities. Furthermore, IOP monitoring is possible
during the sleep period and in the habitual position while Gold
standard tonometry using the Goldmann applanation
technique necessitates seating the patient. Finally, the device
acquires data every ten minutes throughout the monitoring
period, extending to 24 hours, a feature that is not realistically
feasible with tonometers.

Conclusions: The increased IOP at night in rabbits can be
explained mainly by a decrease in outflow facility. A nocturnal
increase in aqueous flow is counterbalanced by a
simultaneous increase in uveoscleral outflow. Although the
rates of aqueous flow and uveoscleral outflow slow with
maturity, the relative day and night patterns remain the same.
Aqueous flow and uveoscleral outflow are greatest during the
active periods of both rabbits and humans. However, outflow
facility decreases during the active period of rabbits and sleep
period of humans. The mechanisms controlling circadian
changes in outflow facility may be different in rabbits
compared to humans.

Herein, we present the first clinical data on safety of the device
and obtained diurnal tension curves in normal subjects and
glaucomatous patients.

O015
24-HOUR OCULAR PERFUSION PRESSURE VARIATIONS
AND GLAUCOMA

O017

M.S. Kook
CIRCADIAN VARIATIONS IN AQUEOUS HUMOR
DYNAMICS IN YOUNGER AND OLDER HEALTHY
SUBJECTS

University of Ulsan, Seoul, Republic of Korea
It has been proposed that vascular dysfunction plays an
important role in the pathogenesis of glaucomatous optic
neuropathy, particularly in normal-tension glaucoma (NTG).
Vascular risk factors include migraine, blood transfusion,
Raynaud's phenomenon and nocturnal blood pressure
reduction.

A. Sit1, C. Nau1,2, J. McLaren1, M. Malihi1
1

Ophthalmology, Mayo Clinic College of Medicine, Rochester,
MN, 2Optometry, Illinois College of Optometry, Chicago, IL,
USA
Purpose: Intraocular pressure (IOP) undergoes a circadian
rhythm in humans with significant elevation occurring at night
when measured in the physiologic positions (sitting while
awake and supine while asleep). When IOP is measured in the

Decrease in 24-hour mean ocular perfusion pressure (MOPP)
has been found to be significantly larger in untreated primary
open angle glaucoma patients than in normal subjects,
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supine-only or sitting-only positions, it does not decrease
significantly during the nocturnal period, although aqueous
humor flow decreases by 50% or more at night. The reasons
for this apparent paradox are unclear. The goal of our
research has been to investigate the circadian patterns of
outflow facility, episcleral venous pressure and uveoscleral
outflow in healthy younger and older subjects, and assess the
factors that could account for the circadian IOP pattern.

responses and recovery. Additional groups were perfusionfixed with glutaraldehyde and the optic nerves assessed by
light microscopy for axonal degeneration.
Upregulation of cytokines IL6 and Lif, along with Socs3, a
direct feedback inhibitor of the Jak/Stat pathway, and
downregulation of Lifr were evident immediately after pressure
exposure. Genes for ECM proteins Postn, Tnc and Fbln2
reached their maximum upregulation by 12 hours postexposure while cell proliferation genes Top2a and Prc1, were
not elevated until 3 days after pressure elevation. Shorter
pressure durations, and lower pressures, produced similar, but
delayed and less robust responses. Eyes with IOP of 60 mm
Hg for 8 hours demonstrated focal areas of axonal
degeneration in the superior portion of the optic nerve.

Methods: Healthy subjects were recruited from employees
and students at Mayo Clinic Rochester, and local area
residents. Sleep patterns were monitored by a wrist actigraph
for one week prior to study measurements and were adjusted
to match 23:00 sleep and 07:00 wake times. Aqueous humor
flow rate, IOP, and outflow facility were measured using
pneumatonometry, anterior chamber fluorophotometry and
Schiotz tonography respectively, in each eye during the middiurnal (2-4 PM) and mid-nocturnal (2-4 AM) periods.
Nocturnal IOP, flow rate, and outflow facility were compared to
the same variables during the diurnal period using generalized
estimating equation models. Mathematical models based on
the modified Goldmann equation were used to assess the
conditions under which these results could be reconciled.

A single exposure of the rat eye to elevated IOP produces
ONH cytokine, ECM and cell proliferation gene responses
similar to those seen in our chronic glaucoma model. The
carefully controlled pressure insult used here allows us to see
that these responses are coordinated and influenced by the
“dose” of pressure exposure, which is determined by its level
and duration. These findings, along with a pattern of injury
similar to that seen in our chronic model, suggest that this CEI
model can be used to understand the interrelationships of the
various gene responses to elevated IOP and how they may
contribute to axonal injury and blindness in glaucoma.

Results: In both the younger and older age groups, IOP
decreased slightly from the mid-diurnal period to the midnocturnal period when measured in the same position (p<
0.05), but demonstrated a significant nocturnal increase when
measured in the physiologic positions. Aqueous flow rate
decreased approximately 50% from day to night in both groups
(p< 0.05). Both groups had a trend towards a small
(approximately 10%) nocturnal decrease of outflow facility.
Mathematic modeling indicated that the experimental results
could only be reconciled with the modified Goldmann equation
by nocturnal changes in episcleral venous pressure, as well as
possible changes in uveoscleral outflow.

Support: NIH EY016866, EY010145 and Research to Prevent
Blindness

Enzyme Inhibitors /Activators & Gaseous
Transmitters: Role in Ocular Hypertension
Treatment

Conclusions: Small nocturnal changes in outflow facility
measured by tonography are not sufficient to compensate for
the decreased aqueous humor flow rate. Nocturnal changes in
episcleral venous pressure and possibly uveoscleral outflow
are the likely mechanisms for the observed circadian IOP
pattern.

O019
ENZYMES AS TARGETS FOR OCULAR HYPERTENSION
TREATMENT: FOCUS ON RHO KINASE, LIM KINASE AND
CARBONIC ANHYDRASE INHIBITORS
N. Sharif

O018

Core Pharmacology & Imaging, Alcon Research, Ltd, Fort
Worth, TX, USA

CONTROLLED ELEVATION OF IOP (CEI) IN THE RAT:
“DOSE”-DEPENDENCE OF RESPONSES AND
PARALLELS TO CHRONIC IOP ELEVATION

Guanine protein coupled receptors (GPCRs) have historically
formed the basis of therapeutic intervention for numerous
diseases including ocular hypertension (OHT) and primary
open-angle glaucoma (POAG). Thus, use of pilocarpine
(muscarinic receptor agonist), betaxolol and timolol (βadrenergic
receptor
antagonists),
apraclonidine
and
brimonidine (α2-adrenergic receptor agonists) and latanoprost
and travoprost (FP-class prostaglandin receptor agonists) to
lower and control elevated intraocular pressure (IOP) are well
recognized GPCR-based drugs clinically used to treat OHT.
Even though carbonic anhydrase inhibitors (CAIs) (e.g.
dorzolamide; brinzolamide) represented the first attempt at
modulating enzyme activity to lower IOP, it has become clear
that other enzymes also represent suitable targets for drug
discovery and development for the treatment of OHT/ POAG.
In this respect, inhibitors for rho-associated coiled-coilcontaining protein kinases (ROCK), LIM-kinase and myosin-II
ATPase are promising new agents that have the potential to
become novel drugs to combat OHT/ POAG. Even though the
superiority of the latter compounds over those already in
clinical use remains to be demonstrated, there is the added
benefit of ROCK inhibitors, for instance, of possessing
neuroprotective activity in addition to ocular hypotensive
activity. There is also the possibility that an overall greater
IOP-lowering efficacy, and perhaps a longer duration of action,
can be achieved by combining novel enzyme inhibitors with
existing GPCR modulating drugs. Prototypic ROCK inhibitors

J.C. Morrison, Y. Guo, T.A. Doser, J.A. Dyck, W.O. Cepurna,
E.C. Johnson
Casey Eye Institute, Oregon Health and Science University,
Portland, OR, USA
Early injury from chronic elevation of IOP in rats involves
damage to the superior optic nerve, along with regulation of
genes involved in cytokine signaling, extracellular matrix
(ECM) production and cell proliferation in the optic nerve head
(ONH). However, the precise level and timing of pressure
elevation in a chronic model is unknown, since variations in
pressure caused by obstructed aqueous outflow are difficult to
control. The aim of this study is to show that several hours of
pressure exposure under anesthesia can result in ONH gene
changes and optic nerve injury that parallel findings from
chronic IOP elevation.
8 month-old male Brown Norway rats were anesthetized with
inhalational isoflurane and the anterior chambers cannulated
and connected to a suspended reservoir containing balanced
salt solution. Right eyes were exposed to pressures of either
50 or 60 mm Hg for 4 and 8 hours. Animals (N=8/time point)
were sacrificed 0h, 12h, 3 days and 10 days following
pressure elevation to determine the sequence of gene
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that lower rabbit and monkey IOP include fasudil, Y-27632,
HMN-1152 and Y-39983. Blebbistatin is an inhibitor of myosinII ATPase that was reported to increase aqueous humor
outflow facility in perfused porcine eyes. Pyrrolopyrimidine
class of LIM kinase-2 inhibitors have recently been
demonstrated to lower mouse IOP and increase porcine eye
outflow facility. Published literature on the various ocular
hypotensive enzyme inhibitors mentioned above will be
presented and discussed.

tissues has stimulated a surge of interest in their biological
significance in ocular tissues.
Objective/methods: The aim of the current presentation is to
provide a comprehensive overview of the potential role of H2S
and CO in the regulation of IOP and retinal neuroprotection.
Understanding the physiology and pharmacological role of H2S
and CO in the eye is critical to our expanding knowledge of
these gaseous mediators in ocular diseases.
Results: The two biosynthetic enzymes for H2S production,
cystathionine β-synthase (CBS) and cystathionine γ-lyase
(CSE) are present in several ocular tissues. Recent studies in
our laboratory show that H2S is endogenously produced in
mammalian ocular tissues with the highest amount detected in
the retina. Furthermore, we have evidence that this gas can
exert pharmacological effects in ocular smooth muscles, alter
sympathetic and glutamatergic neurotransmission and play a
regulatory role in signal transduction processes in the retina. A
recent study has reported that a H2S-releasing molecule can
significantly reduce IOP and that this effect was accompanied
by an increase in reduced gluthationine levels. The regulatory
enzyme responsible for generation of CO in tissues, heme
oxygenase (HO) has also been shown to be present in the
eye. Studies have reported that CO generated from heme can
function as a modulator of the cGMP signal transduction
system in the retina, increase retinal and choroidal blood flow,
and play a protective role in retinal ischemia and oxidative
stress. In addition, CO has been shown to be involved in the
regulation of IOP. There is evidence of a cross-talk between
CO and H2S in which heme can bind to CBS and CO can
inhibit CBS activity.

O020
OCULAR HYPOTENSIVE ACTIVITY OF NO-DONATING
PROSTAGLANDINS: A REVIEW
A. Krauss
Ophthalmology, GlaxoSmithKline, King of Prussia, PA, USA
Prostaglandin (PG) F2α analogs are highly efficacious ocular
hypotensive agents and in widespread clinical use for the
treatment of glaucoma and ocular hypertension. Nitric oxide
(NO) has been implicated in many physiological and
pathophysiological processes. NO appears to play a role in the
regulation of IOP since i) NO donors lower IOP in preclinical
animal models and in humans; ii) aqueous humor levels of NO
and its second messenger cGMP are reduced in glaucoma
patients. In primates, NO donors increase outflow facility
regarded as a measure of pressure-sensitive trabecular
outflow. PG analogs are thought to primarily act via the
uveoscleral outflow pathway. Thus, conceptually NO and PG
analogs may be additive in reducing IOP. NCX 125 and NCX
116 (PF-03187207) are NO-donating PGF2α analogs. In a
rabbit model of transient ocular hypertension, glaucomatous
dogs and ocular hypertensive cynomolgus monkeys, both NOdonating compounds have been reported to lower IOP more
effectively than the reference compound, latanoprost. As a
result, NCX 116 has been investigated in two Phase II studies
in glaucomatous patients, comparing its safety and efficacy to
latanoprost
0.005%
(Xalatan®)
(www.clinicaltrials.gov
NCT00441883, NCT00595101). NCX 116 was found to be
safe and well tolerated. The greatest reduction of IOP was
observed at the highest (0.04%) dose administered once-daily
in the evening. Diurnal IOP lowering, from baseline, was
numerically greater with NCX 116 by approximately 1 mmHg
on day 28 compared with latanoprost (Xalatan®). However,
the difference did not achieve statistical significance for a
change in diurnal IOP from baseline compared with evening
dosing with latanoprost (Xalatan®). In summary, NO-donating
PG analogs may provide effective ocular hypotensive drugs for
the treatment of primary open angle glaucoma and ocular
hypertension.

Conclusions: H2S and CO play potential roles as gaseous
neuromodulators of physiological/pharmacological processes
in the eye. A regulatory action of H2S and CO on IOP, coupled
with a possible retinoprotective role opens up new
opportunities for the use of H2S and CO for the therapy of
glaucoma and other ocular diseases.
O022
GUANYLATE CYCLASE ACTIVATORS, CELL VOLUME
CHANGES AND IOP REDUCTION
D. Ellis
Pharmacodynamics, University of Florida, Gainesville, FL,
USA
Glaucoma afflicts millions of people worldwide and is a major
cause of blindness. Increased resistance to aqueous humor
outflow through the trabecular meshwork and Schlemm's canal
results in high IOP; a risk factor for glaucoma. Therefore
proper regulation of IOP is critical to the health of the eye. The
role of guanylate cyclase activators in regulating IOP is well
documented in humans, rabbits and monkeys. There are two
distinct groups of guanylate cyclases, membrane guanylate
cyclase and soluble guanylate cyclase (sGC), activators of
both have been shown to decrease IOP. Members of the
membrane guanylate cyclases family of receptors bind to
peptide ligands, while the sGC respond to gases such as NO
and CO2 and compounds such as YC1, [3-(5'-hydroxymethyl2'furyl)-1-benzyl indazole), a benzyl indazole derivative, and
BAY-58-2667; activation of either resulting in formation of
cGMP from GTP.

O021
IOP MODULATION & RETINOPROTECTION WITH
HYDROGEN SULFIDE AND CARBON MONOXIDE
S. Ohia1, Y. Njie-Mbye1, M. Zhao1, M. Kulkarni1, E. Monjok2, K.
Kulkarni2, O. Bongmba2, A. Chitnis2, G. Kouamou2, C. Opere3
1

Pharmaceutical Sciences, Texas Southern University,
Pharmacology and Pharmaceutical Sciences, University of
Houston, Houston, TX, 3Pharmacy Sciences, Creighton
University Medical Center, Omaha, NE, USA
2

Background: Elevated intraocular pressure (IOP) is a primary
risk factor for optic nerve damage in glaucoma. Hydrogen
sulfide (H2S) and carbon monoxide (CO) are multifunctional
signaling gaseous molecules with pivotal roles in physiological
processes such as smooth muscle tone regulation,
inflammation, neuromodulation and cell survival. Evidence of
the endogenous production of H2S and CO in mammalian

While activators of both membrane guanylate cyclase and
sGC have the ability to lower IOP, the IOP lowering effects of
sGC are note worthy because sGC activators can be topically
applied to the eye to achieve an effect.
IOP is created as the balance between aqueous humor
secretion in the ciliary processes and aqueous humor outflow
through the trabecular meshwork and Schlemm's canal. The
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ciliary process epithelia Na,K-ATPase, in concert with ion
channels and carriers, contributes to the bulk secretion of
aqueous humor in the ciliary processes. Functional
interactions between the guanylate cyclase system and Na,KATPase have been demonstrated; specifically, activation of
guanylate cyclase inhibits ciliary process Na,K-ATPase,
mediated by increases in cGMP and protein phosphorylation
events.

segment plasma membrane and synaptic terminal only when it
was fused to synaptophysin's cytoplasmic C-terminus. The
analysis of additional constructs with deletions or single point
mutations in the C-terminus of synaptophysin pinpointed the
last C-terminal eight amino acids as the minimal targeting
signal. We anticipate that further characterization of this novel
targeting signal will allow us to uncover mechanisms
controlling membrane protein targeting to photoreceptor
synaptic terminals.

There is a correlation between changes in cell volume and
rates of aqueous humor outflow; agents that decrease
trabecular meshwork and Schlemm's canal cell volume,
increase the rate of aqueous humor outflow. Activators of
sGC, increases in cGMP and activation of protein kinase G
(PKG), have been shown to increase aqueous humor outflow
in a time course that correlates with the time course for sGCinduced decreases in trabecular meshwork and Schlemm's
canal cell volume. Additionally, sGC-induced decrease in cell
volume is accompanied by both K+ and Cl- efflux induced by
activation of K+ and Cl- channels, including the BKca channel
and/or K+/Cl- symport. This suggests that parallel K+/Cl- efflux,
and resultant H2O efflux result in decreases in cell volume.
These observations suggest a functional role for sGC
activators, and suggest that the sGC/cGMP/PKG systems are
potential therapeutic targets in the treatment of glaucoma.

O024
VESICULAR MEMBRANE TRAFFICKING AND
MORPHOGENESIS OF MAMMALIAN PHOTORECEPTORS
C.-H. Sung, J.-Z. Chuang, Y.-C. Hsu
Ophthalmology, Weill Cornell Medical College, New York, NY,
USA
Background and aims: Rod outer segment (OS), is a
modified cilium containing ~1,000 stacked disc membranes
that are densely packed with visual pigment rhodopsin. The
mammalian OS is renewed every ten days; new discs are
assembled at the bases of the OS by a poorly understood
mechanism. The precise route taken by rhodopsin from its site
of synthesis to the disc membrane and the mechanism
underlying the disc renewal are incompletely understood. Our
previous studies suggested in mammalian rods that the new
discs are assembled and "grow" via SARA-mediated fusions
between axonemal rhodopsin vesicles and nascent discs. The
new concept that rhodopsin vesicles provide "building blocks"
for disc membranes raised many questions. What is the nature
of the vesicles? What are the molecular pathways that underlie
the production of these vesicles? Because SARA is an
early/sorting endosomal protein, we began to ask whether the
endocytic pathway is involved in the OS targeting of
rhodopsin.

Membrane Trafficking in Photoreceptor
Cells
O023
IDENTIFICATION OF A TARGETING SIGNAL IN THE
SYNAPTIC VESICLE MARKER PROTEIN,
SYNAPTOPHYSIN
S. Baker
Ophthalmology, Duke University Medical Center, Durham, NC,
USA

Methods:

Photoreceptors are specialized neurons, consisting of several
discrete compartments organized in a linear array. These
compartments include the photosensitive outer segment, the
biosynthetic inner segment, the nuclear region, and the
synaptic terminal. Some of the signals and mechanisms that
ensure the proper sorting, targeting and trafficking of proteins
to the outer segment are known but very little is understood
about these processes in the other compartments of the
photoreceptor. The overall goal of this project is to gain
insights into how synaptic vesicle proteins are sorted to the
synaptic terminal of the cell. It is generally accepted that
membrane proteins destined for the synaptic vesicle are
sorted at the Golgi into synaptic vesicle precursors which are
trafficked to the synaptic terminal and fuse with the plasma
membrane. The mature synaptic vesicle is then formed by
endocytosis of material from the plasma membrane. In the
photoreceptor; these vesicles are organized around the
synaptic ribbon. The most abundant protein in synaptic
vesicles is synaptophysin, an oligomeric, tetraspanin protein
found in all neurons and neuroendocrine cells. The exact role
of synaptophysin remains unknown but it has been proposed
to contribute to synaptic vesicle biogenesis, recycling and
synaptic transmission. The specific goal of this project was to
determine the minimal sequence within synaptophysin that
directs its targeting to the synaptic terminal. This was
accomplished by expressing constructs consisting of a
reporter, membrane-associated YFP, fused to various regions
of synaptophysin in rod photoreceptors of transgenic Xenopus
laevis. The subcellular localization of these proteins in tadpole
photoreceptors was assessed by confocal microscopy. The
YFP reporter alone was found throughout the cell but strongly
accumulated in the outer segment, as has been previously
described for membrane proteins lacking targeting information
in this cell type. The reporter was restricted to the inner

(1) Mouse models in which the sara gene could be selectively
deleted using the Cre-LoxP gene-targeting strategy have been
generated.
(2) We determined how the inhibition of endocytic traffic
processes affected rhodopsin´s transport by using transfected
rods as a model system.
Results:
(1) SARA null mice displayed morphologically relatively normal
retinas that developed outer segment. However, rhodopsin
appeared to be mislocalized.
(2) Rhodopsin was mislocalized in rods of which endocytic
trafficking pathway was perturbed.
Conclusions:
(1) The lack of developmental defect of these mice is likely to
provide us a window of opportunity to dissect and refine
SARA´s pleiotropic roles in mature rods.
(2) The endosomal transport may play a role in regulating the
OS targeting of rhodopsin.
O025
ROLES FOR HETEROTRIMERIC KINESIN-2 IN
PHOTORECEPTOR CELLS
D. Williams1,2, V. Lopes1,2, D. Jimeno2
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UCLA School of Medicine, Los Angeles, 2UCSD School of
Medicine, La Jolla, CA, USA

Microbial Pathogen-Induced Ocular
Inflammation

In rod photoreceptor cells, loss of heterotrimeric kinesin-2
function causes mislocalized opsin, followed by rapid cell
death, indicating a critical role for this motor in the transport of
opsin-containing membrane to the outer segment (OS). Here,
we assessed whether this motor is also required for
translocating soluble signaling proteins to the OS. We provide
evidence against a role in the translocation of transducin to the
outer segment in response to dark adaptation. In testing the
translocation of arrestin to the outer segment in response to
light adaptation, we observed that arrestin also remained in
the inner segment of KIF3A-depleted rods, however, in this
case, the primary cause appears to result from its lightdependent binding to mislocalized opsin. We addressed
whether the consequential formation of mislocalized opsinarrestin complexes promoted cell death, as has been
suggested in Drosophila and K296E mutant opsin mice.
However, photoreceptor cell loss was found not to be
dependent on arrestin or photoactivation. In contrast, reduced
rod opsin expression provided enhanced rod and cone
photoreceptor survival and function, as measured by
photoreceptor cell counts, apoptosis assays, and ERG
analysis. The greatest rescue from the degenerative effect of
dysfunctional kinesin-2 occurred in the complete absence of
opsin. Our results indicate that the mislocalization of opsin is a
major cause of photoreceptor cell death in the absence of
heterotrimeric kinesin-2 function, and demonstrate the
importance of the accumulation of mislocalized opsin protein
per se, rather than specific signaling properties of opsin,
stemming from light activation or arrestin binding.

O027
S. AUREUS/EPITHIAL CROSS TALK: HOST MICROBE
INTERACTIONS ON THE MUCOSAL SURFACE
M. Gilmore, S. Heimer, A. Yamada, T. Suzuki
Harvard Medical School, Boston, MA, USA
Staphylococcus aureus colonizes the wet mucosa and skin of
most humans. However, it is also one of the microbes that
most easily breaks the commensal relationship with the host to
cause infection. Confounding this problem, S. aureus has
become increasingly antibiotic resistant. Since 2005, just the
methicillin resistant type of S. aureus has caused more
invasive infection than any other bacterium in the US, and
more deaths in the US than HIV/AIDS. Since S. aureus is
often found on the ocular surface, and since it is a leading
cause of keratitis, it was of interest to determine how corneal
epithelial cells responded to it, and to determine to what extent
this response was driven by toxin production. Moreover, it was
of interest to compare this response by cells derived from an
immune privileged tissue, to reports of the responses of cells
of the wet mucosa of anatomical sites. To do so, we exposed
human corneal epithelial cells to S. aureus, either expressing
toxins or highly attenuated as the result of mutations in the
global regulators agr and sarA, and then assessed mRNA
expression in the epithelial cell by microarray, at an optimized
multiplicity of 20 bacteria per epithelial cell. We found that S.
aureus induced a very robust expression of CCL20 by corneal
epithelial cells, noting an increased abundance in its mRNA by
about 400 fold. We also observed an increase in the secretion
of CCL20 by these cells. This occurred irrespective of the
expression of toxins. Interestingly, although we could use S.
aureus to induce expression of CCL20 by primary human
corneal epithelial cells, this response was not induced by the
TLR2 agonist, Pam3Cys in agreement with published literature
reports of both the limited expression of TLR2 on the surface
of the corneal epithelium. As expected, we observed the
anticipated increases in mRNA abundance for IL1b, IL6, IL8,
TNFa in the range of 10 - 50 fold, about 10X lower than the
CCL20 response. The expression of toxins mainly affected
functions related to stress response. These results highlight
the role of CCL20 in the epithelial cell response to S. aureus,
and indicate that a main role in detecting S. aureus is to
induce maturation and recruitment of dendritic cells to the site
of infection. The mechanism by which this signal is translated
into the epithelial cell is the subject of continuing study, but
does not appear to be TLR2.

O026
PHOSPHORYLATION OF KIF17 IN PHOTORECEPTORS
REGULATES ASSOCIATION WITH THE
INTRAFLAGELLAR TRANSPORT MACHINERY AND
OUTER SEGMENT TURNOVER
J. Besharse
Cell Biology, Neurobiology and Anatomy, Medical College of
Wisconsin, Milwaukee, WI, USA
Phototransduction in the photoreceptor outer segment (OS), a
sensory cilium, is among the best-understood neural signaling
systems. However, the molecular details of assembly of the
OS remain unclear. Recent attention has turned to
intraflagellar transport (IFT), a conserved pathway mediated
by two kinesin 2 family motors, the heterotrimeric KIF3
complex and homodimeric KIF17. We have previously shown
that KIF17 associates with IFT transport complexes and is
required for assembly of the outer segment. Using zebrafish
and dominant negative constructs in which the motor head
group is replaced with GFP, we have found that the KIF3
complex has multiple functions including synaptic ribbon
assembly while KIF17´s function appears to be restricted to
the OS. Photoreceptors coordinate renewal and turnover of
photosensitive discs according to light-dark cycles, and diurnal
changes in intracellular calcium regulate the activity of kinases
like CaMKII. Recent work in neuronal dendrites has shown
that KIF17 phosphorylation by CamKII releases its dendritic
cargo. Here, we show that CaMKII-mediated phosphorylation
of KIF17 at a highly conserved serine in the tail domain is
required for its association with IFT proteins and entry into the
OS. Furthermore, mutation of this serine to an aspartate
results in constitutive entry into the OS and increased OS
turnover through disc shedding. Finally, KIF17 abundance and
phosphorylation state are regulated in a diurnal pattern,
providing insight into the molecular mechanism underlying
diurnal OS turnover.

O028
THE CAPSULE OF INVASIVE KLEBSIELLA PNEUMONIAE
CONTRIBUTES TO INCREASED DISEASE SEVERITY IN
EXPERIMENTAL ENDOPHTHALMITIS
J. Hunt1, M. Callegan2,3
1

Microbiology and Immunology, 2Ophthalmology, University of
Oklahoma Health Sciences Center, 3Dean A. McGee Eye
Institute, Oklahoma City, OK, USA
Community acquired invasive Klebsiella pneumoniae is being
reported with increasing frequency in literature. While most of
these cases are from the Far East, invasive K. pneumoniae is
not restricted to this region. In approximately 10% of cases,
metastatic endophthalmitis is a sequela, with only 30% of
patients retaining “count finger” vision or better. Recently
mucoviscosity associated gene A (magA) has been highly
correlated with invasive K. pneumoniae. magA+ K.
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pneumoniae have a hypermucoviscous exopolysaccharide
capsule which lends resistance to macrophage and serum
killing. While its contribution to systemic disease has been
reported, little is known about the contribution of magA once
bacteria gain access to the interior of the eye. To this end, we
analyzed the progressionof disease in a model of experimental
K. pneumoniae endophthalmitis. We injected approximately
100 CFU of wild type strain NTUHK2044 or isogenic magA- K.
pneumoniae directly into the vitreous of C57BL/6 mice and
followed disease outcome by electroretinography (ERG),
whole eye histology, and quantifying bacterial growth and
inflammation. By the end of the experiment (24 hours) the
magA+ strain had grown to approximately 3 logs greater
density in the eye than the magA- mutant. This difference was
paralleled with the magA+ strain eliciting greater inflammation,
as measured by abundance of myeloperoxidase. Additionally,
the magA- strain caused less visual function loss than the
magA+ strain, as measured by ERG. At 18 and 24 hours, the
percent of retained A-wave and B-wave of magA- infected mice
was significantly higher. At 24 hours, the percent retained Awaves were approximately 80% and 30% for the magA- and
magA+ strains, respectively. Histologically, the leakage of fibrin
and infiltration of immune cells was evident at 12 hours for
magA+ infected eyes, while this was not noticeable in magAinfected eyes until 18 hours. Taken together, this suggests that
magA contributes to poor visual outcome. Recently, magA was
reported to mask the recognition of TLR4 ligands on K.
pneumoniae. While our data indicates that, at early time
points, the magA+ strain grows to a much higher density in the
eye while eliciting a similar degree of inflammation as the
magA- strain, it is unclear if this is dependent on TLR4
recognition. Future studies will focus on this question.

Smear and culture both showed positive results in three cases.
Conclusions: Real-time PCR could be useful to diagnose AK
in a faster and more precise fashion than the conventional
microscopic examination and culture technique. Utility of
Acanthamoeba DNA copy number obtained by real-time PCR
can help clinicians in making the best treatment decision.
O030
TOWARDS AN IMMUNOTHERAPEUTIC HUMAN CD8+ TCELL EPITOPE-BASED VACCINE AGAINST OCULAR
HERPES USING A NOVEL HLA-A*0201 TRANSGENIC
RABBIT PRE-CLINICAL MODEL
A. Alami Chentoufi1, G. Dasgupta1, N. Christensen2, J. Hu2,
A. B. Nesburn1, S. Wechsler1, L. BenMohamed1,3
1

Laboratory of Cellular and Molecular Immunology, The Gavin
Herbert Eye Institute, University of California, Irvine, Orange,
CA, 2Hershey Medical Center, Pennsylvania State University,
Hershey, PA, 3Institute for Immunology. University of
California, Irvine, CA, USA
Purpose: Herpes simplex virus 1 (HSV-1) infects the cornea
and then establishes life long latency in sensory neurons of
trigeminal ganglia (TG). Spontaneous reactivation of HSV-1
from latency causes virus shedding in tears, which might lead
to Herpes Stromal Keratitis (HSK), a blinding ocular disease.
How to prevent or significantly reduce virus shedding and
recurrent HSK is still unknown. In mice, HSV-1 specific CD8+
T-cells decrease the induced HSV-1 reactivation. However,
mouse is not the ideal model to study recurrent HSK because
unlike human, spontaneous HSV-1 reactivation in mice is an
extremely rare event. In contrast, spontaneous reactivation
occurs in rabbits. Furthermore, HLA transgenic rabbits can
mount humanized CD8 T-cell responses.

O029
DIAGNOSIS OF ACANTHAMOEBA KERATITIS USING
REAL-TIME PCR

Methods: We launched a novel HLA-A*0201 transgenic (HLA
Tg) rabbit to assess the protective efficacy of human CD8+ T
cell epitope-based vaccine candidates against virus shedding
and recurrent HSK. As a vaccine, immunodominant human
CD8+ T cell epitopes from HSV-1 glycoprotein D (gD53-61, gD7078, and gD 278-286) were joined with a promiscuous human CD4+
T cell epitope (gD49-82) to construct three separate pairs of
CD4-CD8 peptides. Each CD4-CD8 peptide pair was then
covalently linked to an Ne-palmitoyl-lysine residue to construct
CD4-CD8 lipopeptides. HLA Tg rabbits were immunized
subcutaneously with a mixture of three CD4-CD8 lipopeptides
prior to HSV-1 challenge. Other groups of latently infected
HLA Tg rabbits were immunized with the same lipopeptides.

M. Itahashi, K. Sugioka, A. Kodama, S. Higaki, H. Mishima, Y.
Shimomura
Department of Ophthalmology, Kinki University School of
Medicine, Osaka-Sayama, Japan
Purpose: Acanthamoeba keratitis (AK) is a vision-threatening
disease that does not respond well to treatment. Patients with
AK are often left with deteriorated vision caused by corneal
opacity. Culture and smear examination are the conventional
diagnostic method to detect causative Acanthamoeba.
However, culture faces challenging problem such as long
turnaround time, results of smear examination depend on
laboratory technician's skill. In this study, we performed realtime PCR to detect and quantitate Acanthamoeba in patients'
corneal samples.

Results: Both prophylactic and therapeutic immunization
induced HSV-gD49-82-specific CD4+ T cells in draining lymph
node (DLN); induced HLA-restricted HSV- gD53-61, gD70-78, and
gD 278-286-specific CD8+ T cells in DLN, conjunctiva, and
trigeminal ganglia (TG) and reduced HSV-1 replication in tears
and corneal eye disease after ocular HSV-1 challenge. The
induction of HSV-1 epitope-specific CD8+ T cell responses in
DLNs, conjunctiva, and the TG were inversely proportional
with corneal disease. Therapeutic immunization decreased
spontaneous reactivation 4-fold (p < 0.0001). Protective
immunity correlated with the presence of local granzyme B+,
IFN-gamma+, CD8+ T-cells in TG and DLN.

Methods: Subjects were 5 patients (average age, 25.0 years)
at the Kinki University Outpatient Clinic. Patient's corneal
scrapings and tear samples were collected. Smear analysis,
culture, and real-time PCR were performed on the samples.
DNA was extracted from the corneal scrapings using DNA
extraction Kit. Real-time PCR was performed using Taqman
probe. The primers and probe were designed against
Acanthamoeba 18SrRNA. The PCR assay was conducted on
an ABI PRISM 7000 Sequence Detector. Treatment for AK
was initiated after the diagnosis was confirmed. We
quantitated Acanthamoeba and monitored the variation in
Acanthamoeba DNA copy number over the treatment course.

Conclusions: The HLA Tg rabbits appeared to be a useful
preclinical animal model for investigating the immunogenicity
and protective efficacy of human CD8+ T cell epitope-based
vaccines against virus shedding and recurrent HSK.

Results: By real-time PCR, all five patients were positive for
Acanthamoeba with an average DNA copy number of
5.6±4.9×103 (copies/sample) before results of smear and
culture.
Using the quantitation results to monitor the treatment
outcomes, we successfully treated all patients with AK.
DNA copy number showed parallel clinical features of AK.

Keywords: HLA-A*0201 transgenic Rabbit, HSV-1, CD8+ T
cells, Lipopeptide*Support: NIH grants EY14900, EY15225,
and EY16663, Research to Prevent Blindness, The Skirball
Program in Molecular Ophthalmology, and The Discovery Eye
Foundation.
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O031

Similarly, IL-6R did not co-localize with GFAP, but was
apparent on RGC soma and axons. Intensity of IL-6 labeling
increased by as much as 53% between 3 and 11 months (p <
0.05). IL-6R intensity decreased by 43% at 10 months,
compared to 3 months (p < 0.01). Correlation analysis
revealed that at 10 months, soma size correlated with IL-6
intensity (correlation co-efficient = 0.513, p = 0.03).
Regression analysis (r2 = 0.217) revealed a linear relationship
between soma size and IL-6 intensity (F = 5.719, p = 0.03). At
11 months, IL-6 intensity also correlated with astrocyte density
(correlation co-efficient = -0.505, p = 0.03). Polynomial
regression analysis (r2 = 0.680) revealed an inverse, thirdorder relationship between IL-6 intensity and astrocyte density
(F = 9.94, p < 0.01). IL-6R intensity did not correlate
statistically with any parameter of reactivity in any age group
(p > 0.05).

HSV-1-INDUCED OCULAR LYMPHANGIOGENESIS
D. Carr1, T. Wuest2
1

Ophthalmology, 2Microbiology and Immunology, The
University of Oklahoma Health Sciences Center, Oklahoma
City, OK, USA
Herpes simplex virus type 1 (HSV-1) associated keratitis is
among the most common causes of blindness in the
developed world. In addition to causing blinding corneal
opacity, HSV-1 infection results in the growth of blood and
lymphatic
vessels
into
the
cornea.
Hemand
lymphangiogenesis are either partially or wholly dependent,
respectively, on the upregulation of the cytokine vascular
endothelial growth factor A (VEGF-A) and ligation of its
receptor, VEGFR-2. HSV-1 directly induces upregulation of
VEGF-A, and HSV-1 infected cells are the sole detectable
source of VEGF-A during acute HSV-1 infection. At viral
burdens correlating to those observed in subclinical human
skin infections (102-104 pfu/µl), the net result of infection is the
stimulation of lymphatic endothelial mitosis and chemotaxis
towards VEGF-A producing HSV-1 lesions. Further, the
degree of lymphangiogenesis positively correlates with viral
burden. However, at higher viral burdens on the order of those
observed in human HSV-1 lesions (105-108 pfu/µl),
uncontrolled viral replication exposes lymphatic endothelial
cells (LECs) as viable targets of HSV-1. While blood
endothelial cells are not infected by HSV-1 during normal in
vivo infection, LECs are highly susceptible resulting in the
destruction of lymphatic but not blood capillaries. Intriguingly,
transport of antigen presenting cells from the cornea to
draining lymph nodes is unaffected by lymphatic capillary loss.
However, transport of soluble antigen is blocked which
correlates with impaired development of HSV-1 specific CD8+
T cells. This suggests a novel mechanism by which HSV-1
may inhibit the development and mobilization of adaptive
immunity.

Conclusions: While astrocytes do not express IL-6 or IL-6R in
the DBA/2, both hypertrophy and density of astrocytes are
predictors of IL-6 expression. These data suggest a complex
relationship between glial and neuronal elements in the nerve
fiber and ganglion cell layers, where secretion of cytokines is
likely influenced by secondary cells that are neither producers
nor receivers.

Neural Degeneration in Glaucoma - New
Insights
O033
PATHOLOGICAL CHANGES IN THE STRUCTURE AND
FUNCTION OF GANGLION CELLS IN GLAUCOMA
A. Weber1, C. Harman2
1

Physiology, 2Michigan State University, East Lansing, MI,
USA
Background: Glaucoma is an optic neuropathy thought to
originate at the optic nerve head, where exiting retinal ganglion
cell axons are subjected to mechanical, vascular, and/or
biochemical injury, often as a result of elevated intraocular
pressure. These studies sought to examine the structural and
functional changes that characterize ganglion cell
degeneration in the glaucomatous eye.

O032
INTERLEUKIN-6 AND ITS RECEPTOR EXPRESSION AS A
FUNCTION OF ASTROCYTE REACTIVITY IN THE DBA/2
MOUSE
S.M. Sims, L.E. Holmgren, R.M. Sappington

Methods: Our initial studies combined a primate model of
glaucoma and in vitro retinal preparation with intracellular
labeling techniques, confocal microscopy, and digital image
analysis to examine the morphology of single ganglion cells at
different clinical stages of glaucoma. This model then was
combined with intracellular recordings in order to examine the
intrinsic and visual response properties during early-moderate
stages of the disease process.

Vanderbilt Eye Institute, Nashville, TN, USA
Purpose: Glia-derived interleukin-6 (IL-6) has been shown in
vitro to inhibit pressure-induced apoptosis of retinal ganglion
cells (RGCs). Here we examine the relationship between IL-6,
the IL-6 receptor (IL-6R) and astrocyte reactivity in the nerve
fiber and ganglion cell layers of retina from DBA/2 mice.

Results: The morphological studies showed that the earliest
signs of ganglion cell degeneration involve atrophic changes
related to the dendritic arbor. These include thinning of the
distal dendrites, abrupt changes in dendritic process diameter
at branch points, and a general decrease in the overall
complexity of the dendritic tree. Decreases in ganglion cell
soma size occur concurrently, while reductions in intraretinal
axon diameter appear slightly later in the degenerative
process. This pattern of degeneration is common to both
midget and parasol cells, but is not necessarily uniform for all
cells, even in similar regions of the retina. The intracellular
physiology analyses showed that, despite significant
reductions in soma size (29%), dendritic field area (39%),
dendritic length (41%), and dendritic surface area (60%),
ganglion cells undergo little change with respect to their
intrinsic membrane properties, indicating that at least in the
early stages of the disease they retain their normal membrane
integrity. Significant differences are seen, however, with
respect to the visual response properties of normal vs

Methods: Expression of IL-6 and IL-6R and astrocyte
reactivity were assessed in wholemount retina from DBA/2
mice (ages 3, 10 and 11 months), using immunohistochemistry
against IL-6, IL-6R and the astrocyte marker GFAP. IL-6 and
IL-6R expression were analyzed by measuring label intensity
in digital confocal images. For astrocyte reactivity, we
quantified the area of the cell soma as a measure of
hypertrophy. We also calculated cell density from counts of
GFAP-positive cells Correlations between astrocyte reactivity
and IL-6 and IL-6R expression were assessed by various
statistical analyses, including Mann-Whitney U test, analysis of
variance, pearson product moment correlation and regression
analysis.
Results: Soma area of astrocytes increased by as much as
86% between 3 and 11 months (p < 0.01). Density did not
differ across the age groups (p > 0.05). IL-6 did not co-localize
with astrocytes, but was present in the extracellular space.
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glaucomatous ganglion cells; both groups prefer low spatial
frequency stimuli, with normal cells responding better to stimuli
of higher temporal frequency. In general, cells from
glaucomatous eyes are less stable, and often can only be
driven using high luminance, full field, visual stimuli.

contralateral eye controls in both humans and monkeys.
Increases in type IV and VI collagen and decreases in the
density of capillaries were noted in glaucomatous optic nerves.
Structural degeneration of the optic nerve manifests clinically
as optic nerve cupping, the determination of which is
complicated by disc compliance. When intraocular pressure
increases above physiological levels the lamina cribrosa and
retinal ganglion cell axons are subjected to stretching,
compression and deformation. These changes are associated
with an increase in reactive astrocytes, which are involved in
destruction and remodeling of the optic nerve extracellular
matrix. Elastin is also upregulated in human and experimental
glaucoma. This appears to be a response to the mechanical
stress of elevated IOP.

Conclusions: Structurally, ganglion cell degeneration in
glaucoma is initiated at the level of the distal dendritic arbor
and progresses toward the soma. The concomitant loss of
responsivity to patterned visual stimuli appears to reflect the
pressure-induced changes in the structural integrity and
synaptic organization of the affected neurons, rather than
changes in their intrinsic membrane properties. The
progressive nature of the degeneration, however, suggests a
window of opportunity for neuroprotective intervention.

Visual field deficits correlate with optic nerve degeneration in
human and non-human primate glaucoma. Electrophysiology,
pattern and multifocal ERGs and VEPs, show promise in early
diagnosis and detection of glaucoma progression and may
have some advantages due to their more objective nature.
Imaging techniques such as OCT, HRTII and GDxVCC are
improving in sensitivity and specificity. These instruments are
increasing able to quantify meaningful changes in the structure
of the optic nerve, birefringence and the thickness of the
retinal nerve fiber layer.

O034
OUTER RETINAL DEGENERATION IN GLAUCOMA
J. Jonas1, S. Hayreh2, S. Panda-Jonas1
1

Department of Ophthalmology, Medical Faculty Mannheim of
the Ruprecht-Karls-University Heidelberg, Mannheim,
Germany, 2Departments of Ophthalmology and Visual
Sciences, College of Medicine, University of Iowa, Iowa, IA,
USA

Conclusions: Clinical intervention relies on observations of
what is known to be characteristic of the pathophysiology of
glaucoma. Elucidating the pathophysiology and developing
tools to increase the accuracy of these observations is
essential to enable therapeutic strategies that slow or halt
vision loss.

Background: To examine and describe potential changes in
the outer retinal layer in glaucoma.
Methods: Human globes with secondary angle closure
glaucoma or malignant choroidal melanoma, and monkey eyes
after experimental central retinal artery occlusion,
experimental glaucoma or normal monkey eyes were
examined for abnormalities in the photoreceptor layer and
RPE layer.

O036
LATERAL GENICULATE NUCLEUS DEGENERATION IN
GLAUCOMA

Results: In the human globes, the density of photoreceptors
was lower in the glaucoma group than in the control group.
The monkeys showed a significant loss of photoreceptors and
RPE in the parapapillaryregion in the glaucoma group
compared with the two other monkey groups.

Y.H. Yücel
Departments of Ophthalmology & Vision Sciences and
Laboratory Medicine & Pathobiology, University of Toronto,
The Keenan Research Center at the Li Ka Shing Research
Institute of St. Michael's Hospital, Toronto, ON, Canada

Conclusions: Outer retinal changes occur in experimental
glaucoma in monkeys and in secondary angle-closure
glaucoma in patients.

Glaucoma is a neurodegenerative disease affecting the retinal
ganglion cells, and glaucomatous damage extends to vision
centers in the brain. In primate unilateral glaucoma,
neurodegenerative changes include neuron loss and atrophy,
and dendrite shrinkage in the lateral geniculate nucleus (LGN).
The degeneration in magno- and parvocellular pathways
appears to increase with intraocular pressure and retinal
ganglion cell loss, and in the presence of ocular hypertension,
post-synaptic neurochemical changes can be seen in the
koniocellular pathway. In addition to the involvement of the
layers connected to glaucomatous eye, the neurons in the
LGN layers driven by the fellow non-glaucomatous eye show
degenerative changes. Reactive glial cells and oxidative
changes are also noted in the LGN of the primate glaucoma.
Similar neuropathological changes are observed in the LGN in
human glaucoma, and LGN atrophy has been detected in
brains of glaucoma patients using non-invasive MRI
neuroimaging techniques. The implications of these findings in
understanding the disease progression, and in the detection
and treatment of glaucoma will be discussed.

O035
OPTIC NERVE DEGENERATION IN GLAUCOMA
C. Rasmussen, P. Kaufman
Ophthalmology & Visual Sciences, University of Wisconsin,
Madison, WI, USA
Background and aims: Glaucoma is a progressive optic
nerve neuropathy characterized by loss of retinal ganglion
cells and their axons. Studies of the pathophysiology of
glaucoma are important to characterize the disease and
facilitate advances in treatment strategies.
Methods: Histological sections from human and non-human
primate glaucomatous optic nerves were examined/analyzed.
Changes in collagen, reactive astrocytes, capillary density,
axon numbers and morphology were analyzed and where
possible compared to age matched controls. Functional and
structural aspects of optic nerve degeneration were measured
in vivo using electrophysiology methods and ocular imaging
instruments.

O037
VISUAL CORTEX CHANGES IN GLAUCOMA
R. Harwerth1, M.L.J. Crawford2

Results: Glaucomatous optic nerves are smaller and exhibit
varying degrees of axonal loss compared to age matched or

1

College of Optometry, University of Houston, 2Ophthalmology
and Visual Science, University of Texas, Houston, TX, USA
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Purpose: Although glaucoma is an optic neuropathy caused
by the death of retinal ganglion cells, recent studies have
produced evidence of neuropathy in higher centers of the
afferent visual pathway, especially the lateral geniculate
nucleus (LGN) and striate cortex (V1). Such alterations
suggest an activity-dependent reduction in neuronal function
correlated to the losses in visual sensitivity from glaucoma.
The purpose of this presentation is to describe the correlation
of the downstream metabolic alterations and visual losses
caused by experimental glaucoma in macaque monkeys.

Total RNA was extracted and hybridized to Affymetrix
GeneChip Human Exon 1.0 ST arrays. Data were analyzed to
identify significant expression changes using the Wilcoxon
unpaired rank sum test and the “Significance Analysis for
Microarray” algorithm (SAM; Version 3.0; Microsoft Excel AddIn). Selected gene expression changes were confirmed using
real-time PCR and immunohistochemistry.
Results: We identified over 170 genes with elevated
expression in glaucomatous human ONH when compared to
normal ONH, as well as more than 90 genes with lower
expression levels in the glaucomatous ONH.

Methods: The metabolic activities of afferent pathway neurons
were analyzed for tissue from 16 monkeys with visual field
defects caused by laser-induced, elevated intraocular
pressures. The perimetric mean deviations (MD) of the lasered
eyes ranged from - 5.19 to -26.81 decibells (dB), compared
0.54 to -1.22 dB for control eyes. The relative levels of energy
metabolism of neurons that were topographically related to
perimetry defects were determined by cytochrome oxidase
histochemistry.

Genes with elevated transcript levels in glaucomatous ONH
were functionally associated with cytoskeleton and cell-cell
interactions (e.g., cadherin 2 [3.1 fold increase]), cell cycle and
proliferation (e.g., cyclin D1 [5.0 fold increase]), extracellular
matrix constituents (e.g., tissue inhibitor of metalloproteinase 1
[2.5 fold increase]), immune response (e.g., galectin 3 [2.5 fold
increase]), as well as additional categories.

Results: The results of the studies demonstrated that the
average dB-losses in visual sensitivity were correlated to the
percentage of reduction in cytochrome oxidase activity for both
the parvo- and magnocellular divisions of the retino-geniculocortical pathway, but the correlation was higher and the slope
of the function was steeper for the parvo- than the mangocellular, pathway. The best-fit functions intersected the origin
of the X-Y coordinates, indicating that early alterations in
physiology and visual field defects were simultaneous. Thus, it
is likely that the reduced metabolic activity of visual pathway
neurons is a reflection of the reduced activity of the afferent
connections from retinal ganglion cells.

Decreased transcript levels were observed for genes related to
calcium metabolism (e.g. calbindin 2 [2.8 fold decrease]), cell
growth (e.g. growth associated protein 43 [2.6 fold decrease]),
metabolism (e.g., Aldehyde dehydrogenase family 1, member
A1 [3.1 fold decrease]), and cytoskeleton (e.g., Fast myosin
alkali light chain [7.9 fold decrease]).
Conclusions: To our knowledge this is the first study to
characterize the changes in gene expression that occur in the
human ONH in glaucoma. These data will help to define the
molecular events that lead to optic nerve head cupping and
vision loss in glaucoma.

Conclusions: The results do not support the premise that
alternative perimetry stimuli based on magno-parvo
distinctions will improve the accuracy of clinical perimetry for
the early detection of glaucoma. Rather, the principal findings
are in agreement with structure-function models that small
ensembles of afferent neurons with the highest sensitivity for
the stimulus determine visual thresholds, while the density of
cytochrome oxidase reactivity reflects the loss in afference for
all of the neurons in the sampled site.

The Role of Protein Misfolding in Ocular
Disease Processes
O039
THE ROLE OF MOLECULAR CHAPERONES IN
PREVENTING ROD OPSIN AGGREGATION

Support: NIH grants R01 EY01139, P30 EY07551, and T32
EY07024 (UH) and P30 EY10608 and R01 EY11545 (UT)

M. Cheetham1, M. Kosmaoglou1, C. McCulley1, D.
Athanasiou1, N. Kanuga1, J.P. Chapple2

O038

1

UCL Institute of Ophthalmology, 2Queen Mary University of
London, London, UK

GENE EXPRESSION ANALYSES OF THE HUMAN OPTIC
NERVE HEAD IN GLAUCOMA

Mutations in the archetypal GPCR rod opsin cause autosomal
dominant retinitis pigmentosa. The majority of mutations, such
as P23H, cause protein misfolding. This results in retention of
the mutant protein in the endoplasmic reticulum (ER),
induction of the unfolded protein response and degradation by
ER associated degradation (ERAD). If misfolded rod opsin
escapes degradation, it aggregates and forms intracellular
inclusions.
Molecular
chaperones
facilitate
protein
conformational changes and influence many fundamental
cellular processes: including the correct folding of nascent
chains; protein transport and translocation; protein quality
control and the prevention of protein aggregation. Using a
variety of experimental approaches we are beginning to
identify the molecular chaperones that mediate rod opsin
folding, degradation and prevent rod opsin aggregation. These
chaperones may be useful therapeutic targets to combat rod
cell death in rhodopsin retinitis pigmentosa.

M.H. Kuehn, Y.H. Kwon
Ophthalmology and Visual Sciences, The University of Iowa,
Iowa City, IA, USA
Background and aims: Glaucoma is characterized by a
progressive loss of ganglion cells and characteristic changes
in the optic nerve head (ONH) that discriminate glaucoma from
other optic neuropathies. Unfortunately, ONH cupping is
incompletely reflected in animal models of the disease. The
aim of this study was to characterize the changes in gene
expression using tissue derived from human donors with and
without glaucoma.
Methods: Human optic nerve heads were harvested and
preserved at -80 degrees. The average death to preservation
interval was 4 hours 53 minutes.
Following review of the eye donors' charts by a clinical
glaucoma specialist, 4 donors with primary open angle
glaucoma (age 88.8 +/- 4.9 years), 4 non-glaucomatous
controls (age 89.8 +/- 3.0 years), and 4 donors classified as
either glaucoma suspects or having ocular hypertension (age
89.8 +/- 3.1 years) were chosen for gene expression analysis.

O040
RHODOPSIN FOLDING AND UNFOLDED PROTEIN
RESPONSE SIGNALING
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W.-C.J. Chiang1, V.T. Joseph1, C. Messah1, M.M. LaVail2, J.H.
Lin1

HDIs valproic acid (VPA) and trichostatin A (TSA) show a
differential effect on the folding of mutant rhodopsin where
they assist folding at lower concentrations but drastically
reduce folding at higher concentrations. Interstingly, at lower
HDI concentrations that showed positive effect on folding,
histone 3 was not significantly acetylated. At higher
concentrations the HDACs were inhibited and histone 3 was
significantly acetylated. This differential effect was found to be
specific for the mutant protein as WT rhodopsin folding was
not affected. As expected, the HDIs increase the opsin gene
transcription. Our data demonstrate that HDIs affect the folding
of rhodopsin and may help ameliorate misfolding-related
retinal diseases.

1

Pathology, University of California San Diego, La Jolla,
Beckman Vision Center, University of California San
Francisco, San Francisco, CA, USA
2

Background and aims: Mutations in rhodopsin underlie many
types of Retinitis Pigmentosa. The P23H rhodopsin mutation
leads to rhodopsin misfolding, retention within the endoplasmic
reticulum/secretory pathway, and ultimately photoreceptor cell
death. The Unfolded Protein Response (UPR) encompasses a
set of intracellular signaling pathways that control the behavior
and function of the endoplasmic reticulum in response to
protein misfolding. Transcriptional targets of UPR signaling
include chaperones, endoplasmic reticulum-associated protein
degradation and ubiquitin-proteasome system components,
and ER structural and transport proteins. Here, we
investigated how UPR signaling controls the folding and
maturation of mutant rhodopsin.

O042
RHODOPSIN STABILITY AND LIGHT-EXACERBATED
RETINAL DEGENERATION
O.L. Moritz, B.M. Tam

Methods: To study the link between UPR and rhodopsin, we
developed chemical-genetic tools that enabled artificial
activation of individual UPR signaling pathways in cell culture.
For the UPR pathway controlled by the Ire1 gene, we
introduced an amino acid substitution of isoleucine to glycine
at position 642 (IRE1[I642G]) that enabled regulation of its
activity by the small ATP-analog, 1NM-PP1. For the UPR
pathway controlled by Perk, we used a chimeric form of PERK
fused to FK506-binding protein whose activity could be
regulated by the small dimerizing molecule, AP20187. We
then transfected rhodopsin into cells bearing these chemicalgenetic constructs, artificially activated UPR signaling
pathways, and then measured the effects on rhodopsin
biosynthesis.

Ophthalmology & Visual Sciences, University of British
Columbia, Vancouver, BC, Canada
The rhodopsin mutations P23H, T4K and T17M are all
associated with autosomal dominant retinitis pigmentosa.
P23H is the most common mutation associated with autosmal
dominant RP in North America, and is associated with a
rhodopsin biosynthesis defect. T4K and T17M both cause RP,
and eliminate N-linked glycosylation sites. We have modeled
RP caused by these mutations in the context of human and
bovine rhodopsins in transgenic X. laevis, and investigated the
resulting phenotypes in 14 day old animals using dot blot
assays for rhodopsin to quantify retinal degeneration, and
confocal microscopy to image retinal degeneration and to
localize the mutant rhodopsin proteins. Interestingly, the retinal
degeneration phenotypes we observed in all three cases are
exacerbated by light exposure, or conversely, rescued by dark
rearing. However, the mechanisms underlying the retinal
degeneration appear to be distinct in each case. P23H
rhodopsin expressed in X. laevis was synthesized at relatively
low levels, and mislocalized to the endoplasmic reticulum,
consistent with a biosynthetic defect. The biosynthetic defect
was rescued by dark rearing, and rescue was prevented by
eliminating chromophore binding through a second mutation
(K296R), suggesting that chromophore acts as a
pharmacological chaperone to stabilize P23H rhodopsin during
biosynthesis. In contrast, T4K and T17M rhodopsins are
expressed at relatively high levels, and ER retention was not
observed. To further determine the involvement of absent
glycosylation vs altered primary structure in retinal
degeneration caused by these mutants, we similarly
investigated the mutations N2S and N15S, conservative
substitutions which disrupt the same N-linked glycosylation
sites. N15S caused similar light-exacerbated retinal
degeneration, while N2S did not. Thus, lack of glycosylation at
N15S likely contributes to the T17M phenotype, while an
alteration of the amino acid sequence is responsible for retinal
degeneration caused by T4K. Interestingly, despite these
contrasting mechanisms, all three mutants (P23H, T4K and
T17M) caused less dramatic phenotypes in the context of
bovine rhodopsin, which has been demonstrated to have a
relatively high thermodynamic stability. Therefore, we propose
that while these mutants cause retinal degeneration by
apparently disparate mechanisms, instability of the mutant
rhodopsin is a common underlying theme in light-exacerbated
retinal degeneration.

Results: We found that activation of UPR affected the folding
and maturation of rhodopsin protein, primarily through posttranscriptional mechanisms, including attenuation of cellular
protein translation.
Conclusions: Our findings show that manipulation of the
protein-folding environment of the endoplasmic reticulum can
alter the biosynthesis of mutant rhodopsin. Our findings
suggest that pharmacologic targeting of protein folding
pathways in photoreceptors may help them cope with
misfolded rhodopsin.
(Supported by Fight for Sight Foundation Postdoctoral
Fellowship (W-C.J.C.), Hope for Vision Foundation, and NIH
grants EY001919, EY018313)
O041
DOSE-DEPENDENT DIFFERENTIAL EFFECT OF HDAC
INHIBITORS ON YIELDS OF FOLDED RHODOPSIN
S. Noorwez1, S. Kaushal2
1

Ophthalmology, 2University of Massachusetts Medical School,
Worcester, MA, USA
Histone deacetylases (HDAC) are a group of enzymes that
play crucial roles in diverse biological processes. These
actions result mostly from their epigenetically modulating gene
transcription. However, not much is known about their role in
the crucial biological function of protein folding. Proper folding
of proteins is critical for cell survival and consequently
mutations that result in misfolding of proteins are known to
cause a large number of human diseases. We investigated the
role of these enzymes and their inhibitors (HDIs) in the folding
of the WT and the mutant P23H rhodopsin associated with
retinal degeneration. The HDIs inhibited HDACs and increased
the acetylation of histone 3 in a dose-dependent manner. Total
opsin levels for both P23H and WT opsin also increased with
increasing HDI concentrations. We then demonstrated that

Acknowledgements: Supported by the CIHR and the
Foundation Fighting Blindness- Canada.
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O043

Mendelian and age-related forms of human cataracts spread
across all 22 autosomes and the X-chromosome. At least 42
independent loci, including 26 known genes, have been
identified for non-syndromic cataracts segregating most often
as an autosomal dominant trait with high penetrance in over
220 families worldwide. Known genes fall into three groups;
crystallin, membrane/cytoskeleton, and regulatory, however,
non-syndromic cataracts show little genotype-phenotype
correlation. The most frequently mutated genes include those
for crystallins and connexins, and missense coding mutations
are most often detected. Five genes harbor unusually
recurrent mutations, and one gene harbors only non-coding
mutations. Variations in at least 6 genes linked with inherited
cataracts have been associated with age-related cataracts.
Finally, Cat-Map includes over 130 genes/loci for syndromic
forms of cataracts, many associated with neurological
abnormalities, and over 70 mouse models of human cataracts.

HISTONE DEACETYLASE INHIBITORS AND MACULAR
DEGENERATION
S. Kaushal1, A. Roy1, T. Bazon2, L. Lei1, K. Roy1, J. Guu3, E.
Sung3, A. Maminishkis2, P. Baicu3, S. Miller2
1

Ophthalmology, University of Massachusetts School of
Medicine, Worcester, MA, 2National Eye Institute, National
Institutes of Health, Bethesda, MD, 3Allergan, Inc., Irvine, CA,
USA
Central to the pathogenesis of age-related macular
degeneration (ARMD) and glaucoma is inflammation and
depending on the disease death of multiple cell types. These
biological events are associated with nearly every retinal/optic
nerve disorder. Thus, either a combination of target specific
drugs or those that affect multiple cellular processes would
potentially mitigate these diseases. In the present work, we
specifically examined valproic acid's (VPA) effect on retinal
cells. We first established VPA limits hydroquinone (HQ)
mediated RPE cell death. When the RPE is exposed to a
cocktail of IL-1b, TNF-a and interferon-g, VPA downregulates
inflammatory, proangiogenic cytokines including IL-6, IL-8,
MCP-1 and VEGF. We demonstrate that VPA, unlike its
structural analog valpromide (VPD) and other HDIs increases
fluid transport across RPE cells without affecting
transepithelial resistance or potential. Additionally, VPA
significantly mitigates against alternative pathway mediated
complement induced cell death. In a mouse model of
paraquat-induced oxidative stress, VPA has a significant
protective effect. Thus, our novel observations clearly suggest
that VPA and other drugs like it are important chemical probes
in understanding the pathogenesis of retinal disease as well as
candidates for clinical trials.

Conclusions: Cat-Map provides a portal to access molecular
genetic determinants of cataracts in humans and mice, and a
gene-centric basis to assist with clinical classification of
cataracts.
Supported by NIH/NEI EY012284
O045
NANCE-HORAN SYNDROME AND X-LINKED
CONGENITAL CATARACT
A. Hardcastle1, M. Coccia1, S. Brooks1, M. Cheetham1, I.
Russell-Eggitt2
1

UCL Institute of Ophthalmology, 2Great Ormond Street
Hospital, London, UK
Nance-Horan syndrome is an X-linked developmental
cataract-dental disorder. Mutations in a novel gene of
unknown function, NHS, have been identified as the cause of
the syndrome The NHS gene is alternatively spliced, however
isoforms transcribed from exon 1 are known to be critical for
the pathogenesis of Nance-Horan syndrome as mutations
have been identified in this exon. Interestingly, all mutations
identified to date are protein truncation mutations. Clinical
variability of associated phenotypes, such as developmental
delay, will be discussed. We previously mapped X-linked
congenital cataract (CXN) in one family lacking dental features
of the syndrome to Xp22.13 encompassing the NHS locus,
however no mutations were identified in the NHS gene. Two
CXN families, that were negative for mutations, were further
analysed by dense array comparative genomic hybridisation
(CGH). CXN was found to be caused by novel copy number
variations (CNVs) at the NHS locus: a complex duplicationtriplication rearrangement in one family and an intragenic
deletion (intron 1) in another family. These CNVs are predicted
to result in aberrant transcription of the NHS gene. We
suggest that different mechanisms, aberrant transcription of
the NHS gene or no functional NHS protein, lead to either
CXN or Nance-Horan Syndrome respectively. We are also
exploring the function of the NHS protein, in particular isoforms
containing exon 1 known to be important for normal
development of the lens.

Lens Genetics
O044
PUTTING CATARACTS ON THE MAP
A. Shiels1, T. Bennett1, J.F. Hejtmancik2
1

Ophthalmology & Visual Sciences, Washington University
School of Medicine, St. Louis, MO, 2Ophthalmic Genetics and
Visual Function Branch, National Eye Institute, National
Institutes of Health, Bethesda, MD, USA
Background and aims: Cataracts are a clinically and
genetically heterogeneous lens disorder that despite surgical
treatment remains a leading cause of visual impairment. Much
progress has been made in mapping and identifying genes for
inherited cataracts, and there is increasing evidence that
variations in some of these genes are associated with agerelated cataracts. In addition, cataracts are a feature of many
genetic syndromes, and a plethora of mice with cataracts have
been reported. To highlight these findings we have created
Cat-Map; a curated chromosome map of inherited and agerelated cataracts in humans and mice.
Methods: Loci and genes associated with familial or acquired
forms of cataracts that present as an isolated or primary lens
phenotype were obtained by keyword searches of PubMed
and
other
NCBI
databases.
Inheritance
pattern,
family/population origin, gene mutation/variation, cataract
appearance and any associated ocular/systemic phenotypes
were also recorded. Loci and genes for syndromes with
cataracts, and those for spontaneous or induced mouse
mutants with cataracts were also included. Data for each
chromosome were formatted in Excel spread sheets and links
provided to the Entrez Gene database and PubMed.

O046
LOP13 IS A HYPOMORPHIC MUTATION IN SREBP2, A
TRANSCRIPTIONAL REGULATOR OF GENES INVOLVED
IN UPTAKE AND SYNTHESIS OF CHOLESTEROL
D. Sidjanin1, B. Chang2, K. Merath3
1

Cell Biology, Neurobiology and Anatomy/Human Molecular
Genetics Center, Medical College of Wisconsin, Milwauke, WI,
2
The Jackson Laboratory, Bar Harbor, ME, 3Cell Biology,

Results: Cat-Map totals almost 200 genes and loci for
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Neurobiology and Anatomy, Medical College of Wisconsin,
Milwauke, WI, USA

although SMAD3 phosphorylation in response to injury
appears to still occur. These results suggest that αV-integrins
are critically important for the cell signaling responsible for
posterior capsular opacification. This work is supported by
grant EY015279 from the National Eye Institute of the United
States.

Lens opacity 13 (lop13) is a novel congenital autosomal
recessive cataract locus that arose spontaneously on the
129/Sv-ter background. Clinical evaluation of lop13 lenses
revealed the onset of progressive nuclear cataracts at P28.
Histological analysis of P28 lop13 lenses revealed irregular,
disorganized and swollen lens fibers in the lens cortex and
nucleus. A primary goal of this study is to identify the gene
harboring the mutation responsible for the lop13 phenotype
and to establish mouse/human homology of the lop13 locus. A
traditional backcross breeding scheme was set up and >400
F2 animals were generated. At P28 F2 mice were evaluated
for cataracts and were genotyped. The linkage map
established a 517 Kb lop13 critical region on mouse
Chromosome 15. Sequence analysis of candidate genes
identified a single C to T base pair substitution in nucleotide
3112 of the Sterol Regulatory Element Binding Protein 2
(Srebp2) gene. This mutation results in the substitution of an
evolutionarily conserved 1038 arginine to cysteine. To provide
further genetic proof that the identified mutation was disease
causing, mice were generated to carry a trapped Srebp2
allele. The Srebp2 null mice exhibit early embryonic lethality at
E8. However, the heterozygote Srebp2 trapped mice are
viable. The compound heterozygote mice, that carry both the
Srepb2lop13 allele and the Srebp2 trapped allele, were viable
and exhibited cataracts indicating failure to complement. Our
studies provide evidence that lop13 is a hypomorphic mutation
in Srebp2, likely resulting in reduced cholesterol synthesis.
Under basal conditions Srebp2 is bound to ER membranes as
a precursor protein. Upon cholesterol depletion, Srebp2 is
cleaved and the N-terminal part of the protein is translocated
into the nucleus to stimulate transcription of genes involved in
the uptake and synthesis of cholesterol. Although the role of
Srebp2 in cholesterol biosynthesis has been studied
extensively, mutations in Srebp2 have not been previously
linked to adult onset cataract formation.

O048
DEFECTS IN THE CRYGS KNOCKOUT MOUSE LENS
SUGGEST A ROLE FOR ΓS-CRYSTALLIN IN REGULATION
OF ACTIN CYTOSKELETON
J. Fan1, L. Dong1, S. Mishra1, J. Kuszak2, G. Wistow1
1

Section on Molecular Structure and Functional Genomics,
National Eye Institute, NIH, Bethesda, MD, 2Rush University
Medical School, Chicago, IL, USA
γS-crystallin is a major component of the vertebrate eye lens
and is highly conserved in evolution. It is also expressed in
other parts of the eye where it appears to be induced in stress
and disease. To gain insight into the functional roles of γS in
the lens, the mouse gene, Crygs, was deleted, resulting in
Crygs null mice. In contrast to severe cataracts associated
with γS mutation in human and mouse, the Crygs null mice
had no major opacity. However lenses from the γS knockout
(KO) mice were found to be defective in focusing compared to
wild type. Histological examination in frozen sections showed
that KO lenses were apparently normal in epithelial and bow
regions. However they showed incomplete clearing of
fragments of cell nuclei in maturing fiber cells compared to wild
type. Phalloidin staining showed similar distribution of F-actin
in epithelium and superficial cortical fiber layers, but unusual
clumps of phalloidin-positive aggregates in a well defined band
of mature fiber cells were observed in KO lenses, but not in
wild type lenses, suggesting that a defect in organization or
processing of actin cytoskeleton is associated with loss of γS.
Scanning Electron Microscopy of deep fiber cell layers showed
differences in cell-cell junctions, including complete loss of
normal cell junctions in one example. Thus absence of γS is
associated with defects in the cellular machinery of fiber cells
that affects nuclear breakdown and reorganization of
cytoskeleton and junction formation in maturing fiber cells.
Biochemical assays of actin polymerization/depolymerization
suggest that γS has a role in stabilization of F-actin, which
may also be relevant in non-lens tissues of the eye.

O047
THE COMPLEX ROLE OF INTEGRINS IN EPITHELIALMESENCHYMAL TRANSITION IN THE LENS
M. Duncan, F. Mamuya, Y. Wang, D. Scheiblin
Biological Sciences, University of Delaware, Newark, DE, USA
Beta1-integrins are hypothesized to play a significant role in
Posterior Capsular Opacification (PCO) since their expression
upregulates in lens epithelial cells during this process.
However, our prior work demonstrated that beta1 integrins are
required to maintain the lens epithelial phenotype in the
embryo since deletion of this gene results in epithelialmesenchymal transition of these cells followed by apoptosis.
In order to investigate further the role of integrins in EMT, we
surgically removed the lens fiber cells from adult mice and
followed the resulting morphological and molecular changes.
As expected, we observed robust lens epithelial cell (LEC)
multilayering in these animals coincident with the upregulation
of α-smooth muscle actin (αSMA) in addition to the β1, β8, β5,
αV and α5 integrin subunits within 48hrs post surgery. Notably
while the upregulation of β1-integrin and αSMA in post surgical
lenses is well known, our results indicated that vast majority of
the upregulated integrin subunits were capable of forming αV
integrins. In order to test the role of αV integrin in the lens, we
then mated mice harboring floxed αV-integrin alleles with mice
expressing CRE in all lens cells (MLR10). Lenses lacking αVintegrin subunits are transparent but weigh significantly more
than wild type lenses and exhibit slightly irregular ball and
socket interdigitations. However, when challenged by either
lens fiber cell removal or a puncture injury, LECs lacking αVintegrin subunits do not exhibit either the LECs multilayering
nor increased αSMA expression. Notably, cell proliferation in
response to lens injury is attenuated in αV-integrin null lenses

O049
EFFECTS OF MUTATION OF ΒA3/A1-CRYSTALLIN ON
THE LENS
S. Zigler
Ophthalmology, Johns Hopkins University, Baltimore, MD,
USA
Crystallins are highly abundant proteins of the eye lens that
contribute to the transparency and refractive properties
essential to lens function. Once thought to be highly lensspecific, crystallins are now known to be expressed in various
cells outside the lens. It is believed that the crystallins were
recruited for their “crystallin” function in the lens from preexisting proteins with other functions. For certain crystallins
this “original” function is known, but for the proteins of the β,γcrystallin superfamily no such function has been determined to
date.
Our studies on the Nuc1 rat mutant have provided clear
evidence that one member of this family has a critical cellular
function outside of the lens. Nuc1 results from mutation of the
βA3/A1-crystallin gene and the mutation not only causes
cataract, but also significant structural and functional changes
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in astrocytes and retinal pigmented epithelial cells, the other
two cell types in the eye that we have shown to express
βA3/A1-crystallin. While our efforts have not yet revealed the
cellular function of this crystallin, we believe that analysis of
the cataract phenotype in Nuc1 indicates that the function is
important in the lens as well as in astrocytes and RPE cells.
Nuc1 heterozygotes have dense nuclear cataracts with normal
appearing lens cortex. We have shown that the mutant A3/A1
is unable to associate normally with other polypeptides and
that it is prone to aggregation. Further, we have demonstrated
that A3/A1 is expressed in lens fibers by embryonic day 14
and that it is present at highest concentration in the region of
the lens that becomes opaque in the heterozygote. Thus, we
believe that opacity in the heterozygote results from protein
aggregation and disorganization. In the Nuc1 homozygote,
effects on the lens are more severe with posterior capsule
rupture occurring before birth; nuclear opacity is a very early
feature, but in this case there are also effects on secondary
fiber differentiation that are not seen in the heterozygote.
These latter effects, like those seen in astrocytes and RPE
cells, are recessive, likely reflecting loss of the “original”
function of A3/A1 while nuclear cataract in heterozygotes is a
dominant trait related to the “crystallin” function. Based on our
analyses of changes in the lens, as well as in astrocytes and
RPE cells, we have identified critical cellular processes
affected by the Nuc1 mutation in the homozygote including cell
death,
denucleation,
cytoskeletal
organization,
and
differentiation.

We have discovered that FOXC1 regulates the expression of
FOXO1A, while SLC13A3 is regulated by PITX2. Acting
through these target genes, reduced FOXC1 or PITX2
expression increases cell death in cultured TM cells in
response to oxidative stress. These studies have uncovered a
novel role for FOXC1 and PITX2 as essential mediators of
cellular homeostasis in the eye and indicate that a decreased
resistance to oxidative stress may underlie ARS-glaucoma
pathogenesis.
O051
THE NEIGHBOR GWAS: RATIONALE, STUDY DESIGN
AND CLINICAL VARIABLES
J. Wiggs
Harvard Medical School/MEEI, Boston, MA, USA
Despite many genetic linkage efforts, no POAG gene of
significant population effect has been identified, suggesting
that there are multiple genes of more modest effect awaiting
discovery. Recent efforts using GWAS have successfully
identified genetic factors conferring susceptibility to ocular
complex disease including age-related macular degeneration
(AMD) and exfoliation syndrome suggesting that high-density
SNP genotyping will be a useful approach for other complex
disorders including POAG. Our group has initiated two POAG
GWA studies: The NEIGHBOR consortium GWAS of over
2,500 POAG cases and 2,500 controls, and the GENEVA
GLAUGEN study of another 1200 POAG cases and controls.
These studies have harmonized clinical definitions and
genotyping platforms, making inter-study validation and a
combined meta-analysis of at least 3700 cases and 3700
controls possible. The following clinical data have been
collected and will be deposited in dbGaP for over 90% of
NEIGHBOR and GLAUGEN cases and controls: visual acuity,
spherical equivalent, IOP (at enrollment and maximum IOP),
CCT, vCDR (at enrollment and most recent), visual field data
(pattern specific deviation and location of defect), family
history of glaucoma (first and second degree), history of
diabetes, history of hypertension, smoking (ever/never),
alcohol (ever/never), body mass index, weight, height, and if
the individual has used systemic beta-blockers, calcium
channel blockers, or ACE inhibitors. This combined dataset
will provide sufficient power to investigate the complex genetic
architecture of POAG.

Genetics in Glaucoma
O050
THE ARS/GLAUCOMA GENES FOXC1 AND PITX2 ARE
ESSENTIAL MEDIATORS OF OXIDATIVE STRESS
RESPONSE IN THE EYE
M. Walter1, V. Raymond2
1

Medical Genetics, University of Alberta, Edmonton, AB,
Anatomie et Physiologie, University of Laval, Quebec, QC,
Canada
2

Glaucoma is a leading cause of blindness in North America.
Glaucoma prevalence increases with age. Since the average
age of North Americans is increasing, blindness due to
glaucoma is of great clinical importance. While we can treat
glaucoma in some patients to prevent additional vision loss,
glaucoma is currently incurable. We are using an inherited
form of glaucoma, Axenfeld-Rieger Syndrome (ARS), to study
the mechanisms that cause glaucoma. Mutations of two
transcription factor genes; the forkhead domain C1 gene
(FOXC1) and the pituitary homeobox gene 2 (PITX2), cause
ARS. Our studies indicate that either too much or too little
FOXC1 or PITX2 activity result in ocular defects and
glaucoma, and that tight control of these two transcription
factors is required for normal development and response to
cellular stress. Our experiments have also revealed for the first
time that FOXC1 and PITX2 interact and regulate key genetic
pathways involved in stress response in the eye.
Understanding how FOXC1 and PITX2 mutations cause ARS
and glaucoma necessitates determining the genetic pathways
regulated by these two transcription factors. We have created
inducible forms of FOXC1 and PITX2 and used them in
microarray experiments. We found 2,011 genes with
statistically significant expression changes in the presence of
FOXC1. For PITX2, 47 genes with significantly altered
expression were detected. These numbers are consistent with
previous results, and are consistent with the currently held
concept that FOX class proteins are more promiscuous than
other transcription factor gene families. Ten genes displayed
significantly altered expression by both FOXC1 and PITX2.We
focused our initial analyses on target genes that are implicated
in responses to cellular stress and/or regulation of apoptosis.

O052
PITFALLS OF LINKAGE MAPPING AND GENETIC
ASSOCIATION STUDIES IN PRIMARY OPEN ANGLE
GLAUCOMA
M. Sarfarazi
Molecular Ophthalmic Genetics Laboratory, University of
Connecticut Health Center, Farmington, CT, USA
Precise genetic determination of glaucoma etiology is proven
to be much more complicated than originally anticipated
mainly, because of different clinical presentations and, its
genetic mode of inheritance that is perhaps far more
heterogeneous
than
other
Mendelian
conditions.
Approximately 30 different genetic loci have been identified for
congenital, juvenile, adult-onset and other glaucomamanifested clinical parameters such as elevated IOPs and
cup-disk-ratios. Due to inconsistency in clinical diagnosis and
suitably structured families, linkage mapping and gene cloning
strategies have only identified 5 of their defective genes. Major
genes for congenital (CYP1B1) and juvenile-onset (Myocilin)
glaucoma have already been identified, but no major genes
are known for adult-onset POAG, LTG, Exfoliation or closeangle glaucoma. Another recently identified gene (NTF4) in
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892 European POAG subjects is still eagerly awaiting
confirmation by other investigators. Undoubtedly, these
limitations had to be resolved by other robust methodologies.
One obvious strategy was to utilize a large group of unrelated
affected glaucoma cases and their matched control individuals
in a genome-wide association study (GWAS). Such casecontrol studies have been widely used for many clinical entities
with similar clinical, genetic and molecular complexity. The first
GWAS utilization in glaucoma was published for a group of
Japanese subjects (827 POAG, and 748 controls). Six SNPs
mapping to close proximately of 3 coding genes (ZP4,
PLXDC2 and TMTC2) showed significant genetic association
with Japanese POAG subjects. No disease-causing mutations
have been reported in these genes as yet. Another study of
POAG subjects from Barbados identified similar genetic
association with 2 SNP markers in AK127244 gene that map
to POAG locus of GLC1H on 2p16 region. However, this
genetic association seems to be limited to the Barbados
POAG subjects as screening of these 2 SNP markers in a
group of our 692 British individuals (277 POAG, 71 LTG and
344 controls) failed to replicate it in Caucasian glaucoma
subjects. In conclusion, it seems that linkage mapping, gene
cloning and genome-wide association studies have not been
able to adequately identify a major defective gene for POAG.
Although this approach was very successful for Exfoliation
glaucoma and LOXL1 gene, its application may be limited to
POAG subjects. One strategy to overcome the extreme
genetic heterogeneity of POAG is to pool patient resources
from many similarly-structured ethnical populations and to
perform a unified genome-wide association study. This
approach may increase our chances of identifying rare or large
number of SNPs with minor association to POAG.

Results: Here we report seven different heterozygous
mutations in NTF4 gene accounting for about 1,7% of primary
open angle glaucoma patients of European origin. Molecular
modeling predicted a decreased affinity of NT-4 mutants with
its specific tyrosine kinase receptor B (TrkB). Expression of
recombinant NT-4 carrying the most frequent mutation was
demonstrated to lead to a decreased activation of TrkB. Insitu hybridization experiments showed specific localization of
NTF4 signals in the human adult retinal ganglion cell layer
suggesting its possible direct role in the pathogenesis.
Conclusion: These findings suggest a novel pathway in the
pathophysiology of glaucoma trough loss of neurotrophic
function and may eventually open the possibility to use ligands
activating TrkB to prevent the progression of the disease.
O054
CHARACTERIZATION OF LTBP2 AS A PCG CAUSING
GENE
C. Paisan-Ruiz
Molecular Neuroscience, UCL Institute of Neurology, London,
UK
Glaucoma is a heterogeneous group of optic neuropathies that
manifests by optic nerve head cupping or degeneration of the
optic nerve, resulting in a specific pattern of visual field loss.
Glaucoma leads to blindness if left untreated, and is
considered the second leading cause of blindness worldwide.
The subgroup primary congenital glaucoma (PCG) is
characterized by an anatomical defect in the trabecular
meshwork, and age at onset in the neonatal or infantile period.
It is the most severe form of glaucoma. CYP1B1 was the first
gene genetically linked to PCG, and CYP1B1 mutations are
the cause of disease in 20-100% of patients in different
populations. Here, we report that LTBP2 encoding latent
transforming growth factor beta binding protein 2 is a PCG
causing gene. A disease-associated locus on chromosome 14
was identified by performing whole genome autozygosity
mapping in Iranian PCG families using high density single
nucleotide polymorphism chips, and two disease-segregating
loss of function mutations in LTBP2, p.Ser472fsX3 and
p.Tyr1793fsX55, were observed in two families while
sequencing candidate genes in the locus. The p.Tyr1793fsX55
mutation affects an amino acid close to the C-terminal of the
encoded protein. Subsequently, LTBP2 expression was shown
in human eyes, including the trabecular meshwork and ciliary
processes that are thought to be relevant to the etiology of
PCG.

O053
HETEROZYGOUS NTF4 MUTATIONS IMPAIRING
NEUROTROPHIN-4 SIGNALING IN PATIENTS WITH
PRIMARY OPEN ANGLE GLAUCOMA
F. Pasutto1, T. Matsumoto2, C. Mardin3, H. Sticht1, J.H.
Brandstätter1, N. Weisschuh4, W. Ramdas5, L. van Koolwijk5,
C. Klaver5, J. Vingerling5, B. Weber6, F. Kruse1, B.
Rautenstrauss7, Y.-A. Barde2, A. Reis1
1

Erlangen-Nuremberg University, Erlangen, Germany,
University of Basel, Basel, Switzerland, 3Dep. of
Ophthalmology, Erlangen-Nuremberg University, Erlangen,
4
University Eye Hospital, Tübingen, Germany, 5Erasmus
University Medical Center, Rotterdam, The Netherlands,
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University of Regensburg, Regensburg, 7MGZ-Medical
Genetics Centre, Munich, Germany
2

Background: Glaucoma, a main cause of blindness in the
developed world, is characterized by progressive degeneration
of retinal ganglion cells (RGCs) resulting in irreversible loss of
vision. While members of the neurotrophins gene family in
various species are known to support the survival of numerous
neuronal populations, including RGCs, it is less clear whether
they are also required for survival and maintenance of adult
neurons in humans.

O055
MODIFIER GENES AND AGE AT ONSET OF OPEN-ANGLE
GLAUCOMA
V. Raymond1,2, P. Belleau1, R. Arseneault1, J.-L. Anctil2, E.
Shink1, M.-A. Rodrigue1, G. Côté2, M. Amyot3, P. Blondeau4,
M. Walter5

Methods: Sequence analysis of the complete coding region of
Neurotrophin-4 (NTF4) was carried on in our German cohorts
of 399 glaucoma patients and 376 control subjects both
ophthalmologic examined. Two further replication cohorts were
analyzed to confirmed results: respectively one from Tübingen
with 282 patients and one from Rotterdam with 211. Molecular
modeling with the known crystal structure of the complex
between neurotrophin 4 protein (NT-4) and its specific receptor
TrkB were used to explain the potential functional effect of
missense mutation identified. Cells based in vitro experiments
were used to test the tyrosine phosphorilation of the receptor
following ligand interaction and to check the functional
consequence on neurite fibers outgrowth in one of the NT 4
mutant.

1

Ocular Genetics & Genomics, CHUL (Université Laval
Hospital) Research Centre, 2Ophthalmology, Université Laval,
Quebec City, 3Ophthalmology, Université de Montréal,
Montréal, 4Ophthalmology, Université de Sherbrooke,
Sherbrooke, QC, 5Medical Genetics, University of Edmonton,
Edmonton, AB, Canada
Purpose: Open angle glaucoma (OAG) is a complex genetic
disease resulting from gene-gene and/or gene-environment
interactions. We studied 2 autosomal dominant FrenchCanadian glaucoma pedigrees in which ages-at-onset (AAO)
of the disorder displayed wide variability. In the CA family,
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OAG was caused by the K423E myocilin mutation. On the
other hand, in the BV kindred, glaucoma was associated with
a FOXC1 duplication at 6p25. To find evidence for modifier
genes that may account for such variability, we searched for
widely separated clusters for extreme AAO.

by ELISA and radioactive labeling was used to measure iron
uptake from transferrin.
Results: The labile iron pool was increased by treatment of
LEC with siRNA for ferritin H-chain. This treatment resulted in
a 50% reduction in HIF-1α in the nucleus. This result is similar
to earlier findings in our laboratory when excess iron was
added to the medium. LEC exposed to hypoxic conditions for
24h caused a 50-fold increase in VEGF secretion. Additionally,
in RPE cells hypoxia increased the concentration of the iron
storage protein ferritin by 127%, decreased iron uptake by
25%, and increased VEGF secretion by 164%.

Methods: Most family members, affected or not, had yearly
examinations. AAO was defined as age at which ocular
hypertension (OHT) or OAG was detected. For each
heterozygotic carriers (HTC), we calculated the median of
AAO for his/her neighborhood defined as other family carriers
who were closer, or equal, to first degree cousins. Clusters
were built for AAO under 26 or above 33 years old.

Conclusions: Iron plays a key role in regulation of HIF-1 since
even under normoxic conditions, an increase in iron levels in
the labile iron pool can influence the levels of HIF-1α in the
nucleus. Conversely, we have previously shown that iron
chelators can increase HIF-1α levels in the nucleus, again
under normoxic conditions. The results from the hypoxia
studies indicate that hypoxia can alter the labile pool of iron,
since an increase in ferritin levels, VEGF secretion and a
decrease in iron uptake are all classic indicators of an increase
in iron availability in the cytoplasm. These results clearly show
that iron is at least as important a regulator of HIF-1 as is
hypoxia.

Results: Phenotypes ranged from asymptomatic to OHT,
JOAG or POAG, with AAO varying from 5 to 75 years old. In
the CA family, out of 152 HTC, 104 were OAG or OHT with Rx
& 11 untreated. In the BV family, out of 41 duplication carriers,
30 were OAG or suspects with Rx, 2 untreated suspects & 2
had Axenfeld-Rieger anomaly. In both kindreds, other carriers
were still asymptomatic. Seven distinct clusters relative to
AAO were detected in the CA family. Three of those were
within branches of the family in which the medians for AAO of
the heterozygotes' neighborhoods were younger than 26. In
the other 4 clusters, at least half of the heterozygotes'
neighborhoods showed medians for AAO older than 33. In the
BV pedigree, 5 clusters for AAO were detected. Three clusters
had medians for AAO older than 38 whereas the other 2
clusters demonstrated medians of less than 26. Within the BV
family, AAO displayed a tendency to decrease in younger
generations.

O057
CORNEAL EPITHELIAL NUCLEAR FERRITIN: A NOVEL
FERRITOID-FERRITIN COMPLEX

Conclusion: Our clustering approach strongly suggests that
variability of AAO in the CA pedigree was caused by modifier
gene(s). In the BV kindred, although we can not exclude
anticipation, the wide variation of AAO may be accounted for
by modifier gene(s). These observations strongly support the
notion that modifier genes alter the severity of glaucoma when
the disorder is caused by primary disease-causing genes.

T. Linsenmayer, K. Beazley, M. Nurminskaya, J. Canner
Anatomy and Cellular Biology, Tufts University School of
Medicine, Boston, MA, USA
Our previous studies showed that in avian corneal epithelial
(CE) cells, ferritin is a nuclear component and that ferritin, in
this location, protects nuclear DNA from UV- and H2O2induced damage. They also showed that the nuclear
localization of ferritin involves its association with a tissuespecific nuclear transport molecule - which we termed ferritoid
for its similarities to ferritin.

Iron in Intraocular Health and Disease
O056

Recently, we obtained evidence that ferritoid is not only the
nuclear transporter for CE ferritin, but also within the nucleus it
remains co-assembled with ferritin as a stable heteropolymeric
complex. This complex has unique properties that differentiate
it from a “typical” ferritin including:

IRON REGULATED GENE EXPRESSION THROUGH
CONTROL OF HYPOXIA-INDUCIBLE FACTOR 1
C. Mcgahan, M. Lall, J. Ferrell, M. Goralska, L. Fleisher, S.
Nagar, J. Harned

(1) a molecular weight that is approximately half that of
cytoplasmic ferritin,

Molecular Biomedical Sciences, North Carolina State
University, Raleigh, NC, USA

(2) a low iron content, and

Background: Hypoxia-inducible factor-1 (HIF-1) is a key
transcriptional regulator of a cell´s protective responses to lack
of adequate oxygen supply. However, iron availability is also a
major regulator of HIF-1 activity. HIF-1 regulates the
expression of dozens of genes including vascular endothelial
growth factor (VEGF) and genes regulating iron metabolism
and storage. HIF-1 is a dimer composed of HIF-1α and HIF1β. HIF-1α levels are regulated by oxygen and iron. In the
presence of iron and sufficient oxygen, HIF-1α is targeted for
degradation. In low oxygen conditions and with low iron levels,
HIF-1α moves into the nucleus where it joins with HIF-1β to
form active HIF-1. The purpose of this study was to determine
the effects of changes in the labile iron pool on HIF-1´s levels
in the nucleus, as well as the effects of hypoxia on levels of
the iron storage protein ferritin and iron uptake into lens
epithelial (LEC) or retinal pigmented epithelial cells (RPE).

(3) the ability to bind to DNA.
These characteristics are novel for a vertebrate ferritin,
however they resemble a family of ferritin-like bacterial
proteins (the DPSs) that are synthesized during times of
environmental stress and protect DNA from oxidative damage.
The ferritoid-ferritin CE complex is present in both embryonic
and adult corneas, raising the possibility that it may serve two
protective roles - one during embryonic development to protect
the CE from ROS endogenously produced by the embryo itself
(e.g., H2O2), and the other post-hatching to protect the CE
from environmentally produced oxidative insults (e.g. U.V.
light).
We have also investigated the developmental appearance and
regulation of the ferritoid-ferritin complex. These studies show
that the regulation of ferritoid is predominantly transcriptional
and ferritin is translational. Also, ferritoid has a nuclear
localization signal (NLS); however, for the NLS to become
functional an interaction with ferritin must occur. This

Methods: Primary cultures of canine LEC and RPE were used
in these studies. HIF-1a was measured in nuclear extracts by
ELISA. VEGF and ferritin concentrations were also determined
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CHARACTERISTICS OF HFE-NULL AND HJV-NULL RPE
CELLS

conclusion comes from the observations that: (1) in both the
developing cornea, and in cultured CE cells, ferritoid is
synthesized just prior to ferritin, but nuclear translocation does
not occur until ferritin is present, and (2) at the corneal-scleral
junction, where limbal cells differentiate into CE cells, ferritoid
is synthesized prior to ferritin - but the nuclear transport of
ferritoid (and ferritin) does not occur until ferritin is also
present.

V. Ganapathy1, J. Gnanaprakasam 1, S. Smith2, P. Martin1
1

Biochemistry and Molecular Biology, 2Cellular Biology and
Anatomy, Medical College of Georgia, Augusta, GA, USA
Background and aims: Hemochromatosis is a frequent
genetic disorder characterized by excessive iron accumulation
in various organs. Loss-of-function mutations in HFE lead to
age-dependent iron overload with clinical features noticeable
at ages > 50 years. In contrast, loss-of-function mutations in
HJV lead to juvenile hemochromatosis in which iron overload
and resultant clinical features become noticeable at much
younger ages. There is very little information in the literature
on potential involvement of the retina as a susceptible organ
for iron overload in hemochromatosis. Our goal was to study
the expression of these two genes in mouse retina and
compare the characteristics of RPE cells isolated from
wildtype, Hfe-null and Hjv-null mouse retinas.

Other of our studies show that at least one mechanism
involved in regulating the association between ferritoid and
ferritin involves the phosphorylation of specific sites in ferritoid.
And lastly, still other studies show that certain of these
developmental events are temporally regulated - not within the
cornea itself but by systemic factors from the embryo, with one
factor being thyroxine.
O058
ALTERED IRON METABOLISM DURING RETINAL
DEGENERATION IN MICE

Methods: Expression of Hfe and Hjv in mouse retina was
monitored by in situ hybridization and immunohistochemistry.
Primary RPE cells were isolated from wildtype, Hfe-null and
Hjv-null mouse retinas. Growth characteristics of primary RPE
cells were studied by thymidine incorporation and colony
formation assay. Iron accumulation was studied indirectly by
examining the expression of ferritin and transferrin receptor,
and the generation of reactive oxygen species. Activity of the
amino acid transport system x-c was monitored by glutamate
uptake in the absence of Na+. Biological effects of BMPs were
studied by examining the expression of hepcidin as a read-out.

I. Chowers1, M. Lederman1, A. Obolensky1, E. Berenstein2, E.
Banin1, M. Chevion2
1

Hadassah-Hebrew University Medical Center, 2Hebrew
University-Hadassah School of Medicine, Jerusalem, Israel
Background: Oxidative injury may play a major role in retinal
and macular degeneration. Altered iron metabolism might
generate oxidative retinal injury in the context of several
degenerative processes among them age related macular
degeneration. We aim to further characterize retinal iron
metabolism during the course of retinal degeneration in mice.

Results: RPE cells express Hfe and Hjv differentially in the
apical membrane (Hjv) and the basolateral membrane (Hfe).
Hfe-null and Hjv-null RPE cells accumulate iron more than
wildtype RPE cells. The iron overload is detectable by
appropriate changes in the expression of ferritin (increase) and
transferrin receptor (decrease). Activity of x-c is increased in
Hfe-null and Hjv-null RPE cells as a consequence of enhanced
gene expression. Deletion of Hfe and Hjv leads to
hyperproliferation of the cells with evidence of decreased
senescence. BMP signaling is blunted in Hjv-null RPE cells.
Reactive oxygen species are generated at higher levels in Hfenull and Hjv-null RPE cells, and the null cells become more
susceptible to apoptosis in the presence of oxidative drugs.

Methods: Iron metabolism was characterized in rd10 mice
during the course of retinal degeneration, and the effect of
intraocular paraquat (a bipyridyl herbicide that generates
oxidative radicals) injection on iron metabolism was assessed
in rd10 and wild type mice. The effect of combined iron
chelation and zinc administration on the degenerative process
and on retinal threshold for exogenous oxidative injury was
also evaluated in rd10 mice. Finally, retinal function and
structure were characterized in hypotransferrinemic (HPX)
mice to assess the importance of retinal transferrin production
for maintenance of normal retinal function.

Conclusions: The hemochromatosis genes Hfe and Hjv are
expressed in RPE cells. Deletion of either of the genes in mice
leads to excessive iron accumulation in these cells with a
broad range of biological consequences.

Results: Altered expression levels of genes associated with
iron metabolism including transferrin, ceruloplasmin,
transferrin receptor, and ferritin was observed during the
course of retinal degeneration in rd10 mice. Total retinal iron
levels were increased during the course of the degeneration.
Intravitreal paraquat injection in wild type mice was also
associated with altered iron metabolism. Systemic treatment
with Zinc-Desferrioxamine (Zn-DFO) complex delayed the
course
of
retinal
degeneration
in
rd10
mice.
Hypotransferrinemic mice showed decreased retinal transferrin
expression, normal retinal structure, and reduced
electroretinogram amplitudes.

O060
THE RESPECTIVE ROLE OF TRANSFERRIN AND
FERRITIN IN IRON DEPENDANT RETINAL
DEGENERATION
Y. Courtois, E. Picard, F. Behar Cohen, J.C. Jeanny

Conclusions: Altered iron metabolism characterizes retinal
degeneration in rd10 mice and may potentially serve as a
therapeutic target for retinal degeneration. Such treatment
does not alter the retinal threshold for exogenous oxidative
injury. Reduced retinal transferrin production does not lead to
rapidly progressing retinal degeneration in mice, however, this
condition might be associated with altered retinal function.

Physiopathologie des Maladies Oculaires: Innovations
Thérapeutiques, INSERM -Centre de Recherches les
Cordeliers, Paris, France
Iron is known to be a main catalyst to generate free radicals
and its accumulation has been associated with aging retina, in
AMD or in retinal degenerative animal models. However the
need to match iron requirement as a cofactor for many
enzymes, including those involved in vision mechanism, is
filled by the local synthesis of various enzymes involved in iron
homeostasis. We have focused our research on the cell and
tissue localization of iron in pigmented and neural retina and
on the mechanism of its homeostasis in normal, aging or
degenerative retina.

O059
POLARIZED EXPRESSION OF THE HEMOCHROMATOSIS
GENES HFE AND HJV IN RPE CELLS AND
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These animals display unusually large and fast cone ERG bwaves and reduced light adaptation compared to wild-type
mice. This suggests that the presence of rod
phototransduction suppresses the cone response in wild-type
mice. Furthermore, the level of input of rod signal to cone
pathways in wild-types may be reduced by light adaptation.
This may participate, in part, to the growth of the cone ERG bwave in response to background light adaptation. However,
circadian rhythmicity of cone pathways was shown to be at
least partially independent of the influence of rod
phototransduction, as Gnat1-/- mice exhibit high amplitude
circadian rhythms of the cone ERG.

Transferrin (Tf) is synthesized mainly in RPEcells and
transported in photoreceptors in the adult retina. It can be also
synthesized in Muller cells. In vitro we have demonstrated that
primary cultured of Muller cells from human Tf transgenic
(hTFTg) mice are more resistant to iron toxicity than normal
Muller cells. Consequently we have illustrated the potential of
Tf for delaying retinal degeneration in Rd10 mice either by
crossing them with hTfTg mice or by ip injections of hTf in
Rd10. A similar result was obtained by injecting hTf in RCS
rats.
Ferritin is expressed also by all retinal cells. In the young and
old adult there was no difference in the retina of H ferritin
heterozygous or homozygous mice. With aging the presence
of ferritin increased with iron deposition. But half of the amount
of ferritin is enough to handle the iron age dependant increase.
However if an additional stress is provided such as high light
exposure 4 months-old heterozygous mice are much more
susceptible to retinal degeneration than homozygous ones.
This is even more pronounced in old mice. Thus a slight defect
in iron storing ferritin made the aging mice retina much more
sensitive to an additional stress.

O062
THE CIRCADIAN CLOCK IN THE MAMMALIAN RETINA
CONTROLS ROD AND CONE INPUT TO GANGLION
CELLS
S. Mangel
Department of Neuroscience, Ohio State Univ. College of
Medicine, Columbus, OH, USA

This result was extended by a study on iron homeostasis in
young mice after intense illumination. The synthesis of several
enzymes involved in iron transport and storage (transferrin,
transferrin receptor, hephaestin, ferroportin, Iron-regulatory
proteins 1 and 2, hepcidin, ceruloplasmin, and hemeoxygenase 1) is affected early and on the long term following
illumination. It may correspond to different steps including
inflammation and retinal remodeling.

Purpose: Recent work has shown that the circadian clock in
fish and rabbit retinas regulates rod and cone input to coneconnected horizontal cells by controlling rod-cone electrical
coupling, so that cone input dominates in the day and rod input
dominates at night (Wang & Mangel, 1996; Ribelayga et al.,
2004, 2008; Ribelayga & Mangel, 2010). We therefore
investigated whether the retinal clock regulates rabbit ganglion
cell (GC) light responses.

These data outline the importance of iron homeostasis in
retinal physiology and its deregulation in pathological
situations. It is possible to decrease iron excess by regulating
iron metabolism proteins or by chelating agents and thus to
delay retinal degeneration.

Methods: Following surgery under infrared illumination, GC
responses to dim light stimuli were extracellularly recorded in
superfused pigmented rabbit eyecups in the subjective day
and night. Background illumination was maintained in the low
scotopic range.
Results: Light response thresholds for ON- and OFF-transient
and sustained GCs were approximately three orders of
magnitude lower during the subjective night compared to the
subjective day. Dark-adapted GCs responded to light in the
low scotopic range at night, but in the mesopic range in the
morning. In both the subjective day and night, repetitive bright
light stimulation increased light response thresholds to a level
one order of magnitude greater than that of cells recorded
during the subjective day. In both the subjective day and night,
GC light responses exhibited a receptive field center, but not a
receptive field surround. GC spontaneous activity was lower
during the subjective night than in the day. Bath application of
dopamine D1 and D2 antagonists during the subjective day
decreased GC light response thresholds to that observed
during the subjective night. In addition, at night some GCs
exhibited spontaneous rhythmic bursting. These cells had
higher light response thresholds than non-bursting cells.
Repetitive bright light stimulation eliminated the bursting
activity by increasing the spontaneous activity to a level
greater than the peak of the bursting, so that the bursting
could not be observed.

Retinal Circadian Rhythms
O061
CIRCADIAN RHYTHMICITY IN THE MURINE ERG
M. Cameron1,2, A. Barnard3, R. Hut4, R. Lucas1
1

Faculty of Life Sciences, The University of Manchester,
Manchester, UK, 2PMRI, University of Sydney, Sydney, NSW,
Australia, 3Department of Ophthalmology, Oxford University,
Oxford, UK, 4Department of Chronobiology, University of
Groningen, Haren, The Netherlands
The retina of the mammalian eye is able to function over a
large range of light levels by employing complex adaptive and
circadian mechanisms. These allow this tissue to both adapt to
the presenting light conditions and anticipate the daily changes
in light intensity that define the solar day. Both these
mechanisms can be assessed via the electroretinogram (ERG)
which gives a representative output of the function of the entire
retina. We utilized this technique in conjunction with transgenic
mouse models to investigate mechanisms of circadian
rhythmicity in the murine retina. Our data suggest that
circadian rhythmicity is primarily a feature of bright light
responses in wild-type mice. We extended this analysis to
Cry1-/-Cry2-/- mice, which lack a molecular circadian oscillator,
to show that these animals exhibit generally normal retinal
function but lack circadian rhythmicity. Interestingly they show
constitutively enhanced responses to bright stimuli when
compared to wild-type mice, suggesting that circadian clocks
are perhaps not essential for general retinal function and that
they may modulate bright light responses by inhibition. We
further investigated this hypothesis in the functionally “rodless”
Gnat1-/- mouse, which only exhibits bright light responses.

Conclusions: These findings suggest that the circadian clock
in the rabbit retina uses dopamine D1 and D2 receptors to
regulate GC light responses so that cone input dominates
during the day and rod input dominates at night. Due to the
action of the retinal clock, dark-adapted GCs receive
substantial rod input at night, but minimal rod input during the
morning.
Support: NEI Grant EY005102 to S.C.M.

22

O063
Conclusions: The clock gene dependence of the retinal
molecular circadian clock is unique among tissues tested to
date. Whereas Per1, Cry1 and Clock are individually
dispensable for SCN rhythmicity, their deletion disrupts the
retinal clock, similar to peripheral tissue clocks. On the other
hand, Per2, which is necessary for peripheral clock function, is
dispensable for retinal clock function. These data suggest that
the retinal circadian clock may lack the compensatory coupling
mechanisms of the SCN neural clock and that it may be more
vulnerable to genetic perturbation than the central biological
clock. Supported by NEI R01 EY15815 to DGM.

DOPAMINE, GENE EXPRESSION RHYTHMS, AND
RETINAL FUNCTION
P.M. Iuvone, S.S. Chaurasia, N. Pozdeyev, R. Haque, A.
Ziesel, J. Abey, P. Wong, C.R. Jackson
Emory University School of Medicine, Atlanta, GA, USA
Dopamine is a neuromodulator in the vertebrate retina that has
been implicated circadian changes in light adaptation.
Dopamine acts directly on photoreceptor cells and inner retinal
neurons via its interaction with dopamine D4 receptors (D4Rs),
which are encoded by the Drd4 gene. Activation of D4Rs
suppresses cAMP formation in photoreceptor cells by
decreasing the activity of adenylyl cyclase type 1, which is
encoded by the Adcy1 gene. Here we report that Adcy1 and
Drd4 mRNA levels fluctuate with circadian patterns in mouse
retina. The retinal Adcy1rhythm is nearly absent in mice with
targeted deletion of the Drd4 gene (Drd4-/- mice) and is
damped in wild type mice treated chronically with a D4R
antagonist. To determine if D4Rs regulate expression of other
genes in the retina, a microarray expression analysis was
performed with Drd4-/- and wild type mouse retinas. More than
300 genes were found to be differentially expressed. Many of
these genes were also expressed in a circadian fashion in wild
type retinas and the rhythms were damped in retinas of Drd4-/mice. Optokinetic tracking (OKT) was used to assess visual
function of wild type and Drd4-/- . Daytime OKT measurements
showed no significant difference in visual acuity but greatly
diminished contrast sensitivity in mice lacking D4Rs. These
studies demonstrate that D4R's have a major role in regulating
circadian gene expression and visual function in the
mammalian retina.

Anterior Segment
O065
PRKC APOPTOSIS WT1 REGULATOR (PAWR) PROTEIN
INTERACTS WITH TRANSCRIPTION FACTORS INVOLVED
IN DEVELOPMENT OF THE EYE
M. Acharya1, T. Allison1,2, M. Walter1,3
1
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Background and aims: Axenfeld-Rieger syndrome (ARS) is
an autosomal dominant disorder of the anterior segment of the
eye associated with glaucoma. The PITX2 “homeobox”
transcription factor and FOXC1 “forkhead box” transcription
factor are critical for eye development and cause ARS.
Interaction between these two transcription factors has been
established previously from our lab, where PITX2 has been
shown to have a repressor effect on FOXC1 transcription
activation. To understand the complex regulatory network of
these transcription factors, we performed yeast two-hybrid
screening of human trabecular meshwork (HTM) cDNA library
and identified PRKC apoptosis WT1 regulator (PAWR) as a
novel PITX2-interacting protein that downregulates PITX2
activity in HTM cells. The aim of the current study is therefore
to investigate the role of PAWR in the complex regulatory
network of PITX2 and FOXC1 transcription factors to better
understand ocular development and the pathology of ARS and
associated glaucoma.

Supported by the National Eye Institute and Research to
Prevent Blindness
O064
CLOCK GENE DEPENDENCE OF MOUSE RETINAL
CIRCADIAN CLOCK
D. McMahon, G. Ruan

Methods: We identified FOXC2 as an interacting partner of
PAWR by yeast two-hybrid analysis. Mutations in FOXC2
cause
Lymphedema-distichiasis,
which
includes
developmental defects of anterior segment of the eye.
Investigation and validation of interactions between FOXC1,
PAWR, FOXC2 and PITX2 was done by in vitro Ni-pulldown
and in vivo co-immunoprecipitation assays. Promoterluciferase assays were done to determine the regulatory effect
of PAWR on both FOXC1 and FOXC2. We also initiated
investigating genetic-level interactions by using morpholinos in
zebrafish model.

Dept. of Biological Sciences, Vanderbilt University, Nashville,
TN, USA
Purpose: Mammalian circadian rhythms are generated by an
autoregulatory network of “clock genes” that are expressed in
a wide variety of tissues and cells. The effects of clock gene
deletion on clock function have been found to be tissuespecific, with the highly coupled central neural clock
(suprachiasmatic nucleus, SCN) being more resistant to
genetic disruption than peripheral tissue clocks in which there
is little evidence of cellular coupling. Here we tested the effects
of genetic deletion of canonical clock genes on the function of
the retinal biological clock in vitro.

Results: We confirmed the all possible binary interactions
between PAWR, PITX2, FOXC1 and FOXC2 by in-vitro Nipulldown assay and in vivo co-immunoprecipitation assays.
We further confirmed that the same C-terminal leucine-zipper
(LZ) domain in PAWR interacts with PITX2, FOXC1 and
FOXC2 while the inhibitory domain both in FOXC1 and
FOXC2 interacts with PAWR. Based on these results, we
hypothesize that there is a complex regulatory network
operating in the eye involving the PITX2, PAWR, FOXC1, and
FOXC2. Therefore, we have initiated a more intensive study
on assembly and interaction of these proteins by chemical
crosslinking analysis and introducing morpholinos in zebrafish
model.

Methods: Knockout mice for Per1, Per2, Per3, Cry1, Cry2,
and Clock (gifts of D. Weaver, A. Sancar, and S. Reppert)
were crossed with luciferase reporter strains and molecular
circadian rhythms were measured in retinal whole-mounts as
in Ruan et al., 2008.
Results: Retinas from Per1-/-, Cry1-/-, and Clock-/- mice were
arrhythmic or showed severely disrupted gene cycling,
whereas retinas from Per2-/-, Per3-/- and Cry2-/- mice were
robustly rhythmic. In addition, Per3 gene dosage affected the
free-running period of the retinal clock with decreasing Per3
shortening period. Cry1 gene dosage on a Cry2 KO
background also affected retinal freerunning period with
Cry1+/-Cry2-/- exhibiting a lengthened period of ca. 27 hours
compared with ca. 25 hours for Cry1+/+Cry2-/-.

Conclusion: The interactions between these four proteins
(PTX2, FOXC1, FOXC2 and PAWR) indicate a complex
regulatory control mechanism. Understanding this regulatory
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mechanism would be important since three out of these four
proteins (PITX2, FOXC1 and FOXC2) are involved in ocular
development and directly associated with eye diseases.

variability in the proportion of apoptotic endothelial cells in
FECD.
Methods: Corneal endothelial cell-Descemet's membrane
(HCEC-DM) complexes were dissected from the stroma of
FECD and pseudophakic bullous keratopathy (PBK) surgical
specimens and normal donors. Tissues were fixed and stained
with anti-8-hydroxydeoxyguanosine (8-OHdG, oxidative DNA
damage marker), TUNEL (apoptotic marker), and TOPRO-3
(nuclear stain). Serial images were taken from each specimen
using confocal microscopy. Cellular counts and densitometry
were performed with ImageJ software (NIH). Four specimens
from each group were analyzed.

O067
THE LIPID COMPOSITION OF THE HUMAN LENS
NUCLEUS ALTERS SUBSTANTIALLY WITH AGE
J.R. Nealon1, J.M. Deeley1, T.W. Mitchell2, S.J. Blanksby1, F.
Leisch3, R.J. Truscott4
1
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Results: Cell density was significantly lower in FECD
(359±43; p=0.00006) and PBK (417±93; p=0.0004) compared
to normal (923±134) samples. The proportion of apoptotic cells
was significantly higher in FECD (26%±9%; p=0.04) than in
PBK (8%±3%) and normal (3%±1%) samples. Integrated
intensity of 8-OHdG per image was significantly higher
(p=0.01) in FECD (417±93 pixel/image) than PBK (2±0
pixel/image) and normal (13±5 pixel/image) corneal
endothelium. Confocal images of HCEC-DM specimens from
FECD patients revealed co-localization of 8-OHdG and
TUNEL staining, which was not observed in PBK and normal
endothelial cells (Fig. 1). Further analysis of confocal images
of FECD specimens revealed that CEC surrounding guttae
have higher apoptotic rate than other CEC (49%±9% and
20%±5%, respectively, p=0.023).

Background and aims: While changes to the human lens
lipidome with age have been reported previously, there has
not been a complete analysis of phospholipid and ceramides
in individual lenses with age. Most studies involved the pooling
of whole human lenses. As the nucleus is the lens which is
present at birth, it is necessary for such a region to be
analysed to provide an accurate comparison of age-related
changes to the lens lipidome. Therefore the aim of the current
study was to analyse phospholipid and ceramide changes to
individual human lens nuclear regions with age using highly
sensitive analytical tools.
Methods: 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. Lipids were extracted using standard
procedures, and lipid classes were analysed by electrospray
ionisation tandem mass spectrometry.
Results: The lipid composition of the lens nucleus changes
dramatically with age. Glycerophospholipids rapidly decline in
amount such that by age 40 their content becomes negligible.
In marked contrast the level of ceramides and
dihydroceramides, which were undetectable prior to age 20,
increase massively to reach levels of approximately 500
nmol.g-1 and 1200 nmol.g-1 respectively. Sphingomyelin and
dihydrosphingomyelin levels remain unchanged over the
whole life span.
Conclusions: Dramatic changes in the membrane profile of
the human lens nucleus with age may have implications for the
integrity of integral membrane proteins and protein-membrane
interactions [1]. Such changes correlate with macroscopic
alterations to the lens such as presbyopia.

[Fig. 1 Oxidative DNA damage and Apoptosis in FECD.]

[Supported by NHMRC grant #464866; JRN is the recipient of
an APA scholarship; RJWT is a NHMRC fellow.]
1. Gonen T., et al., Nature, 2005, 438 (7068): p. 633-638.

Conclusions: Higher apoptotic rate and oxidative DNA
damage were present in FECD CEC compared to PBK and
normal specimens. In FECD, CEC surrounding guttae have
higher apoptotic rate than other cells. These findings suggest
that oxidative stress is potentially a major cause of endothelial
cell apoptosis in FECD.

O068
COLOCALIZATION OF OXIDATIVE DNA DAMAGE AND
APOPTOSIS IN FUCHS ENDOTHELIAL CORNEAL
DYSTROPHY

O069
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PERIAXIN, A MYELIN SHEATH STABILIZING PROTEIN,
AND ITS ROLE IN LENS FIBER CELL CORTICAL
ADHERENS ARCHITECTURE

Purpose: Apoptosis plays a significant role in endothelial cell
death in Fuchs endothelial corneal dystrophy (FECD). The
purpose of this study was to determine if oxidative stressinduced damage colocalizes with apoptosis in FECD-affected
corneal endothelial cells (CEC) and to determine regional

R. Maddala1, D. Sherman2, P. Brophy2, V. Rao1
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Results: The deletion of Spry in the lens led to ASC formation,
with posterior lens capsule thinning and lens rupture. Prior to
ASC formation, there was increased activation of TGFβ
signaling (increased labeling of pSmad2 and Snail) in lens
epithelia of Spry-deficient lenses compared to WT lenses.
Elevated levels of Spry in TGFβ1-overexpressing lenses were
sufficient to suppress TGFβ-signaling and hence block
cataract formation.

To understand the regulation of cell adhesive/cytoskeletal
complexes of lens fiber cells and their importance in
maintaining the prismoid cell shape and fiber cell packing, our
studies focused on characterization of the EPPD (ezrin,
periplakin, periaxin and desmoyokin) cell adhesive complexes.
Unlike other EPPD complex proteins, immunofluorescence
analysis of embryonic and adult mouse eyes revealed
preferential expression of periaxin in the lens tissue starting
from embryonic day 10.5, together with its robust induction in
the differentiating fiber cells. Further, Periaxin protein levels
were found to be increased with lens maturation, distributing to
the lens fiber cell membrane, and colocalizing with actin, βcatenin and ezrin. Analysis of periaxin interacting proteins in
lens, revealed expression of Dystrophin-related protein-2
(DRP2), a known periaxin interacting protein, and microtubuleassociated serine/threonine kinase. Additionally, the
distribution pattern of periaxin in the differentiating lens was
fond to be similar to that of Aquaporin 0. While periaxin
knockout postnatal lenses (P24) showed, no obvious
abnormality in the outer cortical fiber cell organization and
adhesive interactions, the inner cortical lens fibers, exhibited
disruption of prismoid cell shape and mislocalization of
aquaporin 0. These data uncover a preferential expression of
periaxin, the myelinating Schwann cell specific PDZ domain
protein in differentiating lens fibers and importantly, imply that
periaxin expression is crucial for lens fiber cell membrane
architecture, adhesive interactions and packing.(Supported by
NIH grant EY12201).

Conclusions: The development of ASC in Spry-deficient
lenses suggests that Spry may have a protective role,
maintaining the integrity of the normal lens epithelium. This is
supported by the ability of Spry to block ASC formation in
TGFβ1 overexpressing lenses. This study provides the first
evidence of the ability of Spry to negatively regulate TGFβ
signaling. Overall, Spry proteins in the lens appear to be
important for negatively regulating signaling pathways required
for the maintenance of the normal lens epithelium, and may
thus serve as putative therapeutic agents for the prevention of
EMT, hence cataract, in situ.

New Insights into ARMD Pathogenesis
from Pathologic Assessment of Human
Cells and Tissues
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DEATH OF CHORIOCAPILLARIS IN A TOXIC MILIEU
G. Lutty, I. Bhutto, D. McLeod

O070

Wilmer Ophthalmological Institute, Johns Hopkins School of
Medicine, Baltimore, MD, USA

NEGATIVE REGULATION OF TGFΒ-INDUCED
CATARACTOGENESIS
1

1

2

3

Background and aim: The choriocapillaris (CC) is a
fenestrated and lobular vasculature similar to kidney glomeruli.
CC is critical for the survival and health of photoreceptors and
retinal pigment epithelial (RPE) cells. This study investigates
the viability of this capillary system and how its milieu changes
in AMD.
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E.H. Shin , S. Jee , M.L. Robinson , M.A. Basson , G. Martin ,
J.W. McAvoy1,5, F.J. Lovicu1,5
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3
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London, London, UK, 4Department of Anatomy, University of
California San Francisco, San Francisco, CA, USA, 5The
Vision Cooperative Research Centre, University of New South
Wales, Sydney, NSW, Australia

Methods: We have developed a histochemical technique that
permits us to map and quantify viable RPE and viable CC in
human postmortem specimens and study the relationship
between RPE and CC atrophy (McLeod et al, Invest
Ophthalmol.
Vis.
Sci.
43:1986,
2002).
APase
immunohistochemistry was used to determine the localization
and levels of serum and pro-atherotic proteins.

Background and aims: Different forms of human cataract,
including anterior subcapsular cataract (ASC), are
characterized by aberrant cell behavior, leading to an
epithelial-to-mesenchymal transition (EMT). Transforming
growth factor β (TGF-β) can induce this EMT, disrupting the
lens epithelium, resulting in cataract. The maintenance of
normal cellular processes in the lens and hence its
transparency, is achieved by numerous growth factors and
their respective receptor-mediated signaling pathways.
Members of the Sprouty (Spry) family are negative regulators
of such pathways. We have shown Spry to be expressed in
the lens, and its deletion results in ASC formation. The primary
aim of this study was to determine the molecular mechanisms
leading to ASC formation in the absence of Spry and whether
Spry can negatively regulate TGFβ-induced EMT, and
subsequent cataract formation.

Results: In geographic atrophy (GA), a form of dry or
nonexudative AMD, RPE atrophy appears to occur in advance
of CC changes in that areas of CC appear normal where RPE
remain. Surviving CC in areas with complete RPE atrophy is
highly constricted and lacks fenestrations. This may be due to
a reduction in neuronal and endothelial nitric oxide synthases
that we have observed in AMD.
In wet or exudative AMD cases, CC dropout was found in
regions without any morphological changes in the RPE. In
some cases which had large active CNV formations, CC was
lost in advance on the forming CNV in areas with a complete
RPE monolayer.
The reason for CC death in dry AMD is likely a result of
decreased VEGF bioavailability from RPE. We see loss of CC
fenestrations, also dependant on VEGF, as RPE atrophy
progresses. The reason for wet AMD CC loss may be
accumulation of toxic, pro-inflammatory, and pro-atherotic
materials in the perivascular milieu. Being a fenestrated
vasculature, serum constituents can escape the lumenal
environment and diffuse into choroidal stroma. With age we
see a significant accumulation of serum components like

Methods: Mice conditionally deficient for Spry in the eye, or
lens, were generated using the established LeCre or MLR10
transgenic Cre-lines, respectively. Mice overexpressing
TGFβ1 in the lens were also used for breeding in this study.
Lenses from all mice were compared to wild-type (WT) tissues
using a range of histochemical and immunolabeling
techniques, including labeling for pSmad and Snail, two
downstream effectors of TGFβ signaling.
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serum albumin, alpha-2-macroglubin, LRP-1, CRP, and
lipoprotein A. The intercapillary pillars or septa between CC
lumen appear to be an area laden with these serum proteins
as well as deposition of advanced glycosylation end products
(AGEs).

polarity may have wide implications for many important RPE
functions including complement regulatory activity and
monocarboxylate ion transport.
2) RPE changes, assessed by basal deposits, precede those
in photoreceptor layer.

Conclusions:
CC degeneration and death occurs in GA as well as wet AMD.
In GA, RPE atrophy occurs first followed by attenuation of the
CC and vasoconstriction of surviving capillary segments.
CC death occurs in eyes with wet AMD in the absence of RPE
atrophy, suggesting a vascular etiology for wet AMD.

3) High AF at GA borders is not reliably attributable to
increased lipofuscin within individual cells, casting doubt on
lipofuscin's cytotoxicity in vivo.

CC death may be attributed to the accumulation of reactive,
toxic proteins in intercapillary septa and stroma.

4) Continued improvement of clinical imaging will allow
eventual microscopic visualization of chorioretinal pathology in
ARMD, assessment of which may be assisted by our grading
system.
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THE ARMD TIMELINE AS REVEALED AT THE
GEOGRAPHIC ATROPHY (GA) TRANSITION ZONE

AMD AND THE OTHER DOUBLE HELIX
J. Ambati

C. Curcio1, S. Vogt1, M. Rudolf2, L. Wang1, N. Philp3, G.
Mcgwin1, R. Read1

University of Kentucky, Lexington, KY, USA
Age-related macular degeneration affects tens of millions of
individuals worldwide. Choroidal neovascularization (CNV) is
responsible for the bulk of vision loss due to AMD. Most of the
short-interfering RNA (siRNA) therapeutics have been tested
in clinical trials in patients with CNV have been discontinued.
We show that siRNAs suppress a mouse model of CNV in a
generic fashion via the immune receptor TLR3 regardless of
gene Age-related macular degeneration affects tens of millions
of individuals worldwide. Choroidal neovascularization (CNV)
is responsible for the bulk of vision loss due to AMD. Most of
the short-interfering RNA (siRNA) therapeutics have been
tested in clinical trials in patients with CNV have been
discontinued. We show that siRNAs suppress a mouse model
of CNV in a generic fashion via the immune receptor TLR3
regardless of gene target. We also show that siRNAs
generically cause retinal degeneration via TLR3. We also
explore the function of TLR3 in geographic atrophy, the other
advanced form of AMD.
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3
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Context: The transition between normal and atrophic retinal
pigment epithelium (RPE) can illuminate temporal
relationships between declining health of self-aligned layers of
RPE, photoreceptors, and Bruch's membrane (BrM).
Peripheral expansion of this region, funduscopically apparent
via RPE lipofuscin autofluorescence (AF), is an anatomical
endpoint in clinical trials of GA treatments. We assessed
chorioretinal health, expression of basolateral RPE proteins
(complement regulator CD46 and transporter MCT3), and AF,
as a function of RPE morphology.
Methods: In normal and GA eyes, 10 µm macular
cryosections were stained with periodic acid Schiff's
hematoxylin or von Kossa (calcification). Others were
processed for CD46 and MCT3 immunoreactivity using a
colorimetric detection system. In each eye, 3 complete section
sets through GA atrophy were analyzed in RPE morphology
zones: 0/1 = uniform/ non-uniform morphology and
pigmentation; 2A = heaped RPE; 2B = RPE posterior
migration into basal deposits; 2L = RPE leaflets; 3 = RPE
migration into retina; 4/5 = loss of pigmentation with/ without
persisting basal deposits. Within zones, parameters were
assigned semi-quantitative descriptors. The sum of AF
intensity along lines perpendicular to BrM, measured with laser
confocal microscopy, served as a surrogate for fundus AF.
Significance was evaluated with repeated measures ANOVA
and generalized estimating equations.
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MITOCHONDRIAL DAMAGE: A POTENTIAL MECHANISM
IN AMD
D. Ferrington1, P. Karunadharma1, C. Nordgaard1, T. Olsen2
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Background and aims: Increasing evidence suggests a
central role for mitochondrial dysfunction in Age related
Macular Degeneration (AMD). Our previous proteomic data of
the retinal pigment epithelium (RPE) revealed significant
changes to mitochondrial proteins, suggesting potential
functional defects and damage to mitochondrial DNA (mtDNA)
with AMD progression (Nordgaard et al., 2008). Since age is a
strong risk factor for AMD, the current work evaluated the
extent of mtDNA damage in human RPE with both aging and
AMD progression.

Results: In GA eyes,
1) Basal deposits were present at RPE grade ≥1, and
photoreceptor outer segments were significantly shortened at
grade ≥2A. BrM calcification was unrelated to grade.
2) Staining intensity and basolateral localization of both CD46
and MCT3 diminished with the progression of RPE alteration
across GA lesions, beginning at grade 1.

Methods: Genomic DNA was isolated from the macular region
of human donor RPE graded for stages of AMD using the
Minnesota Grading System (MGS 1-4) for donor eyes. We
evaluated region-specific mtDNA damage with normal aging in
45 control subjects (34-88 yrs, MGS 1) and AMD-associated
damage in disease subjects compared to age-matched
controls (n = 72). Lesions per 10kb in the mtDNA and nuclear
DNA were measured using long extension polymerase chain
reaction (LX PCR). The level of deleted mtDNA in each donor
was measured using quantitative real-time PCR (qPCR).

3) AF sum intensity was both highest and most variable in
grades 2A,B, and L. Sharp increases in AF sum intensity in
grades 2-3, near atrophy, were frequently due to vertical
superimposition of orthotopic and ectopic RPE.
Conclusions:
1) Loss of polarized protein expression in RPE occurs at a
relatively mild stage of morphological change. Early loss of
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Results: With aging, an increase in mtDNA damage was only
observed in the 'common deletion' region of the mitochondrial
genome. In contrast, with AMD, mtDNA lesions increased

RETINAL VASCULATURE DEVELOPS NORMALLY
WITHOUT ASTROCYTE TEMPLATE GUIDANCE IN ALPHACRYSTALLIN KNOCKOUT MICE

significantly in all regions of the mitochondrial (mt) genome
beyond levels found in age matched

I. Bhutto1, T. Baba1, M. Edwards1, C. Merges1, R. Grebe1,
D.S. McLeod1, E.F. Wawrousek2, G.A. Lutty1

controls. Mitochondrial DNA was more susceptible to lesions
as compared to two nuclear genes, with total damage of the
mt genome estimated to be 7-fold higher.

1

Ophthalmology, Wilmer Eye Institute/Johns Hopkins
University, Baltimore, 2National Eye Institute, NIH, Bethesda,
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Conclusions: Collectively our data indicates that mtDNA is
preferentially damaged with AMD progression. These results
suggest a potential link between mt dysfunction due to
increased mtDNA lesions and AMD pathology. Thus,
protecting mtDNA integrity via therapeutics targeted to the
mitochondria early in AMD could help ameliorate vision loss
from AMD.

Background and aims: The crystallins are small heat shock,
water-soluble structural proteins predominantly made in
vertebrate ocular lens. They may have several metabolic and
regulatory functions as well, both within the lens and in other
parts of the body. Recently, αB-crystallin (CryαB) was reported
to regulate glial fibrillary acidic protein (GFAP) assembly in
astrocytes and is associated to astrocyte maturation. In rodent
retina, there is evidence that astrocytes play a crucial role in
controlling angiogenesis and vascular differentiation. During
retinal development they provide a template for growing
vessels and produce vascular endothelial growth factor
(VEGF). In the present study we evaluate astrocytes and
retinal
blood
vessel
development
in
neonatal
CryαA/CryαB/heat shock protein-b2 knockout (α-cry -/-) mice.
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DNA DAMAGE AND REPAR IN AGE-RELATED MACULAR
DEGENERATION
J. Blasiak1, J.P. Szaflik2, K. Janik-Papis1, E. Synowiec1, M.
Zaras2, J. Szaflik2

Methods: α-Cry -/- mice (n= 8, from P3 to P35) and wild-type
(WT) controls (129S6/SvEvTac, n= 8, P3) were used under the
ARVO statement for the use of animals in ophthalmic and
vision research. Flatmount retinas labeled with Isolectin B4, as
a vascular marker, and GFAP, as an astrocyte marker, were
examined by confocal microscopy. Rabbit anti-human Pax2
antibody was used to label astrocytes precursors.
Morphometric analysis was performed to measure the
distance from optic nerve head to the peripheral edge of
Isolectin-labeled vasculature and GFAP-positive astrocytes
and the number of vascular branches and filopodia of
endothelial tip cells.
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Clinically relevant AMD results from damage to the retinal
pigment epithelial (RPE) cells thought to be mainly caused by
oxidative stress. The stress also affects the DNA of RPE cells,
which promotes genome instability in these cells. These
effects may coincide with the decrease in the efficacy of DNA
repair with age. Therefore individuals with DNA repair impaired
more than average for a given age may be more susceptible to
AMD if oxidative stress affects their RPE cells. This may be
helpful in AMD risk assessment. In the present work we
determined the level of basal (total endogenous) and
endogenous oxidative DNA damage, the susceptibility to
exogenous mutagens and the efficacy of DNA repair in
lymphocytes of 100 AMD patients and 110 age-matched
individuals without visual disturbances. The cells taken from
AMD patients displayed a higher extent of total endogenous
DNA damage, as evaluated by alkaline comet assay. There
were no differences between patients of dry and wet forms of
the disease. DNA double-strand breaks did not contribute to
the observed DNA damage as checked by the neutral comet
assay. The extent of oxidative modification to DNA bases was
grater in AMD patients than in the controls, as probed by DNA
repair enzymes NTH1 and Fpg. Lymphocytes from AMD
patients displayed a higher sensitivity to hydrogen peroxide
and UV radiation and repaired lesions induced by these
factors less effectively than the cells from the control
individuals. On the basis of the results obtained, we postulate
that the efficacy of DNA repair, which is impaired above
average for a particular age may combine with enhanced
sensitivity of RPE cells to blue and UV light, contributing to the
pathogenesis of AMD.

Results: GFAP-labeled astrocytes were observed in advance
of endothelial cells in 98% of the measurements in WT retinas
and 56% of those in α-cry -/- retina. There was a significant
difference in the distance from the optic nerve head to
vascular or astrocyte front in α-cry -/- mice compared to WT
(P< 0.0001). In 44% of measurements in α-cry -/- retina, blood
vessels were 74.8 +/- 45.1 um in advance of GFAP-labeled
astrocytes. The number of vascular branches and endothelial
cell filopodia were not different between WT and α-cry -/- (P=
0.358, 0.683). There was no significant difference in Pax2
positive astrocytes precursors between WT and α-cry -/-. In αcry -/- retina, the vascular network had reached the ora serrata
by around P7 and the vascular pattern was normal at P7, P14
and P35.
Conclusions: There was a delay in formation of astrocyte
template in α-cry -/- mice. However, the development of
peripheral vasculature in α-cry -/- mice was similar to WT,
suggesting a mature astrocyte template that guides
vasculogenesis in developing retina is not necessary for
development of primary retinal vasculature.

This work was supported by the grant number N N402 248336
from Ministry of Science and Higher Education.
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APOPTOTIC FACTORS MODULATE RETINAL
NEOVASCULARIZATION AND REGRESSION IN THE
DEVELOPING MOUSE RETINA

Retinal Vascular Development and
Retinopathy of Prematurity

M. Powers1, M. Davies1, A. Stempel1, K. Hubert2, G. Thomas3,
Retinal Cell Biology
1
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Aims: Our laboratory has demonstrated the importance of the
extrinsic pathway of apoptosis in regulating retinal
neovascularization (NV) during oxygen-induced retinopathy
(OIR) via death ligands, FasL and TRAIL. The current study
investigates the intrinsic pathway of apoptosis, using PACS-2-/(a Bid regulatory molecule) and Bim-/- mice.

(ROP model). Retinas from pups in the ROP model and RA
were collected at several post-natal day ages (p) for analyses
of mRNAs of VEGF splice variants, VEGFR1, and VEGFR2
using real-time polymerase chain reaction (PCR) or of VEGF
protein by ELISA. The factors, time point in development, and
effect of ROP model vs. RA were analyzed by ANOVA testing.

Methods: PACS-2-/-, Bim-/-, and wild-type (WT) mice were
exposed to 75% oxygen from postnatal day (P)7 to P12 and
recovered in normoxia. PACS-2 and Bim expression was
evaluated via RT-PCR or western blot. Vascular development
was assessed at P5, P7 and P12 in retinal whole-mounts,
while retinal vaso-obliteration was quantified at P8 and P12.
NV was evaluated from H&E cross-sections by counting preretinal vascular tuft nuclei on P17, P21, and P24. Retinal
vascularization was analyzed in PACS-2-/- and WT mice on
P12, P17 and P21, while Bim -/- retinas were analyzed on P12,
P13, P15 and P17. Antibodies specific for macrophages,
endothelial cells and apoptosis were used to evaluate disease
pathology.

Results:
Older developmental age was associated with increased
expression of VEGFR1, VEGFR2, VEGF164 (all P< .0001),
VEGF120 (P=.0006), and VEGF188 mRNA (P=.0256) by
ANOVA. Only VEGFR2 and VEGF164 mRNAs were
associated with exposure to the ROP model compared to RA
(P=.0247 and P< .0001, respectively).
VEGF protein was associated with older developmental age or
exposure to the ROP model (both P< .0001) and, with posthoc testing, was significantly greater at p14 (P< 0.0001) when
30% avascular retina existed in the ROP model compared to
RA in which no avascular retina existed, and at p18 when
intravitreous neovascularization existed in the model (P<
.0001).

Results: PACS-2 and Bim expression was confirmed in WT
retinas at all time points. Retinal vascular development was
normal in PACS-2-/- and Bim-/- mice. At P12, 45.91±1.06% of
the retina was avascular in PACS-2-/- mice compared to
32.53±1.14% in WT mice (p< 0.0001; n=6-8), while in Bim-/mice only 9.7±0.4% of the retina was avascular (p< 0.0001;
n=5-6). At P17, no difference in NV was appreciated between
PACS-2-/- and WT mice. However, at P21, PACS-2-/- mice had
30.77±7.23 neovascular nuclei per section compared to
9.83±2.52 in WT mice (p=0.0087; n=8-10). At P24, PACS-2-/mice had 21.15 ± 5.59 preretinal neovascular nuclei compared
to 3.09 ± 0.82 in controls (p=0.0002, n=6-10). In contrast, Bim/mice had 9.23±1.22 neovascular nuclei per section on P17
(p=0.0001; n=8 eyes) and 5.13± 0.40 on P21 (p=0.179; n=6
eyes). Similar to controls, macrophages were associated with
the neovascular tufts in Bim-/- mice.

Conclusions: VEGF splice variant and receptor mRNAs and
VEGF protein were increased in association with older
developmental age. Using a rat model that reflects oxygen
stresses in current regulated and monitored oxygen
environments, VEGF164 and VEGFR2 mRNA expression and
VEGF protein were increased in association with the ROP
model compared to RA. VEGF protein was significantly
increased at time points when not only intravitreous
neovascularization was present, but also when avascular
retina existed in the ROP model, but not in RA. These findings
differ from the biphasic hypothesis that describes ROP prior to
oxygen regulation and monitoring and suggests that VEGF
upregulation is associated with and may play a role in both
avascular retina and intravitreous neovascularization in some
forms of severe ROP.

Conclusions: The vaso-obliterative and neovascular phases
of OIR are altered in PACS-2-/- and Bim-/- mice. Delayed
regression of NV seen on P21 and P24 in PACS-2-/- mice
provides additional evidence that proapoptotic TRAIL aides in
the control of retinal NV. The reduced vaso-obliteration and
NV in Bim-/- mice strongly suggests that this pro-apoptotic
factor is likely induced during the hyperoxia phase,
contributing to endothelial cell death. These results
demonstrate the critical role apoptosis plays in the
development of pathologic NV and regression.
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THE NEUROVASCULAR RETINA IN RETINOPATHY OF
PREMATURITY (ROP)
A. Fulton, R. Hansen, J. Akula, A. Moskowitz
Ophthalmology, Children's Hospital Boston, Boston, MA, USA
Aims: In infants, ROP is an active disease at preterm ages
when both the neural retina and the retinal vasculature are
immature. The onset of ROP occurs when rod outer segment
length and rhodopsin content of the retina are increasing
rapidly, and the central retina, including parafoveal rods, is
quite immature. The rat model of ROP, oxygen induced
retinopathy (OIR), is created by controlled oxygen exposure of
infant rats at ages when the photoreceptors, neural retina, and
retinal vasculature are immature. Previous work showing that
key parameters of retinal function, vascular morphology, eye
growth and refractive development are similarly affected in
ROP and rat OIR facilitates our aim to transfer information
between animal model and patients, and develop and test
hypotheses about the role of neural and vascular elements in
ROP disease processes.
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INCREASED RETINAL VEGF IN ASSOCIATION WITH
AVASCULAR RETINA AND INTRAVITREOUS
NEOVASCULARIZATION IN A RAT MODEL OF ROP
M.E. Hartnett1, S. Budd2, H. Thompson3
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Background and aims:
In industrialized countries today, high oxygen at birth is less
commonly encountered as a risk factor for retinopathy of
prematurity (ROP) than are fluctuations in oxygen or other
factors. We studied the effects of oxygen fluctuations on the
regulation of angiogenic factor, vascular endothelial growth
factor (VEGF), VEGF receptor 1(R1) and VEGFR2 during
development in a relevant model of ROP.

Methods: We have used non-invasive assessments (including
image analysis of the retinal cells and vasculature and
electrophysiological and psychophysical studies of function of
the neural retina) to test hypotheses about the role of the
photoreceptors, the post-receptor retina and retinal
vasculature in the ROP disease processes. The non-invasive
studies are backed up by anatomic and molecular
investigations of rat OIR.

Methods:
Litters of newborn Sprague-Dawley rat pups were raised in
room air (RA) or placed into a regulated oxygen environment
that cycled between 50% and 10% inspired oxygen every 24
hours for 14 days, followed by exposure to room air for 4 days

Results: In ROP children, photoreceptor and post receptor
dysfunction persist long after the active disease has resolved.
In some of those with ROP that was so severe as to require
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laser treatment of the peripheral avascular retina, further
compromise of retinal function occurs after many, many
turnovers of the rod outer segments and many years after the
active disease in those early preterm weeks. In OIR, early rod
photoreceptor dysfunction predicts retinal vascular abnormality
at older ages. The post receptor retina re-organizes during the
ages that the OIR resolves. Throughout this evolution and
resolution of the active disease, as documented by the noninvasive measures, growth factors share in the cooperative
control of the fate of neural and vascular elements.

leakage under various pathological conditions may need to be
reevaluated. Therefore, our study may have significant
implications to the mechanism, diagnosis, and therapeutics of
retinopathy of prematurity, uveitis, macular edema, and
diabetic retinopathy.

Lens Evolution/Non-Mammalian Models
O081

Conclusions: The neural retina has a critical role in the
evolution and resolution of OIR and ROP. The ROP and OIR
data suggest that both photoreceptors and post receptor retina
are targets for new therapeutic interventions. Efficacy will likely
depend critically on the timing of the intervention.

LENS-LIKE STRUCTURE IN BOX JELLYFISH
A. Garm
Department of Biology, University of Copenhagen,
Copenhagen, Denmark
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In most eyes the presence of a lens indicates acute vision with
focused images and here the function of the lens is primarily to
focus the light on the retina. This is typically seen in the
camera type eyes of vertebrates, arthropods, and mollusks.
Lens-like structures in eyes may have other functions, though,
which could represent important steps in lens evolution. Box
jellyfish have astonishing visual equipment including 24 eyes
of four morphologically different types: the pit eyes, the slit
eyes, and the upper and lower lens eyes. As the names imply
both lens eyes hold lens-like structures and these eyes are
structurally similar to camera type eyes. In some species these
lenses are spherical and have graded refractive indices and
create close to aberration-free images. Interestingly, the
focused image falls far behind the retina. In other species the
lens-like structures has no focusing power at all. In stead of
ensuring acute vision the lens-like structures in the box
jellyfish lens eyes function as information filters and possibly to
up hold the shape of the eye. The small slit eyes also possess
a lens-like structure in some species of box jellyfish. It is a very
complex structure which again has almost no optical power
and may serve only as a spectral filter. The functions found for
the lens-like structures in box jellyfish may represent some of
the earliest steps in lens evolution before acute vision evolved
and before the presence of a nervous system capable of
processing large amount of visual information.

VISUALIZING OUTER BLOOD-RETINA BARRIER
BREAKDOWN UNDER PATHOLOGICAL CONDITIONS
Y.-Z. Le1,2, H. Xu3,4
1
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City, OK, USA, 4Ophthalmology, Xiangya Hospital of Central
South University, Changsha, China
Background and aims: Outer blood-retina barrier (BRB) is a
major BRB and responsible for approximately 80% of blood
circulation in the retina. Although BRB breakdown is a major
pathological change in a number of ocular vascular diseases,
surprisingly little is known about the pathophysiology of outer
BRB. To determine the contribution of outer BRB breakdown
in overall vascular leakage under pathological conditions, we
developed a fluorescent microscopic imaging assay for
visualization and quantification of outer BRB breakdown. To
investigate the mechanism of pathological outer BRB
breakdown, we disrupted vascular endothelial growth factor
(VEGF) in the mouse retinal pigment epithelium (RPE) and
investigated outer BRB-specific leakage in the conditional
VEGF KO mice under ischemic and uveitic conditions using
the newly established imaging assay.

O082
RECRUITMENT OF INVERTEBRATE CRYSTALLINS: AN
INSIGHT FROM JELLYFISH AND SCALLOP

Methods: Ischemia and uveitis were induced with an oxygeninduced retinopathy (OIR) and endotoxin-induced uveitis
(EIU), respectively. The alteration of outer BRB was examined
by immunohistochemistry for tight-junction protein occludin.
The outer BRB-specific leakage was visualized and quantified
by microscopic imaging after intravenous injection of
fluorescently labeled macromolecules in mice.

Z. Kozmik
Institute of Molecular Genetics, Praha, Czech Republic
Lens-containing eye represents a significant improvement of a
simple eye composed of just photoreceptor cells and pigment
cells. It is apparent that such an upgrade of animal visual
system has originated numerous times during evolution. Both
in vertebrates and in invertebrates structurally diverse proteins
were recruited as crystallins that are responsible for optical
properties of the cellular lens. It follows that co-option of
appropriate gene regulatory elements that are necessary for
high level lens-preferred crystallin expression was a key event
in crystallin gene recruitment. Despite obvious anatomical,
developmental and organizational differences between
vertebrate and invertebrate eyes, genetic studies have
indicated that a homologous gene, Pax, directs development
in both animal branches. Available data in jellyfish and scallop
suggest that, in addition to having an ancient role in
prototypical eye formation, Pax transcription factors were
convergently recruited for regulation of diverse lens crystallins.

Results: With our newly established imaging assay,
macromolecules leaked specifically through the outer BRB
were visualized and measured in OIR-treated mice. In
ischemic conditional VEGF KO mice, outer BRB-specific
breakpoints and macromolecule leakage were significantly
reduced. EIU-treated conditional VEGF KO mice exhibited a
significant reduction in the size of retinal detachments and the
amount of outer BRB-specific leakage. These pathological
changes were correlated with alternation of tight junctions in
the conditional VEGF KO mice.
Conclusions: For the first time, the breakdown of outer BRB
in ischemic mice can be visualized and quantified with our
newly established fluorescent microscopic assay. Our results
suggest that the breakdown of outer BRB contributes to overall
blood-content leakage under ischemic condition and exudative
retinal detachment under uveitic condition. As the clearance of
outer BRB-specific leakage is usually achieved through the
vitreous in a dynamic fashion, the current view of vascular
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CEPHALOPOD S-CRYSTALLINS, DEEP EVOLUTIONARY
TIME, AND THE ORIGIN OF GRADED INDEX LENSES

the cichlid fish Aequidens pulcher. Intraocular dopamine
produced by the retina seems to play a major role in this
regulation and acts via receptors of the D1 family in the lens.

A. Sweeney1, M. Matz2, S. Johnsen3

Vertebrate color vision and multifocal lenses evolved for more
than 500 million years ago. The long- and short-term
regulatory mechanisms that we have observed in fishes may
be shared by many vertebrates and may have played a role in
rapid evolutionary changes of vertebrate color vision.
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Our previous work showed that positive selection on surface
charge and thermodynamic stability in Loligo opalescens lens
proteins contributed to the evolution of low refractive index
regions in the exterior of the squid´s lens. We have
subsequently investigated S-crystallin evolution and lens
acuity in a broad swathe of cephalopod diversity. The
biophysical innovations we discovered in L. opalescens
appear to be an evolutionary novelty in decapod squid not
found in octopuses. Octopuses lack the proteins responsible
for graded refractive index found in squids, and accordingly,
have much denser, less acute spherical lenses, like those
found in rodents. Unexpectedly, Vampyroteuthis infernalis,
with an enigmatic phylogenetic position, has a highly acute
lens which surpasses any other cephalopod studied and rivals
the optical ability of humans. Generally, evolutionary novelty in
S-crystallins appears directly tied to organ-level novelty and
lens optical function. The novel biophysical and material
system in cephalopod lenses has inspired intriguing
possibilities for using polymers to build self-assembling,
graded index lenses.

O085
THE ZEBRAFISH LENS AND BEYOND: USING
COMPARATIVE BIOLOGY TO UNDERSTAND ALPHA
CRYSTALLIN FUNCTION AND EVOLUTION
M. Posner
Biology, Ashland University, Ashland, OH, USA
Vertebrate alpha crystallins are small heat shock proteins
(sHSPs) that help maintain lens homeostasis and
transparency. They are also expressed throughout the body
and play a role in the prevention and etiology of multiple
extraocular diseases. Alpha crystallins inhibit harmful protein
aggregation by interacting with denaturing proteins through the
exposure of hydrophobic residues. Numerous studies with
mammalian species have attempted to identify amino acid
variations that affect this protective chaperone-like activity,
which is known to be sensitive to changes in temperature. We
used a comparative approach to identify amino acid
substitutions that have led to thermal adaptation in five fish
alphaA-crystallins. The examination of natural amino acid
variations across a physiological thermal gradient is a novel
approach to studying alpha crystallin structure-function
relationships. Purified recombinant proteins from five cloned
bony fish alphaA-crystallin genes were used to demonstrate a
correlation between chaperone-like activity, thermal stability
and the physiological temperature of each species. Homology
modeling using the 3D-PSSM and PHYRE servers and
molecular systematics analysis using the algorithm TreeSAPP
identified three specific amino acid substitutions differing in
hydrophobicity that were predicted to increase chaperone-like
activity. Separate recombinant zebrafish alphaA-crystallin
proteins containing these substitutions were produced by sitedirected mutagenesis and tested for chaperone-like activity. All
three mutants (V62T, C144S, T148V) exhibited increased
chaperone-like activity compared to the wild type zebrafish
protein. However, the V62T mutant showed increased activity
at lower temperatures (25°-30°C) compared to the C144S and
T148V mutants (40°C). These data suggest that the effects of
altered
hydrophobicity
are
temperature
dependent.
Furthermore, both decreases (V62T and C144S) and
increases (T148V) in hydrophobicity can augment chaperonelike activity, indicating that the effect of local hydrophobic
changes is site dependent. To our knowledge, this is the first
study to demonstrate that changes in an individual amino acid
residue can partially account for the evolutionary thermal
adaptation of vertebrate alpha crystallins, and that differences
in hydrophobicity may underlie the functional effect of this
variation. These data are relevant to understanding sHSP
evolution, as well as the protein binding mechanism central to
their involvement in many diseases.
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OPTICAL PLASTICITY IN FISH LENSES
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In the majority of vertebrate eyes, from lampreys to primates,
well-focused color images are created by multifocal crystalline
lenses that compensate for chromatic defocus. The focal
lengths and multifocal properties of the lenses seem to be
specifically adapted to the visual needs of each species and
depend on the refractive index gradients within the lenses.
The adaptive values of the optical properties of the lens and
the retinal complement of visual pigments are dependent on
each other as well as the availability of light and its spectral
composition. The visual environment and visual pigments may
change rapidly on an evolutionary time scale and if such a
change occurs, the optical properties of the lens have to be
adjusted for optimal vision. We investigated whether there are
mechanisms that regulate the optical properties of the lens.
A population of the rabbitfish Siganus rivulatus has undergone
a Lessepsian migration (through the Suez Canal) from the Red
Sea to the Mediterranean. The Red Sea has clear-blue water,
while the Mediterranean has a higher load of organic material,
such that transparency is lower and water color is red-shifted.
The migration occurred so recently that genetic adaptations to
the new environment are highly unlikely. Lens focal length was
shortened in the Mediterranean population, which is of
adaptive value if light intensity is low and the available
spectrum dominated by long wavelengths (red). The
differences in lens focal length persisted after thirteen days of
exposure to identical lighting conditions.

O086
LENS CRYSTALLIN ADAPTATION: EVOLUTION OF
OPTIMAL PROTEIN STABILITY

Shallow-water fishes may experience widely varying light
levels between day and night. In many species, retinal function
switches from all-cone (color vision) at daytime to all-rod
(grayscale vision) at night, with the type of photoreceptor not in
use being moved out of the focal plane. We observed that
these circadian changes in retinal function are accompanied
by appropriate changes in the optical properties of the lens in

A. Kiss
Zoology, Miami University, Oxford, OH, USA
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Eye lenses of Antarctic fishes that inhabit the perennially
freezing Southern Ocean are transparent at -2°C, whereas
cold-sensitive mammalian lenses display cold-induced
cataract at ~18°C. No cold-cataract occurs in the giant
Antarctic toothfish Dissostichus mawsoni lens when cooled to
temperatures as low as -12°C, indicating highly cold-stable
lens proteins. To investigate this cold stability, we have
characterised toothfish lens crystallin proteins both
biochemically and by isolating, cloning and sequencing 22 full
length cDNAs. Biochemical comparison of toothfish α, β and γ
with those of the sub-tropical bigeye tuna Thunnus obesus
(18°C) and the endothermic cow Bos taurus (37°C) revealed
that the upper thermal stability of these crystallins are
correlated with species body temperature. In vitro chaperone
assays showed that fish α crystallin can protect same-species
γ crystallins from heat denaturation, as well as lysozyme from
DTT-induced unfolding and therefore are sHSPs as are their
mammalian counterparts. Surprisingly, in cross-species
chaperone assays, cow α completely failed to protect toothfish
γ crystallins. Toothfish γ was demonstrated to be the
component that failed to interact with cow α crystallins as
supernatant from a cow α plus toothfish γ incubation could
chaperone cow γ crystallins in a subsequent heat incubation,
indicating the presence of uncomplexed cow α. These crossspecies results suggest that the toothfish γ may have adaptive
changes in the protein that relate to the extreme cold-stability
of the toothfish lens. In phylogenetic analysis, γ cDNAs of the
toothfish displayed a diversity not seen with cold-sensitive
mammalian γ crystallins. Several toothfish γ crystallins (γM)
are methionine-rich, which may have predisposed the toothfish
lens to biochemically attenuate γ crystallin hydrophobicity
allowing for cold adaptation. To determine whether altering
methionine hydrophobicity is widespread and critical in regards
to γ crystallin stability and lens transparency, we are testing
this hypothesis using lenses from the freeze tolerant frog Rana
sylvatica. Experiments are being undertaken to determine the
effect of ex vivo chemically altered methionine sidechain
oxidation states on lens transparency. Analysis using CNBr,
which selectively cleaves proteins at the C-terminus of
methionine residues in the thioether (reduced) form (but not
the sulfoxide; oxidised form), coupled with MALDI-TOF massspectrometry is expected to yield direct evidence of the
importance of methionine redox states to eye lens
transparency. Using this comparative approach we will identify
adaptations critical to optimal crystallin stability that will both
impact cataract prevention and our understanding of molecular
evolution in complex globular protein systems.

implicated melatonin in the modulation of IOP. However, the
role played by melatonin and its specific receptors in the
mammalian retina is not well defined. The lack of data is due
to the fact that the vast majority of mouse strains are
genetically incapable of synthesizing melatonin in the pineal
and/or retina so very few studies have compared retinal
physiology in melatonin-proficient and melatonin-deficient
mice. Our laboratory has recently produced mice with targeted
deletion of the MT1 melatonin receptor gene in a melatonin
proficient background (MT1-/-). These mice showed a
significant reduction in the number retinal ganglion cells
(RGCs) at 18 months of age with respect to WT mice. MT1-/mice also showed a small (4-6 mmHg) but significant increase
in the IOP at 12 months of age. The increase in the IOP was
only present during the nocturnal hours. The increase in IOP
was still present at 18 months of age. Our results indicate that
two key characteristics of primary open angle glaucoma (i.e.,
loss of RGCs and elevated IOP during aging) are present in
MT1-/- mice. The increase in IOP preceded the loss of RGCs,
thus suggesting that such an increase may be responsible for
the death of RGCs. Our results also indicate that a small (4-6
mmHg) nocturnal increase in IOP over time may induce a
significant loss in RGCs (20-30%) over the lifespan of the
mouse.
O088
CLOCK AND NPAS2 HAVE OVERLAPPING ROLES IN THE
CIRCADIAN OSCILLATION OF ARYLALKYLAMINE NACETYLTRANSFERASE (AANAT) MRNA IN CHICKEN
CONE PHOTORECEPTORS
R. Haque, J. Abey, P.M. Iuvone
Ophthalmology, Emory University, Atlanta, GA, USA
Background and aims: Circadian clocks in vertebrates are
thought to be composed of transcriptional-translational
feedback loops involving a highly conversed set of “clock
genes”: namely, the period (Per1-3) and cryptochrome (Cry12) genes, which encode negative transcriptional regulators;
and Bmal1, Clock, and Npas2, which encode positive
regulators. Aanat, which encodes arylalkylamine Nacetyltransferase (AANAT), the key regulatory enzyme that
drives the circadian rhythm of melatonin synthesis, contains a
circadian E-box element (CACGTG) in its proximal promoter
that is potentially capable of binding CLOCK: BMAL1 and
NPAS2: BMAL1 heterodimers. The present study was
conducted to investigate whether NPAS2 and/or CLOCK
function in the circadian clock output pathway that regulates
Aanat gene expression.

Circadian Rhythms in the Retina from
Molecules to Visual Function

Methods: Embryonic day 6 neural retinal cultures were
incubated under 14h:10h light-dark cycle (LD) of illumination
for 8 days and then transferred to constant (24/day) darkness
(DD). Vector-based pre-microRNAs (miRs) were transfected
on day 4 in vitro to inhibit expression of CLOCK or NPAS2.
Cells were harvested every 6h in DD beginning at zeitgeber
(ZT) time 2. Transcripts of Per2, Bmal1, Npas2, Clock, Aanat,
and Hprt were quantified by the qRT-PCR. Western blot
analysis was used to measure CLOCK and NPAS2 protein.
The photoreceptor layer of 2 week old chick retinas was
isolated by laser capture microdissection. Chromatin
immunoprecipitation (ChIP) using antibodies to NPAS2 and
CLOCK were performed to investigate their binding to the
Aanat promoter. The data were analyzed by two-way analysis
of variance (ANOVA).

O087
LOSS OF MELATONIN SIGNALING AFFECTS
INTRAOCULAR PRESSURE AND RETINAL GANGLION
CELLS VIABILITY IN THE MOUSE
G. Tosini
Neuroscience Institute & Dept of Pharmacology, Morehouse
School of Medicine, Atlanta, GA, USA
Glaucoma is one of the leading causes of blindness. The
disease is characterized by specific visual field defects that are
due to the loss of retinal ganglion cells (RGCs) and damage of
the optic nerve head. Elevated intraocular pressure (IOP) is
considered to be one of the most important risk factors that
contribute to RGCs loss and optic nerve head damage in
primary open-angle glaucoma. Previous studies have shown
the presence of melatonin in the mammalian eye and of
melatonin receptors (MT1 and/or MT2) in the iris and ciliary
body processes. These experimental observations have led to
the hypothesis that melatonin and melatonin receptors may be
involved in the regulation of IOP. Indeed, several studies have

Results: Npas2 and Clock are both expressed in
photoreceptor cells in vivo and in vitro. In cultured
photoreceptors, Npas2, Per2, and Bmal1 were all expressed in
a circadian fashion, while Clock was constitutively expressed.
The knockdown of CLOCK protein significantly reduced the
circadian expression of Npas2 (P< 0.001), Per2 (P< 0.001),
and Aanat (P< 0.001) transcripts but had no effect on the
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circadian rhythm of Bmal1 transcript level. The knockdown of
NPAS2 significantly damped the circadian rhythm of Aanat
mRNAs (P< 0.001) but had no effect on circadian expression
of any of clock genes examined, except Npas2 (P< 0.001)
itself. ChIP studies indicated that both CLOCK and NPAS2
bound to the Aanat promoter in situ.

O090
PHOTOSENSITIVE INNER RETINAL CELLS IN AN AVIAN
MODEL OF BLINDNESS ARE INVOLVED IN THE NONVISUAL CONTROL OF PHYSIOLOGY AND BEHAVIOR

Conclusions: These observations indicate that the CLOCK
and NPAS2 have overlapping roles in the clock output
pathway that regulates the rhythmic expression of Aanat in
photoreceptors. However, no evidence of a role for NPAS2 in
clock gene expression was observed.
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Background and aims: In the vertebrate retina, there exist
two classes of photoreceptors, cones and rods involved in day
and night vision respectively. Recent evidences in mammals
(Berson et al., 2002) and from our group in the chicken have
shown that the retina contains a subset of intrinsically
photosensitive retinal ganglion cells (RGCs) (Contin et al.,
2006). Here, we investigated light responses and the presence
of photopigments in GUCY1* birds, a blindness model of
Leber Congenital Amaurosis, and wild type controls, as well as
in primary cultures of RGCs.

CIRCADIAN REGULATION OF L-TYPE VOLTAGE-GATED
CALCIUM CHANNELS AND THEIR FUNCTION IN RETINA
PHOTORECEPTORS
G. Ko1, L. Shi1, D. Trump2, M. Ko1
1

Veterinary Integrative Biosciences, Texas A&M University,
College Station, TX, USA, 2Medical Genetics Research Group
and Centre for Molecular Medicine, University of Manchester,
Manchester, UK

Methods: Chicken embryonic retinas from days 4 to 18 (E4 to
E18) and post hatching (P5-10) were processed for RNA
extraction and RT-PCR, protein detection by WB and
immunochemistry, or biochemical assays. Primary cultures of
chicken RGCs were obtained at E8 by anti-Thy-1
immunopanning and processed. In the GUCY1* chickens, we
assessed the pupillary light responses in dark-adapted
animals (consensual reflex) to monochromatic bright light of
different wavelengths, and the daily rhythms of feeding after
synchronization to diverse LD cycles with cool white and blue
fluorescent light of high intensities.

Visual systems must be able to detect images despite large
daily changes in ambient illumination between day and night.
Circadian oscillators in the retina provide such a mechanism
that allows the visual system to anticipate these daily changes
in photon flux by modulating retinal structure and physiology.
Photoreceptors express endogenous circadian oscillators that
play important roles in regulating photoreceptor physiology
and function from outer segment shedding and renewal to
retinomotor movement and synaptic plasticity. At the cellular
level, photoreceptor oscillators modulate ion channel activities,
which include the regulation of L-type voltage-gated calcium
channels (L-VGCCs), from pore-forming α1 subunit trafficking
to plasma membrane insertion and retention. This circadian
regulation of L-VGCCs is mediated through several signaling
pathways, including mitogen-activated protein kinase (MAPK)
and phosphatidylinositol 3 kinase-protein kinase B (PI3K-Akt)
signaling. These photoreceptor oscillators also regulate the
production and secretion of retinoschisin, an extracellular
adhesion protein secreted primarily from photoreceptors and
bipolar cells. Mutations in retinoschisin cause X-linked
retinoschisis (XLRS), a retinal dystrophy that features
disorganization of retinal cell layers and progressive
degeneration of photoreceptors. In chicken retinas, L-VGCCs
mediate the circadian phase-dependent secretion of
retinoschisin.
By
using
co-immunoprecipitation
and
mammalian two hybridization assays, we found that there is a
physical interaction between retinoschisin and the N-terminal
of the L-VGCCα1 subunit. Photoreceptors transfected with a
dominant negative loss-of-function retinoschisin gene (R141G)
had decreased L-VGCC current densities when cells were
recorded at night. This result indicates that retinoschisin plays
a role in plasma membrane retention of L-VGCCα1 subunits.
Hence, there is a bi-directional relationship between L-VGCCs
and retinoschisin: L-VGCCs mediate the circadian regulation
of retinoschisin secretion, while retinoschisin enhances the
plasma membrane retention of L-VGCCα1 subunits. An
interesting clinical aspect of XLRS is that it shares several
quantifiable features with X-linked incomplete congenital
stationary night blindness (XLCSNB), which is an inherited
retinal dystrophy with a mutation in the L-VGCCα1 subunit
gene. The electroretinogram recordings from XLRS and
XLCSNB patients show that in both cases, the cone
photoreceptor responses are more severely affected than the
rod responses, and synaptic transmission between
photoreceptors and bipolar cells is severely damaged. Our
findings indicate that molecular interactions between the LVGCCα1 subunit and retinoschisin may have an important
impact in the synaptic transmission between photoreceptors
and bipolar cells.

Results: GUCY1* birds lacking functional cones and rods, still
perceive light through the inner retina. This photosensitivity is
responsible for the synchronization of daily feeding rhythms
and regulation of pupil reflexes by using a vitamin A-based
opsin with a λmax ~484 nm. Light responses persist with the
complete pineal gland occlusion but are lost with enucleation.
RGCs express two genes for the photopigment melanopsin
(Opn4m and Opn4x) and the G protein q likely involved in the
non-visual photocascade. The GUCY1* retina shows a high
and widespread expression of Opn4x- protein. Primary
cultures of RGCs from chicken embryos at E8 express Opn4m
and Opn4x, and have intrinsically photosensitive cells acting
through a phototransduction cascade which involves the
activation of the phosphoinositide cycle with a significant and
very rapid increase in levels of IP3, different phospholipids (PA,
PIP and PIP2), and Ca2+ mobilization.
Conclusions: Intrinsically photosensitive cells are present in
the inner retina of blind birds, express the photopigments
Opn4x and Opn4m. Remarkably, these cells appear very early
in the development before any sign of vision may occur, and
form part of a non-visual circuit involved in diverse non-image
forming functions.
Acknowledgments: Supported by ANPCyT-FONCyT, PICT
04 No 967 and PICT05 Nº 31971, CONICET, SeCyT-UNC,
and MinCyT of Córdoba. MG is a fellow of the John Simon
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Treatment
O091
NON-INVASIVE TRANSCRANIAL STIMULATION OF THE
AMBLYOPIC VISUAL CORTEX
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intracortical inhibition and increased expression of BDNF in
the visual cortex. Cortical administration of diazepam totally
prevented amblyopia recovery, indicating that the reduction of
intracortical inhibition directly promotes visual cortical plasticity
in the adult.
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Our results highlight a potential clinical application for EE and
antidepressants in neurological disorders in which neuronal
plasticity is compromised because of excessive intracortical
inhibition.

A visual impairment during early childhood such as a squint or
a blurred image in one eye can lead to abnormal development
of the visual cortex. The subsequent loss of visual function in
the affected eye is referred to as amblyopia. This disorder is
characterised by a range of visual deficits which include
reduced contrast sensitivity in the amblyopic eye and
suppression of amblyopic eye inputs to the visual cortex.
Because amblyopia has a cortical basis and involves abnormal
inhibitory neural interactions, we have started to investigate
the effects of applying repetitive transcranial magnetic
stimulation (rTMS) to the visual cortex of adult amblyopes.
rTMS is a non-invasive brain stimulation technique that can be
used to transiently modulate excitation and inhibition within
localized neural populations of the human brain. This
technique has previously been applied to other neurological
disorders that are characterised by pathological patterns of
excitation and/or inhibition, such as stroke. We found that 15
minutes of rTMS over the primary visual cortex can temporarily
improve contrast sensitivity in adult amblyopic eyes. This
suggests that the adult amblyopic visual cortex is capable of
supporting improved vision in the amblyopic eye and that
rTMS has the potential to be a useful therapeutic tool. We are
currently investigating the effects of repeated administrations
of rTMS to the amblyopic visual cortex and the use of
transcranial direct current stimulation (tDCS), an alternative
brain stimulation technique that has shown promising results in
stroke rehabilitation.

O093
PHARMACOLOGIC MANIPULATION OF VISUAL
FUNCTION IN AMBLYOPIA
L. Leguire
Ophthalmology, Nationwide Children's Hospital, Columbus,
OH, USA
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Since the early 1990s, L-dopa (levodopa/carbidopa), the main
metabolite of which is dopamine, has been shown to improve
visual function including visual acuity, contrast sensitivity and
VEPs in children as well as in adults with hard-to-treat
amblyopia. Studies have also shown that L-dopa is well
tolerated and yields minimal side effects. Others have
investigated
the
effects
of
Citicoline
(cytidine-5´diphosphocholine) on visual function in amblyopic subjects.
Citicoline also increases dopamine (and norepinephrine) levels
in the brain and retina. Recent evidence suggests that
citicoline may stabilize visual acuity following patching therapy
for amblyopia thereby reducing recidivism. Other drugs also
show potential for therapeutic intervention in amblyopia.
Currently, a large scale, multicenter clinical trial is planned in
the USA to assess the effects of L-dopa on visual acuity in
amblyopic children. The purpose of this presentation is to
review current literature, present unpublished findings of the
visual effects of and tolerance for L-dopa as well as provide a
frame work to better understand the role of pharmacologic
manipulation of visual function in amblyopia and other visual
disorders.
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ENVIRONMENTAL STIMULATION, VISUAL CORTICAL
PLASTICITY AND RECOVERY FROM AMBLYOPIA

A NEW BINOCULAR APPROACH TO THE TREATMENT OF
AMBLYOPIA IN ADULTS WELL BEYOND THE CRITICAL
PERIOD OF VISUAL DEVELOPMENT
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Experience-dependent plasticity in the visual cortex declines
after the critical period. This limits the capacity of the adult
visual system to recover from pathological conditions due to
developmental defects or damage. Therefore, one outstanding
challenge is to find strategies enhancing plasticity in the adult.
Here we report that environmental enrichment (EE) or
fluoxetine treatment restore plasticity in the adult visual cortex
of the rat.

Background: The present treatments for amblyopia are
predominately monocular aiming to improve the vision in the
amblyopic eye through either patching of the fellow fixing eye
or visual training of the amblyopic eye. This approach is
problematic, not least of which because it rarely results in
establishment of binocular function. Recently it has shown that
amblyopes possess binocular cortical mechanisms for both
threshold and suprathreshold stimuli.

We evaluated recovery of visual functions in adult Long-Evans
hooded rats rendered amblyopic by long-term monocular
deprivation and then subjected to reverse eye-lid suture (RS)
under two different experimental conditions: 1) They were
reared in an EE setting for 3 weeks, or 2) They were
chronically treated with fluoxetine for 4 weeks (in this case, RS
was performed during the last 2 weeks of antidepressant
treatment). Visual acuity and ocular dominance were assessed
in both groups using electrophysiological recordings or
behavioural methods.

Objectives: We have outline a novel procedure for measuring
the extent to which the fixing eye suppresses the fellow
amblyopic eye, rendering what is a structurally binocular
system, functionally monocular.
Results: Here we show that prolonged periods of viewing
(under the artificial conditions of stimuli of different contrast in
each eye) during which information from the two eyes is
combined leads to a strengthening of binocular vision in
strabismic amblyopes and eventual combination of binocular

We found that either EE and fluoxetine administration
promoted a full recovery of visual functions in adult amblyopic
animals. These effects were accompanied by reduced
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information under natural viewing conditions (stimuli of the
same contrast in each eye). Concomitant improvement in
monocular acuity of the amblyopic eye occurs with this
reduction in suppression and strengthening of binocular fusion.
Furthermore, in a majority of patients tested, stereoscopic
function is established.

motion-sensitive mechanisms are largely intact in
anisometropic amblyopia, and the apparent local motion
deficits in anisometropic amblyopia can be modeled with
deficits in contrast sensitivity functions. We conclude that the
adult amblyopic visual system still exhibits substantial
malleability, and perceptual learning may be clinically
important in treating amblyopia.

Conclusions: This provides the basis for a new treatment of
amblyopia, one that is purely binocular and aimed at reducing
suppression as a first step.

O097
TRANSCRANIAL DIRECT CURRENT STIMULATION OF
THE HUMAN VISUAL CORTEX CAN SUBTLY IMPROVE
CONTRAST SENSITIVITY

O095
EXTENDED PERCEPTUAL LEARNING RESULTS IN
IMPROVED ACUITY AND HIGHLY EFFICIENT
PERCEPTIVE FIELDS IN ADULT AMBLYOPIA
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Practicing position discrimination for roughly 20 hours
improves position acuity by about 20-30% in adults with
amblyopia. The present study was aimed at investigating the
limits, time course and mechanisms of perceptual learning
over extended periods of practice (50-100 hours). Adults with
amblyopia practiced a position discrimination task until stable
performance was maintained for 10-20 sessions. We used an
efficient 10-pass paradigm combined with reverse correlation
to track changes in the observers' “perceptive fields”
(classification images) and internal noise across sessions. We
found that the amount of practice needed to reach plateau
depends on the degree of amblyopia. Deep amblyopes (20/5020/125) required more than 40 sessions (40-kilo trials) to
reach plateau, and the threshold improvement was as much
as 50-80%. In contrast, mild amblyopes (20/25-20/40) required
fewer practice trials (~10 sessions) to obtain stable
improvement (20-50%). Training on the position task had
significant transfer to letter acuity. We document a dramatic
optimization of perceptive fields coupled with a marked
increase in sampling efficiency and a substantial reduction in
internal spatial distortion following practice.

Transcranial direct current stimulation (tDCS) is a non-invasive
technique for transiently altering the excitability of localized
brain regions and is considered to have significant therapeutic
potential for a range of neurological disorders. It has
previously been shown that tDCS can influence visual cortex
excitability in humans, however the effects of tDCS on visual
perception are not well understood. This is an important issue
if further investigation into the application of tDCS to visual
disorders with a neural basis is to be conducted. The aim of
this study was to determine whether stimulation of the visual
cortex using tDCS could alter contrast sensitivity or grating
acuity in participants with normal vision. Contrast sensitivity for
Gabor patches of either 0.3cpd or 22cpd was measured using
an interleaved staircase procedure before, during, directly after
and 30 minutes after 15 minutes of 1mA tDCS of the primary
visual cortex. The same procedure was used in a second
experiment where grating acuity at a fixed contrast of 40% was
measured. The effects of anodal, cathodal and sham tDCS
were assessed in separate sessions separated by at least a
week. Contrast sensitivity for the 22cpd stimulus was
significantly improved relative to baseline during anodal tDCS,
while contrast sensitivity for the same stimulus was impaired
30 minutes after the cathodal tDCS. tDCS had no effects on
contrast sensitivity for the 0.3cpd stimulus or on high contrast
grating acuity. Our results suggest that the effects of tDCS
stimulation over visual cortex are subtle and highly task
specific. However the finding that contrast sensitivity can be
improved for a medium-high spatial frequency stimulus
supports further investigation into the possible use of tDCS as
a therapeutic tool for neural disorders of visual perception.
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PERCEPTUAL LEARNING IN ANISOMETROPIC
AMBLYOPIA
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Amblyopia is the most common cause of unilateral visual
impairment, affecting approximately 10 million children and 20
million adults in China. In clinical practice, only young children
amblyopes (< 8 yr old) are treated. On the other hand, recent
studies have demonstrated substantial plasticity in both normal
and amblyopic adults. Here we systematically investigated the
potentials of using perceptual learning to improve visual
functions in anisometropic amblyopia. By training adult
anisometropic amblyopes to detect sine-wave gratings at their
cut-off spatial frequencies, we observed significant
improvements in contrast sensitivity (209%) and visual acuity
(68.4%). Compared to normal subjects, the learning effects of
contrast sensitivity improvement at the trained spatial
frequency can generalize to broader spatial frequencies in
amblyopic subjects (4.04 vs. 1.4 octaves). Improvements in
visual acuity following training showed about 90% retention for
at least 1 year. Following the same training paradigm, we also
demonstrated comparable amelioration of motion sensitivity,
which is consistent with our previous observation that local

Presbyopia
O098
ADVANTAGES AND DISADVANTAGES OF REFRACTIVE
SURGERY BASED TREATMENTS OF PRESBYOPIA
I. Cox, A. Kingston
Bausch & Lomb, Rochester, NY, USA
Background and aims: There have been several reports in
the literature of successful presbyopic treatment strategies
using corneal based surgical presbyopic treatments. These
strategies involve multifocal surface profiles generated in the
cornea using excimer laser ablation or conductive
keratoplasty, or implants within the corneal layers to create a
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multifocal effect. These approaches have their own unique set
of advantages and disadvantages in terms of the clinical
efficacy of the surgical procedure, and the visual outcome for
the patient. This lecture reviews the current presbyopic
treatment strategies using corneal based surgical presbyopic
treatments, and in particular, the optical considerations of
these concepts.
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Methods: A literature review was used to establish the
parameters of several techniques designed to create multifocal
anterior corneal surfaces to improve near vision in presbyopic
eyes. An optical model, designed to represent the typical
human eye was established and used to compare the retinal
image quality for each technique and the impact of treatment
decentration relative to the line of sight.

McMaster University, Hamilton, ON, Canada

DO PSEUDOPHAKIC ACCOMMODATIVE IOLS WORK; AN
ANALYSIS USING DYNAMIC MEASUREMENT OF
ACCOMMODATION
G. Beiko

Purpose: To determine objectively, using a dynamic measure
of accommodation, the mechanism of action of two single optic
and one non accommodating IOL.
Methods: The AMO Complete Ophthalmic Analysis System
(AMO COAS) was used to measure the effect of a near
stimulus in phakic patients, and in patients implanted with
accommodative IOLs. The AMO COAS provides high
resolution, dynamic measures of wavefront, pupil size and
refraction and allows for binocular viewing of near and distant
objects. Patients with Lenstec Tetraflex, B&L Crystelens HD
and Tecnis one piece iols were studied.

Results: Optical corrections designed to provide discrete focal
points at near and distance tend to increase the likelihood of
image ghosting and doubling when decentration between the
multifocal treatment and the line of sight occurs. Corrections
with continuously changing optical surfaces tend to
demonstrate reduced incidence of ghosting or doubling,
although optical resolution may be reduced across the entire
depth of focus of the retinal image.

Results: 70 eyes ere tested. Objective measures of
accommodation were demonstrated in phakic individuals with
the COAS system; the range of accommodation was 0 to 5
dioptres, with an average of 1.80 +/- 1.70 D. The curve of
accommodation in phakic individuals with COAS is similar to
published data. In psuedophakic patients, no accommodation
was observed in the study IOLs. Minor accommodative effect
(less than 0.10 D) in pseudophakic individuals was due to the
effect of spherical aberration.

Conclusion: All corneal based surgical corrections for
presbyopia have advantages and disadvantages compared to
other surgical methods of correction. Optically, the improved
resolution of discrete focal regions may be offset by the
increased appearance of ghosting and doubling under larger
pupil, low illumination conditions. High contrast visual acuity
results may not fully indicate the visual image quality that
patients may be experiencing.

Conclusions: Objective measures of accommodation using
dynamic aberrometry failed to demonstrate any effect in single
optic accommodating IOLs.
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SURGICAL CORRECTION OF PRESBYOPIA
J.-M. Parel1,2

VISION CORRELATES TO SUBJECTIVE RATINGS DURING
MULTIFOCAL CONTACT LENS WEAR

1

Bascom Palmer Eye Institute, University of Miami School of
Medicine, Miami, FL, USA, 2VisionCRC, Brien Holden Vision
Institute, Sydney, NSW, Australia

C. Woods, N. Keir, D. Fonn
Centre for Contact Lens Research, University of Waterloo,
Waterloo, ON, Canada

Background and aim: Presbyopia affects almost every
person above age 40. To determine feasibility and efficacy of
lens capsule refilling technique designed to restore
accommodation.

Introduction: Correcting presbyopia with contact lenses has
proven to be a challenge to even the most accomplished
practitioner. Standard clinical predictors of vision, such as high
contrast LogMAR acuity, would appear to provide little insight
into lens performance and, increasingly, lens performance has
been shown to be best measured by subjective ratings and
preference. Ultimately however, it would be ideal to have a
clinical measure that reflects or can predict these wearer
ratings and preferences. In this preliminary study we
investigated the performance of a series of contrast based
vision measures to see how they matched the subjective
performance ratings of a series of multifocal contact lenses.

Methods: Lens refilling via a miniature capsulorhexis sealed
with a valve (Phaco-Ersatz) was performed in Eye Bank and
primate eyes held in a lens stretcher designed to assess the
forces the zonules impart on the capsular bag. The optical and
physical characteristics of different lens matter replacement
materials were assessed using Scheiner, OCT and UBM
instruments designed to measure the physical characteristics
of human and primate lenses pre/post refilling. In vivo studies
were performed to determine safety (rabbits) and efficacy
(monkeys). The surgical technique and the instrumentation
needed for patient was defined and tested.

Methods: Adapted presbyopic soft lens wearers were
recruited for this short term evaluation; each wore six different
multifocal contact lenses (randomised). Following lens settling,
lens evaluation was based on visual acuity, contrast sensitivity
and subjective responses.

Results: Index of refraction and elastic modulus of surgically
injectable materials giving up to 10D of accommodation post
implantation were identified. 3 months and 3 years in vivo
studies demonstrated safety and efficacy of the technique and
implant.

Results: Fifteen myopic (range -0.50Ds to -5.75Ds) subjects
completed the study; eight with reading adds of < +1.75D,
seven >+1.75D. High contrast LogMAR acuity ranged from 0.07±0.08 to 0.00±0.12 for distance, and from +0.47±0.14 to
+0.58±0.09 for near. These showed a poor correlation (-0.19
and -0.17, respectively, both p>0.05) to the subjective ratings,
where the lens providing the best distance acuity had a rating
of 89.1±9.2 and the worst, 82.0±10.7 and the lens providing
the best near acuity had a rating of 75.7±22.5 and the worst

Conclusion: Restoration of accommodation by lens capsule
refilling is feasible and efficacious.
On behalf of The Dynamic Vision Team, VisionCRC, Brien
Holden Vision Institute, Sydney, NSW, Australia
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76.2±15.8. For the contrast sensitivity measures, Rabin and
Fact were also poorly correlated to the subjective ratings,
Rabin (with and without the ND filter) +0.40 (p< 0.05), and
Fact, +0.36(p< 0.05). For near vision, similarly poor
correlations to the subjective ratings were found for high
contrast LogMAR (-0.17, p>0.05), Fact (+0.16, p>0.05) and
Mars (+0.07, p>0.05). Changing illumination levels did not
appear to have a significant impact on these results. However,
when the difference data between the best and worst lenses
were reviewed, stronger correlations were found for high
contrast LogMAR (high illumination) -0.61 (p< 0.05), low
contrast LogMAR (low illumination) -0.61 (p< 0.05) and Rabin
without the filter 0.53 (p< 0.05).

muscle continues to contract in the presbyopic eye. This
suggests that age-related changes in the lens are the primary
contributing factor to the progression of presbyopia.
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CONTROLLING GHOSTING WITH PRESBYOPIC CONTACT
LENS CORRECTIONS
P. Kollbaum, A. Bradley, J. Nam, L. Thibos
Optometry, Indiana University, Bloomington, IN, USA
Purpose: Bifocal and multifocal contact lenses are only worn
by approximately 2% of the presbyopic population. Bifocal
contact lenses vary in power with distance from the lens center
in two or more discrete powered-zones, whereas multifocal
lenses vary power gradually with increasing distance from the
lens center. Both designs are reported to produce “ghost”
images. On-eye decentration of these lenses will move the
ghost images relative to the focused images, making them
more visible. We have investigated the feasibility of reducing
the visibility of ghost images by controlling the amount of
spherical aberration (SA) in these lenses.

Discussion: The results from this pilot study would appear to
suggest that the current methods of assessing visual
performance both for acuity and contrast sensitivity lack any
correlation with the opinion of the wearer of multifocal lenses.
In addition, it appears that alternative vision assessments
need to be developed to provide clinicians with the tool they
need.
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Methods: Computational Fourier optics was used to quantify
the monochromatic PSF and OTF of multifocal and bifocal
contact lenses. Mutifocality was introduced by elevating the
levels of SA. Bifocality was created by stitching together
wavefronts with different levels of defocus (difference
determined by the bifocal “add power”) from a central circular
aperture and a surrounding annular aperture (e.g. center
distance, or center near designs). Wavefronts of the contact
lenses were decentered relative to the wavefronts and pupil of
the eye.

ACCOMMODATION AND PRESBYOPIA
A. Glasser
University of Houston, Houston, TX, USA
Background and aims: Accommodation is the process
whereby the eyes actively change focus for objects at different
distances. When the eye focuses from distance to near, there
is a dynamic increase in optical power. An effort to
accommodate causes a contraction of the ciliary muscle, the
apex of the muscle and ciliary body move towards the lens
equator to release tension on the elastic suspensory zonular
fibers around the equator. The released zonular tension,
allows the elastic capsule surrounding the lens to mold the
lens into a more spherical and accommodated form. Lens
equatorial diameter decreases, lens axial thickness increases,
lens anterior and posterior surface curvatures increase which
causes the accommodative increase in optical power of the
eye.

Results: A given level of multifocality can be achieved with
lower levels of lens SA if the lens SA has the same sign as the
eye's inherent SA (generally positive). With lower levels of lens
SA, lower amounts of coma will be introduced upon lens
decentration. In bifocal lenses, when SA and defocus share
the same sign, the visibility of the bifocal ghost image (when
seen simultaneously with the focused image) is low. To the
contrary, when SA and defocus have the opposite sign,
visibility of the bifocal ghost image is high, and decentration
further increases the visibility of the ghost images. Adding
negative SA to the distance zone, and positive SA to the near
zone ensures that defocus for both distant and near targets is
always accompanied by the same sign of SA, and thus ghost
visibility is reduced for both viewing distances.

Methods: A variety of studies have been undertaken including
in vitro studies using eye-bank eyes, and in vivo studies in
rhesus monkeys and humans to understand the
accommodative mechanism and the causes of presbyopia.
Results: During accommodation, lens thickness increases
linearly, lens diameter decreases linearly and the lens surface
curvatures change relatively linearly with the accommodative
refractive change in power of the eye. The accommodative
increase in lens thickness is essentially entirely due to an
increase in thickness of the nucleus of the lens. There is a
greater increase in optical power of the lens nearer the optical
axis with relatively little change in optical power towards the
periphery of the lens. The negative spherical aberration of the
eye and lens increase markedly with accommodation. With
increasing age the lens gradually looses the ability to undergo
accommodative optical changes. The lens grows continually
throughout life with an increase in lens thickness, but without a
systematic increase in lens diameter. There is an exponential
increase in stiffness of the lens and nucleus. This so called
increase in stiffness gradient of the lens is possibly the major
cause of the progressive loss of accommodation that
characterizes the progression of presbyopia.

Conclusions: By controlling levels of SA in both bifocal and
multifocal contact lenses, the image degradation and visual
consequences of lens decentration can be minimized, and
specifically, the visual consequences of lens decentration can
be reduced.
O104
STRESS DISTRIBUTIONS IN THE EYE LENS: MODELLING
THE EFFECTS OF AGE
B. Pierscionek1, H. Belaidi2
1

School of Biomedical Sciences, Unversity of Ulster,
Coleraine, 2School of Engineering, University of Greenwich,
Kent, UK
Background and aims: Age-related changes in lens function
that manifest as a loss of amplitude of accommodation, are the
result of a number of factors. As some of these, such as the
strength and distribution of the stretching forces applied, are
difficult to measure, findings are not conclusive. This has
resulted in controversies in theories of accommodation and

Conclusions: The physical and optical accommodative
changes in the young eye are highly coordinated. The
accommodative change in power of the young lens is due to a
molding of the lens by the elastic capsule. Although
accommodative amplitude declines throughout life and is
almost completely lost by about age 50 years, the ciliary
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presbyopia. Finite element analysis can be applied to
investigate changes with age and to look at factors that are
difficult or not yet possible to measure experimentally. The aim
of this work study was to consider the effect of material
properties and forces on the stress distribution patterns of lens
of different ages.

induced CNV in mice. Our results also indicated that the
alternative pathway activation was due to the reduced
expression of CRegs and the induction of CNV can be
inhibited by recombinant CRegs.
Conclusions: Chronic low-level activation of complement
system protects the eye from various immunological insults.
Unregulated complement activation affects retinal immune
responses and plays a crucial role in the development of wet
AMD.

Methods: Three dimensional finite element analysis models of
a young lens and a presbyopic lens were constructed using
ABAQUS (version 6.5). Lens dimensions: curvatures and
thicknesses, were obtained from human lenses that had been
stretched in a manner simulating accommodation1. The
application of forces around the equator were modelled for
lenses with a single elastic modulus and for lenses with
different moduli for the cortex and the nucleus.

O106
RPE NEUROPEPTIDE REGULATION OF
MACROPHAGE/MICROGLIAL CELL FUNCTIONS

Results: The modelling work shows that stress patterns are
concentrated in an annulus in a location around the corticonuclear border. The stress pattern centre is anteriorly
displaced in the older lens. There is a more even distribution of
stress for a two-moduli lens model compared to a lens
modelled with a single modulus. The lens surface shape
change with stretching force application can be seen to adhere
to both current theories of accommodation, depending on
properties of the lens model.

A.W. Taylor1,2
1

Schepens Eye Research Institute, 2Ophthalmology, Harvard
Medical School, Boston, MA, USA
Aims: Our previous studies have demonstrated that retinal
pigmented epithelial cells (RPE) make a significant
contribution to ocular immune privilege and the regulation of
resident myeloid cells. It has been our aim to understand the
functionality of resident retinal macrophage/microglial cells,
and how RPE regulate the functionality of immune cells.

Conclusions: Stress distribution patterns in lenses subjected
to simulated stretching forces depend on the material
properties and on the directions of force. The latter parameter
is influenced by the lens shape and both shape and material
properties alter with age. It is possible that changes with age
alter the accommodative system in such a way that alternative
theories of accommodation can apply depending on lens age.
The multifactorial nature of presbyopia needs to be further
explored using lens models to complement experimental data.

Methods: Primary macrophages were treated with RPE
eyecup conditioned media (RPE CM) from healthy eyes of wild
type C57BL/6, retinal laser-burned C57BL/6, and POMC
knocked-out
mice.
The
macrophages
were
immunohistochemically stained for the enzymes Arginase1
and NOS2, for surface markers CD11b, and Ly6c, and for
apoptosis. In some experiments, the macrophages were
treated
with
CM
absorbed
of
specific
ocular
immunomodulating neuropeptides. To determine the specific
apoptotic pathway the neuropeptide alpha-melanocyte
stimulating hormone (α-MSH) suppressed, we used the mouse
leukemic monocyte macrophage cell line RAW 264.7 that can
be stimulated to go into different apoptotic pathways. Caspase
8 and 9 activity were assayed by ELISA; and necrosis and
TUNEL were assayed by flow.

Pierscionek, B.K. (1993). In vitro alteration of human lens
curvatures by radial stretching. Exp. Eye Res., 57, 629-637.

Immunology of the Retina 1
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Results: Macrophages treated with RPE CM from healthy
eyes
co-expressed
Arginase1
and
NOS2,
were
morphologically dendritic, and had a low expression of CD11b
but a high expression of Ly6c. In contrast, two different types
of macrophages, Arginase1 only or NOS2 only were seen
when the MØ were treated with RPE CM from laser-burned
eyes, POMC knocked-out mice, or CM of healthy RPE
eyecups with α-MSH or NPY absorbed. The cells were
morphologically rounded with ruffled membranes. The
macrophages treated with α-MSH absorbed healthy RPE CM
were positive for apoptosis. We found that α-MSH could only
suppress caspase dependent apoptotic pathways.

ROLE OF COMPLEMENT IN RETINAL IMMUNE
RESPONSES
N. Bora, P. Bora
Ophthalmology, University of Arkansas for Medical Sciences,
Little Rock, AR, USA
Aims: Complement system is a powerful cytotoxic defense
system and regulation of complement activation is crucial for
host tissue damage control especially in an immune-privileged
organ such as the eye. The present study explored the role of
complement system in the ocular protection and retinal
immune responses.

Conclusions: The healthy RPE produces soluble
neuropeptides
that
regulate
the
functionality
of
macrophages/microglial cells and promote myeloid cell
survival. The consequence of this regulation maybe in the
induction of myeloid suppressor cells that further promote
ocular immune privilege, and neuroprotection. Without this
tight control, the wounded retina cannot prevent the activation
of macrophages and microglial cells that mediate
neurodestructive inflammation and scar formation.

Methods: Immunohistochemistry, Western blotting and realtime quantitative RT-PCR were used to demonstrate the
presence of a functionally active complement system and
complement regulatory proteins (CRegs) in the eye. Murine
model of laser-induced choroidal neovascularization (CNV)
was used to investigate the role of complement and CRegs in
retinal immune responses. CNV is the hallmark of wet agerelated macular degeneration (AMD).

Supported in part by NIH EY010752 and DOD W81XWH-04-10892.

Results: A functionally active complement system is present
in the eye. Our results further demonstrated that the chronic
low-level activation of complement system is kept under tight
control by the coordinated action of CRegs present in the
ocular microenvironment. We observed that complement
activation via the alternative pathway was essential for the
release of growth factors that drive the development of laser-
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along with fluorescent signals after injection of standard
ophthalmic dyes (fluorescein and ICG) and following injection
of a dye we suggest labels circulating macrophages.
Dissected eyes were analysed by wholemount white-light and
> 488nm long-pass fluorescence, and by confocal fluorescent
immunohistochemistry (IHC) for activated microglia (lectin
SB4), M1 macrophages (TNFa, RAGE) and M2 macrophages
(IL-10, ED2 [CD163] and CD68).

RETINAL LASER-BURN INTERFERES WITH OCULAR
IMMUNE HOMEOSTASIS
K. Lucas1,2, J. Stein-Streilein1,2
1

Ophthalmology, Schepens Eye Research Institute, 2Harvard
Medical School, Boston, MA, USA

Results: By HRAII imaging, animals receiving NaIO3
developed two distinct patterns of fluorescence - one was
hyperfluorescent FAF in the 488nm channel, and the other
required injection of a macrophage dye at 800nm. The 488nm
FAF pattern extended radially from the optic nerve head
(ONH) in a reticular pattern. The 800nm staining extended in a
wing-like swath from ONH, with a unique leading edge not
previously described. Tissue analysis demonstrated that these
two patterns were present in the outer and inner retina
respectively. Tissue analysis confirmed that the reticular
pattern of outer retinal FAF corresponds with ED2+ CD68+
macrophages. Characterization of the inner retinal
macrophages is ongoing. SB4 lectin+ cells were found
especially near the ONH.

Aims: Ocular immune privilege allows for immune protection
while suppressing inflammation in the eye. Previous studies
from our laboratory suggest that the immunosuppressive
environments of both eyes are altered after RLB treatment.
Here we examined how damage to the retina of one eye may
affect the immunosuppressive environment of both eyes. We
postulated that a neuronal signal might induce inflammatory
signals in both eyes thus we tested the neuropeptide,
Substance P. Substance P is produced by neuronal and
lymphocytes and is reported to induce three of the
proinflammatory cytokines that could be in the burned eye (IL6, IL-1β and TNF-α). Substance P has been implicated in
neuroinflammatory conditions and is causative in loss of
ACAID in dark reared mice. We postulated that the
neuroinflammatory molecule, Substance P, mediated the loss
of ACAID post RLB.

Conclusions: RPE loss due to NaIO3 is followed by
temporally and spatially distinct M1 and M2 macrophage
activity. This activity can be followed non-invasively using FAF,
and confirmed using fluorescent IHC. Modification of the
M1/M2 response could be a potential treatment of outer retinal
degeneration.

Methods: The retinal laser burn consisted of 200µm spots
delivered by a diode laser (810 wavelength, 50mW, 50ms). In
these studies, Anterior Chamber Associated Immune
Deviation (ACAID) was induced in C57BL/6 or Substance P
KO mice. ACAID was assessed by testing if subsequent
immunization, induced delayed hypersensitivity (DH) when
challenged in the ear. A suppression of DH was evidence of
ACAID. To test the role of substance P in the loss of ACAID,
Spantide I ( NKIR antagonist) , was co-injected with antigen
when ACAID was induced.

Corneal Stroma
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DYNAMIC INTERPLAY OF TGF-Β, CTGF AND COLLAGEN
IN CORNEAL WOUND HEALING

Results: RLB induced a loss of ACAID in wild type mice but
not Substance P KO mice. Blocking the receptor for
Substance P with Spantide I preserved the ability to induce
ACAID mice post RLB.

S. Masur, A. Garcia, A. Bernstein, E. Tall
Ophthalmology, Mount Sinai School of Medicine, New York,
NY, USA

Conclusions: Substance P contributes to the loss of ACAID in
both eyes post RLB. The presence of Substance P may alter
the function of the indigenous antigen presenting cells allowing
them to induce an immune response to the antigen inoculated
into the anterior chamber instead of tolerance.

Connective Tissue Growth Factor (CTGF) secretion is induced
by Transforming Growth Factor-beta (TGF-β) after wounding.
Generation of CTGF is associated with fibrotic healing and
myofibroblast differentiation although CTGF has also been
implicated in stimulating migration and proliferation. To explore
the potential role(s) of CTGF in corneal wound healing, we
studied the influence of matrix on CTGF secretion by human
corneal fibroblasts. We found that human corneal fibroblasts
grown on collagen produced 5-fold more 38 kDa CTGF than
untreated controls (72 hrs). Since matrix composition rapidly
changes after wounding, we compared CTGF secretion in
response to TGF-β by cells grown on fibronectin, vitronectin or
collagen. We found that cells grown on collagen secreted 2fold as much as those on fibronectin or vitronectin. These data
suggest that signals from the matrix modify TGF-β induction of
CTGF synthesis.

Support acknowledgement (if any): This work was
supported by grants to KL: NIH F32 EY018983; JSS: DOD
W81XWH and NIH EY11983.
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MACROPHAGE ACTIVITY IN NAIO3 MEDIATED OUTER
RETINAL DEGENERATION
S. Boyd1, N. Pankova2, D. Baek2, H. Wang2, X. Zhao2
1

Ophthalmology & Vision Science, St Michael's Hospital,
University of Toronto, 2Ophthalmology, St Michael's Hospital,
Toronto, ON, Canada

CTGF has been proposed to be both a matricellular protein
and a growth factor. Using immunocytochemistry we
discovered that extracellular CTGF was localized adjacent to
cells in a linear pattern arranged alongside and parallel to
linear arrays of collagen and fibronectin. Furthermore, we
identified a novel 31 kDa form of CTGF that was enriched in
the Triton-X insoluble fraction of cell lystates, the fraction
which includes cytoskeletal and matricellular components. By
Western blotting we determined that the 31 kDa CTGF lacks
the N-terminal domain. (This newly identified 31 kDa CTGF is
likely to be a post-translational product of proteolysis since
there are no alternative splice forms of CTGF.) We
hypothesize that the N-terminal domain of CTGF is released,
whereas 31 kDa CTGF remains associated with the cell

Purpose: To characterize the spatial and temporal activity of
M1 and M2 macrophages following RPE loss in NaIO3mediated outer retinal degeneration.
Methods: NaIO3, an RPE toxin, was injected systemically at
45-60mg/kg in adult Sprague Dawley rats. Control animals
were injected with saline. The Heidelberg Retinal Angiography
II (HRAII) was used to non-invasively image eyes in vivo at
baseline (pre-NaIO3), and at days 1, 3 and 7 thereafter.
Images were obtained in all channels: red-free (RF), 488nm
and 810nm. Fundus autofluorescence (FAF) was evaluated,
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surface initiating a pro-fibrotic signaling pathway. The finding
that N- terminal CTGF fragments in plasma predicts severe
fibrotic disease, supports the hypothesis that cell-associated
31 kDa CTGF is fibrogenic.
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A. Bernstein, B. Pedroja, J. Wolosin, N. Pelaez

DRAMATIC EFFECT OF TGFΒ'S CONCENTRATION ON
SDF-1 SECRETION AND HUMAN CORNEAL FIBROBLAST
MIGRATION

Ophthalmology, Mount Sinai School of Medicine, New York,
NY, USA

MODULATION OF INFLAMMATION IN CORNEAL STROMA
BY ION CHANNEL SIGNALING

Transforming Growth Factor-beta (TGFβ) has dual roles in
wound healing: It promotes cell migration that repopulates
wounded tissue, however it also promotes differentiation of
fibroblasts into adherent myofibroblasts that over-produce
extracellular matrix resulting in scarring. Our goal was to
investigate the effects of the concentration of TGFβ on cell
migration and cell differentiation in human corneal fibroblasts
(HCFs). Furthermore, since Stromal Derived Factor-1 (SDF-1)
has been shown to stimulate migration in other systems, we
explored the relationship between TGFβ concentration and
SDF-1.

Y. Okada1, P. Reinach2, K. Shirai1, A. Kitano1, M. Miyajima3,
W.W.-Y. Kao4, S. Saika1
1

Ophthalmology, Wakayama Medical University, Wakayama,
Japan, 2Biological Sciences, State University of New York State College of Optometry, New York, NY, USA, 3Laboratory
Animal Center, Wakayama Medical University, Wakayama,
Japan, 4Ophthalmology, University of Cincinnati School of
Medicine, Cincinnati, OH, USA
Purpose: To examine if lacking TRPV1 (transient receptor
potential vanilloid subtype 1, capsaicin receptor) affects the
level of inflammation and scarring in a healing, alkali-burned,
cornea in mice. The capsaicin receptor TRPV1 is a cation
channel expressed by nociceptors that detects multiple painproducing stimuli, including noxious heat and extracellular
protons.

HCFs were cultured on collagen in supplemented serum-free
media (SSFM) alone or with 1ng/ml TGFβ, which induces the
myofibroblast phenotype. We found that compared to SSFM,
1ng/ml TGFβ reduced cell migration by 3.2-fold, SDF-1 gene
expression by 4.4-fold, and SDF-1 secretion by 2.6-fold.
Furthermore, SMAD2/3 was activated (nuclear localization)
and p38MAPK was de-activated (cytosolic localization). We
determined that HCFs in SSFM secrete 10 pg/ml TGFβ and
found that these endogenous levels of TGFβ in SSFM
stimulated cell migration and activated MAPKp38 (nuclear
localization) since neutralizing antibodies to TGFβ inhibited
both.

Methods:
1) Three ml of 1 N NaOH was applied to the right eye of 6-8
week TRPV1-/- (KO) (n=66) or TRPV1+/+ (WT) (n=66) mice to
produce an ocular surface alkali burn under general
anesthesia.
Eyes
were
processed
for
histology/immunohistochemistry or real time RT-PCR.

We demonstrated that 100-fold difference in TGFβ
concentration (1ng/ml compared to 10pg/ml) resulted in the
activation of divergent signaling pathways: higher levels of
TGFβ (1ng/ml) promote fibrotic markers and reduce cell
migration and lower levels of TGFβ1 (10pg/ml) promote cell
migration. We hypothesize that SDF-1 secretion and activation
of MAPKp38 contribute to the induction of migration. This
study suggests that controlling but not eliminating TGFβ in a
corneal stromal wound is key to promoting cell migration, while
avoiding a fibrotic response.

2) Three ml of 1 N NaOH was applied to the right eye of WT
(n=36) mice to produce an ocular surface alkali burn under
general anesthesia. The mice were received intraperitoneal
injection of TRPV1 receptor antagonist SB366791 (500 micro
g/kg daily), JYL1421 (2mg/kg daily) or its vehicle. Eyes were
histologically examined at 1, 2, 5, 10, 20 days after alkali burn.
3) We examined the inflammatory cells in the healing process
of the burned cornea by using Bone marrow transplant (BMT).
Results:
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1) Stroma of the KO healing cornea seemed more transparent
as compared with that of WT mice post-alkali burn. HE
histology indicated more marked inflammation in the thickened
stroma in the cornea of WT mice. Immunohistochemical and
real time RT-PCR examinations show less alpha-SMA, F4/80,
MPO and MPC-1 in the cornea of KO mice after alkali burn.

THE MATRICELLULAR PROTEINS: REDESIGNING
CORNEAL WOUND HEALING
S.S. Chaurasia
Singapore Eye Research Institute, Singapore, Singapore

2) Systemic SB366791 and JYL1421 suppressed inflammation
and scarring in WT mice. The wound healing outcome
obtained with these two antagonists mimics the result seen in
the TRPV1 KO.

Matricellular proteins belong to a group of regulatory ECM
macromolecules designated to play a multifunctional role in
the cell-matrix interactions, cell proliferation, and are typically
expressed in the cells undergoing wound repair and
remodeling. The two major members of this family include
SPARC (a secreted protein acidic and rich in cysteine) and
Hevin. The functional role of SPARC and Hevin, which are
upregulated at the site of tissue injury or remodeling is not
known in the cornea.

3) There is less inflammatory cell infiltration and myofibroblast
transdifferentiation in the WT BM-to- KO mice group than KO
BM -to-WT mice group. This result indicates TRPV1 deficient
tissue has an important role in local wound healing in the
cornea.

Understanding the participation of matricellular proteins during
corneal injury using targeted deletion of SPARC (SPARC-/-)
and Hevin (Hevin-/-) null mouse models may unveil their role in
orchestrating interactions with cytokines, growth factors, and
ECM proteins for efficient wound healing, a prerequisite for
reinstating a normal healthy vision.

Conclusions: In the TRPV1 KO and TRPV1 antagonist
treated WT mice, injury induced wound closure is associated
with far less corneal transluscence, much less inflammation
and scar formation. This more favorable outcome could mean
that TRPV1 is a potential drug target for improving the
outcome of corneal wound healing.
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particularly advantageous considering the lack of strong and
non-leaky cornea-specific promoter for in vivo system. The
aims of our study were to test the efficacy of decorin gene
therapy to inhibit corneal scarring and angiogenesis, and
investigate decorin's role in corneal pathology. AAV serotype 5
vector expressing decorin gene and New Zealand White
rabbits were utilized in this study. All animal procedures were
approved by the institutional animal care and use committee
and experiments were performed in accordance with the
tenets of the ARVO statement for the use of animals. Corneal
haze in rabbits was produced with -9 diopter photorefractive
keratectomy
surgery
using
an
excimer
laser.
Neovascularization in the rabbit cornea was induced with
VEGF using a micropocket assay. Fifty or one hundred
microliters of AAV5 titer (~1010 or ~109 vg/ml) was topically
applied to the stroma using custom topical vector application
technique for 2 or 5 minutes after drying the cornea. Eyes
were then washed and sponge-dried. Visual eye exam and
slit-lamp biomicroscopy were performed to evaluate the health
of the eye. Stereomicroscopy was used to monitor transgene
delivery in live animals. Optical coherence tomography was
used to obtain high-resolution images of the retina and anterior
segment of the eye for studying the effects of decorin gene
therapy on corneal pathology. Immunocytochemistry, real-time
PCR, and western blot analyses were used to measure
delivered-transgene expression in the cornea. The preliminary
analyses of eye exam, live animal imaging, limited
immunocytochemistry and real-time PCR data suggest that
AAV5-mediated targeted decorin delivery in the stroma
effectively decreases scarring and angiogenesis in the rabbit
cornea in vivo. Thus far our findings do not indicate any major
pathological changes in the cornea resulting from decorin
gene transfer in the rabbit stroma. Complete analyses of
collected experimental data and future experiments will allow
us to perform statistical analysis. We infer decorin gene
therapy may be an effective treatment to reduce corneal haze
and angiogenesis. This work was supported from the
RO1EY017294 (RRM) and R01EY017294-03S2 (RRM) grants
received from National Eye Institute, NIH, Bethesda, USA, and
support from the Research to Prevent Blindness.

NOVEL BIOCOMPOSITE CORNEAL REPLACEMENT
A. Hubel1, X. Zhong2, A. Aksan1
1

Mechanical Engineering, 2Biomedical Engineering, University
of Minnesota, Minneapolis, MN, USA
The cornea is the most commonly transplanted tissue in the
United States with over 46,000 transplants performed
annually. Worldwide, the supply of donor corneas suitable for
transplantation has never matched the demand. Currently,
keratoprostheses available for clinical use do not truly
biointegrate
with
surrounding
tissues
resulting
in
complications. Consequently, there is tremendous demand for
the development of a tissue-engineered cornea. We have
developed an artificial cornea based on a composite
collagen/silica platform that exhibits favorable optical and
biomechanical properties with an excellent history of
biocompatibility. Silica is found in many simple life forms such
as diatoms that are transparent and these organisms also use
silica to provide much of its structural rigidity.

Thus, silica in nature provides optical transparency, strength
and is highly biocompatible.
Polymerized hybrid composites were subjected to uniaxial
compression testing and compared to that of the native
cornea. Using a model developed by Fung (Fung,
Biomechanics: Mechanical Properties of Living Tissues, p
277), we were able to fit δ=α1εβ1for both the composite and
native tissue. Values of α for the native tissue was 1.55±0.23
and 3.02±1.23 and β1 was 1.91±0.16 for 2.02±0.25 for native
cornea and the silica/cornea composite respectively. Collagen
composite is only 6% different from that for native human
cornea and these results demonstrated that the composites
can be engineered to mimic the mechanical properties of the
native human tissues. The transmittance from 350 nm to 750
nm was determined. Comparing the fraction of transmittance
by the conditioning of collagen, composites made from
collagen that had been induced to form fibrils had the highest
transparency. The results suggested that by proper
conditioning and engineering the composition, hybrid
composites with desired optical properties can be
manufactured. Microstructural characterization of the
composite was also performed using scanning electron
microscopy and confocal Raman spectroscopy. Images
suggested both collagen molecules and collagen fibrils can be
the organic template for silicification in the sol-gel process.
Comparing the SEM images of the hybrid with that of the
collagen, it is possible that the collagen network provides the
site for silica condensation during the gel formation. The
topography and porosity of the hybrid composites are affected
by the silica-collagen composition, suggesting that the
composites can be engineered to achieve the desired
topography and porosity for cell culture in the future.
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ANTERIOR KERATOCYTE DEPLETION IN FUCHS´
ENDOTHELIAL DYSTROPHY: A CONFOCAL
MICROSCOPY AND HISTOLOGIC STUDY
S. Patel, L. Hecker, J. McLaren
Ophthalmology, Mayo Clinic, Rochester, MN, USA
Background and aims: Anterior corneal light scatter is higher
in corneas with Fuchs' dystrophy than in normal corneas, and
remains higher even after endothelial keratoplasty. Corneal
scatter might be related to changes in the density of
keratocytes, and in this study, we characterized keratocyte
populations in corneas with Fuchs' dystrophy by histologic
methods and by confocal microscopy.
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Methods: Eleven corneas requiring keratoplasty for Fuchs'
dystrophy were examined by confocal microscopy, and
keratocyte density was determined by using a custom
automated cell counting program in 10 selected images
distributed through the stroma. The number of cells in a full
thickness column of stroma with frontal area of 1 mm 2
(referred to as a “column”) was calculated to eliminate the
need to adjust keratocyte density for corneal edema. The
column was subdivided into anterior 10% and 10-100% layers
of stromal thickness. After corneas were removed for
penetrating keratoplasty, the central cornea was fixed, cut in 4
µm-thick sagittal sections and stained with DAPI. Keratocyte
nuclei were counted manually from 15 sections and the mean
number of cells per column was calculated by using
stereologic methods. The number of cells in a column in
corneas with Fuchs' dystrophy was compared to that in 3

GENE DELIVERY IN STROMA
R. Mohan1,2, A. Sharma1, J. Tovey1, G. Schultz3, W.
Hauswirth3, J. Cowden1, A. Tandon1, R. Gupta1
1

Mason Eye Institute, University of Missouri- Columbia, 2Harry
S. Truman Veterans Memorial Hospital, Columbia, MO,
3
University of Florida, Gainesville, FL, USA
Our earlier and ongoing studies suggest that targeted delivery
of therapeutic genes into stroma is achievable utilizing a
combination of adeno-associated virus (AAV) vector and
newly-optimized minimally-invasive vector-delivery techniques
in normal and diseased rabbit cornea in vivo. This approach is
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normal corneas that were also examined by confocal
microscopy in vivo and by histology (after enucleation for
choroidal melanoma).

reduced by 58% while glial-evoked vasodilations are reduced
by 60% in isolated retinas of diabetic animals, suggesting a
deficit in glial-mediated control of the vasculature. There was
no decrease in the thickness of retinal layers or increase in
neuronal cell loss in diabetic retinas, although signs of early
glial reactivity were detectable. Immunostaining revealed an
upregulation of inducible nitric oxide synthase (iNOS) in
diabetic retinas. Both light- and glial-evoked dilations were
restored to control levels by inhibiting iNOS. These results
suggest that NO increases resulting from iNOS upregulation
reduce glial dilation of retinal arterioles and may be
responsible for the loss of functional hyperemia observed in
diabetic retinopathy. Restoring functional hyperemia by iNOS
inhibition may limit the progression of retinopathy in diabetic
patients.

Results: By histology, the number of cells in the anterior 10%
of the column in Fuchs' dystrophy (682 ± 274 cells) was lower
than normal (1,989 ± 432 cells, p< 0.001), whereas the
number of cells in the 10-100% layer in Fuchs' dystrophy
(11,533 ± 1,342 cells) did not differ from normal (13,801 ±
1,298 cells). By confocal microscopy, keratocyte populations in
normal corneas did not differ from populations measured by
using histology. In Fuchs' dystrophy, confocal microscopy
indicated keratocyte loss in the anterior 10% of the stroma
compared to normal (p=0.01), although our custom program
overestimated keratocyte populations in the anterior 10% of
the stroma compared to those measured by using histology
(p< 0.001).

Supported by the Leducq Foundation and NIH EY004077.

Conclusions: Keratocytes are depleted in the anterior 10% of
the stroma in corneas with Fuchs' dystrophy, and this loss
might contribute to persistent elevated corneal scatter after
restoration of endothelial function. Anterior keratocyte
depletion in Fuchs' dystrophy can be detected by confocal
microscopy in vivo, although cellular and extracellular debris
may have registered as an overestimate of cell density in this
region.
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THE ROLE FOR ASTROCYTES IN THE CONTROL OF
CEREBRAL BLOOD FLOW
G. Gordon
Brain Research Ctr/Psychiatry, University of British Columbia,
Vancouver, BC, Canada

Role of Astroglia in Health & Disease

Astrocytes are integral components of the brain with a
remarkable repertoire of mechanisms at the interface between
neurons, brain metabolism and cerebral blood flow. Research
addressing the complexity of astrocyte influences on cerebral
blood vessels and neurons will be described as well as
pathways that astrocytes utilize to respond to neuronal activity
and metabolic demands.
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GLIAL REGULATION OF BLOOD FLOW IN THE NORMAL
AND DIABETIC RETINA
A. Mishra, E. Newman
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Neuroscience, University of Minnesota, Minneapolis, MN, USA
Photic stimulation of the retina elicits increased blood flow in
retinal vessels, a response termed functional hyperemia. The
cellular mechanisms that underlie functional hyperemia,
however, are not well understood. We have investigated the
role of glial cells in mediating functional hyperemia in the
isolated rat retina.

GFAP AND VIMENTIN DEFICIENT MICE SHOW
ALTERATIONS IN THE HYALOID VASCULAR SYSTEM
AND IN RETINAL FUNCTION
K.A. Wunderlich1,2, N. Tanimoto2, S.C. Beck2, M.W. Seeliger2,
E. Zrenner2, M.T. Perez1,3
1

We first investigated whether neuronal activity stimulates glial
cells in the retina. We found that flickering light, which
activates retinal neurons, evokes calcium increases in Müller
cells, the principal glial cells of the retina. Light-evoked glial
calcium increases are blocked by purinergic antagonists,
demonstrating that neuron-to-glia signaling is mediated by
neuronal release of ATP.

Dept. of Ophthalmology, Lund University, Lund, Sweden,
Institute for Ophthalmic Research and Graduate School of
Cellular & Molecular Neuroscience, University of Tübingen,
Tübingen, Germany, 3Dept. of Ophthalmology, Glostrup
Hospital, University of Copenhagen, Glostrup, Denmark
2

Aims: Upregulation of the intermediate filaments glial fibrilary
acidic protein (GFAP) and vimentin (vim) in astrocytes and
Müller cells is a feature of gliotic stress responses in the retina.
The inability to produce these filaments has been shown to
alter the reactivity of glial cells to numerous insults. The aim of
this study was to examine aspects of normal retinal physiology
in GFAP/vim KO animals.

We have also investigated whether glial cells can directly
control the diameter of retinal vessels. We found that
stimulation of retinal glial cells by photolysis of caged-calcium
evokes dilation of neighboring arterioles. Glial-evoked dilation
is mediated by production of two types of arachidonic acid
(AA) metabolites, epoxyeicosatrienoic acids (EETs) and
prostaglandin E2 (PGE2), as synthesis inhibitors of these AA
metabolites block vasodilation. Light-evoked vasodilations are
also mediated by EETs and PGE2. Light-evoked dilations are
blocked by inhibitors of neuron-to-glia signaling, demonstrating
that glial cells play an obligatory role in mediating the
vasodilations. When nitric oxide (NO) levels are raised, glialand
light-evoked
vasodilations
are
reduced
and
vasoconstrictions
are
sometimes
observed.
The
vasoconstrictions are mediated by production of another AA
metabolite, 20-hydroxyeicosatetraenoic acid (20-HETE).
Light-evoked vasodilations are reduced in patients
diabetes. We used a streptozotocin-induced rat model of
1 diabetes to study the mechanism responsible for
reduction. We found that light-evoked vasodilations

Methods: Cryosections and wholemount preparations of
retinas obtained from GFAP/vim-KO mice, from single KO
(GFAP or vim), and from congenic controls were used to
examine the distribution of several potassium-channels, waterchannels, neuronal, glial, and vascular markers. The retinal
vasculature was analyzed in vivo by scanning laser
ophthalmology (SLO). Electroretinography (ERG) was
employed to examine retinal function.
Results: The distribution and levels of most neuronal and glial
cell markers were similar between the different genotypes. In
contrast, the expression of the inwardly rectifying potassium
channel 4.1 (Kir) in the proximal processes of the Müller cells
was markedly reduced in GFAP/vim-KO mice. Scotopic bwave amplitudes in ERG recordings of 3, 5, 8, and 20 week-

with
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required to hold anti-parallel beta-sheet with 13th beta-propeller
in domain 2 may have altered the protein function. Similar to
the OPTN E50K mice, Del605-607 mice develop significant
loss of RGC and connecting amacrine cells exclusively at the
peripheral retina. Axon growth of RGC isolated from crossbred
mice with Del605-607 and Thy1 promoter induced CFP mice
showed approximately 60% reduction. This result indicates
wdr36 mutation directly influencing the axon growth.

old GFAP/vim-KO mice were also significantly higher when
compared to control or single KO mice, while the a-wave was
comparable between all groups. SLO analysis revealed
delayed retraction of vitreal vessels in GFAP/vim-KO mice,
whereas no significant differences were observed between
single KO and control animals.
Conclusions: The inability to express GFAP and vim seems
to interfere with the process of hyaloidal vessel regression,
possibly due to a reduced activity and/or maturation of retinal
glial cells (e.g., astrocytes). It is also possible that the lack of
one or both filaments affects lens development, thereby
altering e.g., the level of expression of genes participating in
the regression of this vasculature. Likely independent of
vascular alterations are the changes in visual information
processing in those mice. Different levels and distribution of
Kir channels along the Müller cells may, at least in part,
underlie the electrophyiological findings.

O120
ASTROCYTES IN PERSISTENT FETAL VASCULATURE
(PFV) DISEASE
D. Sinha
Ophthalmology, The Johns Hopkins University School of
Medicine, Baltimore, MD, USA
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Tissue regression is an essential feature of normal
development throughout the animal kingdom. With respect to
the eye, this process is most obvious in the regression of the
hyaloid vasculature. Formed during early fetal development,
this transient network of intraocular vessels arises from the
optic nerve head, extends through the vitreous, and surrounds
the developing lens. When vessels begin to appear in the
retina, the fetal vasculature normally regresses and
disappears completely, prior to birth in humans and within the
first few weeks after birth in rodents. This results in an optically
clear path between the cornea and the retina. The regulatory
mechanisms responsible for normal fetal vascular regression
remain obscure, as does the underlying causes of failure of
regression. Failure of all or part of this vascular network to
regress, a condition called PFV, leads to serious congenital
pathologies.

O119
CHARACTERIZATION OF GLIA CELLS IN OPTN AND
WDR36 TRANSGENIC MICE

The cellular constituents of the hyaloid vasculature previously
described include endothelial cells and pericytes which
constitute the capillaries and larger vessels, as well as
hyalocytes (a macrophage population). However, no studies to
date have reported cells resembling astrocytes in the hyaloid
system, even at the ultrastructural level. Astrocytes originate
outside of the retina and migrate from the optic nerve head
into the inner retina. We show astrocytes surrounding the
persistent hyaloid artery, both in the Nuc1spontaneous mutant
rat, a unique animal model that closely resembles the clinical
signs of human PFV disease, and in human samples from
PFV patients. In order to confirm and extend these findings,
we have now established transgenic mice that overexpress the
mutant (Nuc1) βA3/A1-crystallin specifically in astrocytes.
These abnormal astrocytes also ensheath the hyaloid artery
which fails to regress. The association of astrocytes with the
hyaloid artery in these pathological conditions is in contrast to
the normal eye, where astrocytes are not associated with the
hyaloid artery, suggesting that they block the normal vascular
regression process. We demonstrate that Aquaporin-4
expression is elevated in the astrocytes in these PFV
conditions during the critical developmental period when
regression normally occur, and we hypothesize that this
causes the cells to migrate abnormally into the vitreous where
they ensheath the hyaloid artery, thereby impeding the normal
macrophage-mediated remodeling and regression of the
hyaloid system. Our study provides novel evidence that
developmental abnormalities in astrocytes may cause PFV
disease.

T. Iwata1, Z.-L. Chi1, M. Akahori1, Y. Takada1, N. Nakaya2, S.
Tomarev2, Y. Sergeev2
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Primary open angle glaucoma (POAG) is one of the principal
subtypes of glaucoma, an optic neuropathy with complex
genetics, behavior, and environmental basis. It is a major
cause for irreversible blindness affecting millions of people
around the world. In this study, we developed transgenic mice
overexpressing optineurin (Wt, E50K, H486R, Del1stLZ,
Del2ndLZ) and WDR36 (Wt, D606G, Del605-607, Del601-620)
using ubiquitous chicken actin promoter to address whether
these genes are functionally important for the retina.
Among the five OPTN transgenic mice strain (Wt, E50K,
H486R, Del 1st LZ, Del 2nd LZ), E50K developed progressive
abnormality at the peripheral retina. The phenotypic
characteristic of E50K mice includes loss of retinal ganglion
cells (RGC) and connecting synapses at the peripheral retina
leading to a thinning of the nerve fiber layer (NFL) at the optic
nerve head at normal intraocular pressure (IOP). E50K mice
also showed massive apoptosis and degeneration of the entire
retina leading to approximately 28% reduction of the retina
thickness. These include apoptosis of astrocytes in the
peripheral NFL detected by caspase-3 and single strand DNA
immunostaining. Astrocyte cell death co-localized with loss of
synapses between RGC and amacrine cells.

Acknowledgements: NEI grants EY018636, EY019037,
EY019037-S, Helena Rubinstein Foundation and Research to
Prevent Blindness (to Wilmer Eye Institute).

Additional four WDR36 transgenic mice strain (Wt, D606G,
Del605-607, Del601-640) were developed. Del605-607
progressed to sever retinal degeneration at the peripheral
retina at affecting all layers of the retina at normal IOP. Based
on the molecular modeling of mice WDR36, these mutations
are located at the 14th beta-propeller structure equivalent to
the location of mutation D658G observed in POAG patients.
Removal of three hydrogen bonds in Del605-607, which is
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intraocular tumour growth was observed. After addition of
bevacizumab to in vitro UM cell cultures, an increased
production of VEGF was observed, but no increased cell
proliferation.

New Treatments in Ocular Oncology
O121

Conclusion: Treatment of an experimental tumor with a
VEGF inhibitor led to an increased tumor growth, and in vitro
treatment of UM cells led to an increased production of VEGFA. Inhibition of VEGF-A in vivo probably induced temporary
vessel closure, inducing local hypoxia, and subsequently led to
an increased production of VEGF-A. When eyes that have
developed radiation retinopathy after irradiation of a UM are
being treated with a VEGF inhibitor, the uveal melanomas
should be carefully evaluated.

BEVACIZUMAB SUPPRESSES ESTABLISHMENT OF
MICROMETASTASES IN EXPERIMENTAL OCULAR
MELANOMA
H. Yang1, M. Jager2, H. Grossniklaus1
1

Ophthalmology, Emory University, Atlanta, GA, USA,
Ophthalmology, Leiden University Medical Center, Leiden,
The Netherlands
2

Purpose: This study was undertaken to determine whether
anti-vascular endothelial growth factor (VEGF) therapy inhibits
growth of primary uveal melanoma and spread of its hepatic
micrometastasis.

O123
TARGET IDENTIFICATION AND PROSPECTIVE
VALIDATION OF A GENOMIC CLASSIFIER FOR UVEAL
MELANOMA

Methods: Human uveal melanoma cell lines Mel290, Mel 270,
and HUVECs were separately cultured or co-cultured and
incubated with bevacizumab or IgG1. The level of VEGF
protein in the culture media was measured by ELISA. In vitro
angiognesis and invasion assays were performed under
bevacizumab or IgG1 treatment. Mel290 cells were inoculated
into NU/NU mice eyes which were enucleated after 7 days.
The sizes of the intraocular tumors were determined. Time and
dosing experiments were performed using 50µg or 250µg of
bevacizumab starting at day 1 or 4 after inoculation. Hepatic
micrometastases were enumerated. Proliferation, apoptosis
and angiogenesis markers were detected in the ocular tumor
by immunofluorescence staining.
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Uveal melanoma is a rare malignancy, but it is the most
common primary malignant neoplasia of the eye in adults. The
annual incidence of ocular melanoma is 0.47 to 0.79 new
cases per 100.000 individuals. Diagnosis of uveal melanoma
is made by ophthalmoscopic examination. After local
treatment, the five year survival rate approaches 60%. The
most important prognostic factors are size of tumor, basal
diameter and tumor thickness. Prognosis is worse for
epithelioid cell melanoma than for spindle cell melanoma.
Cytogenetic studies revealed a higher risk of metastases for
melanomas with chromosome 3 monosomy and chromosome
8 polysomy.

Results: Bevacizumab significantly reduced the level of VEGF
in the culture media from human uveal melanoma cells and
co-cultured cells. Bevacizumab also inhibited cell tube
formation and decreased in vitro invasion of tumor cells. We
found in a mouse model that bevacizumab suppressed
primary ocular melanoma growth and the formation of hepatic
micrometastases in a dose-dependent manner. Furthermore,
immunohistochemical staining showed decreased Ki67 and
unchanged caspase 3 expression after treatment with
bevacizumab.

We report here on the use of combined genomic analyses for
the generation of a prognostic classifier and for the
identification of targets for existing molecularly targeted
therapies. Microarray expression profiling of mRNA and
miRNA was performed on 40 samples. Differentially expressed
miRNA and mRNAs were validated with qRT-PCR. Copy
number of chromosomes 3, 8 and 7 was assessed by
fluorescent in situ hybridization (FISH). Array based
comparative genome hybridization (aCGH) was performed on
selected samples.

Conclusions: Treatment with bevacizumab suppressed in
vitro growth and in vivo hepatic micrometastasis of ocular
melanoma cells. Bevacizumab is a potential therapeutic agent
for the treatment of uveal melanoma micrometastases.
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LOCAL TREATMENT WITH VEGF INHIBITOR IN UVEAL
MELANOMA

mRNA expression analysis identified highly differential
expression of several drug targets such as VEGF, CXCR4,
IGFR1, C-KIT, MET and also EGFR, a target of specific kinase
inhibitors and therapeutic antibodies. EGFR is highly
overexpressed by only a part of the cases, apparently as the
result of downregulation of miR-128b that has been reported to
control EGFR expression. A combined score calculated from
EGFR and miR-128b expression values correlates with the
occurrence of distant metastases. Polysomy of chromosome 7
also contributes to the overexpression of the receptor.

M. Jager, M. El Filali, L. Ly, G. Luyten, M. Versluis, P. van der
Velden
Ophthalmology, LUMC, Leiden, The Netherlands
Background and aims: As angiogenesis is an important
factor in tumor growth, we wanted to know whether VEGF
inhibitors can be used in the local treatment of ocular
melanomas. We studied the effect of bevacizumab on cultured
uveal melanoma (UM) cells and on tumor growth in an
intraocular tumor model in mice.

The prospective validation of the prognostic 62 gene
expression classifier developed by Onken et al. (Cancer Res.
64, 7205-7209, 2004) on our samples with so far limited
follow-up confirms the prognostic potential of the classifier.

Material and methods: UM cell proliferation was evaluated
using WST-1 as a viability assay. Production of VEGF by
tumor cells was assayed by quantitative PCR and ELISA. Mice
injected with B16F10 melanoma cells in the anterior chamber
of the eye were monitored for tumour growth after receiving
two different doses of intraocular bevacizumab.

We also analyzed syntenin-1, a PDZ domain-containing
adapter protein involved in metastasis of cutaneous
melanoma, as a potential prognostic marker. Syntenin
expression was high in our dataset and significantly correlated
with outcome in the dataset of Onken et al. Syntenin protein

Results: Following intraocular injection of bevacizumab in
mice with an intraocular B16F10 tumor, an acceleration in
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expression was high in uveal melanoma cell lines, tumors and
in a metastasis. Silencing of sintenin in 92.1luc and Mel270
uveal melanoma cells impaired the ability of the cells to
migrate in a wound-healing assay and decreased the
invasiveness in the Boyden chambers invasion assay.

selective advantage to the cells that become the tumor by
altering cell division and apoptosis, differentiation and
senescence. High expression of the multidrug resistance
gene, MDR1, renders RB cells resistant to chemotherapy.
Understanding the autonomy derived from these cumulative
genetic changes will open opportunities for cure of both
intraocular and metastatic RB.
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Methods: The genomic signature of human RB samples
begins with 95% sensitivity to precisely define RB1 mutant
alleles. Genomic copy number screens by aCGH, genespecific QM-PCR and expression analysis define the patterns
of genomic change in each tumor. Basic studies in vitro and in
murine models define the mechanisms of action of altered
genes that promote retinoblastoma tumors, which will lead to
therapeutic targets. An international clinical trial of
chemotherapy with a common drug to modify MDR1-induced
drug resistance is underway.

CANCER STEM CELLS IN THE DEVELOPMENT OF
INTRAOCULAR TUMORS
B. Ksander
Ophthalmology, Harvard Medical School, Boston, MA, USA
The cancer stem cell theory states that only a small subset of
tumor cells possess the stem-cell-like property of unlimited
self-renewal. Therefore, continued tumor growth is dependent
upon the presences of these “cancer stem cells”. The
existence of “cancer stem cells” was first shown in acute
myeloid leukemia and has since been demonstrated in other
cancers including: breast cancer, glioblastoma, and metastatic
skin melanoma. These experiments all used various stem cell
markers to identify a subpopulation of tumor cells with unique
properties. ABCB5 is a new potential marker for cancer stem
cells that is a member of the ABC-B subfamily of ATP-binding
cassette (ABC) transporters. These membrane proteins act as
efflux pumps for different substrates and were recently used to
identify a subpopulation of cancer stem cells in skin
melanoma. Unexpectedly, the retina displays the highest level
of ABCB5 in normal tissues, suggesting it might be expressed
in retinoblastoma (Rb). Our current studies identified for the
first time in Rb an ABCB5+ subpopulation of cells that we
predict will possess drug resistance and/or enhanced
tumorigenicity. All Rb cell lines tested possessed a
subpopulation of ABCB5+ cells with a frequency ranging from
3-12%. Moreover the ABCB5 pump was functional, as shown
by exclusion of Calcein AM (an ABCB5 pump substrate) in
ABCB5 positive, but not negative Rb cells. This effect was
abolished by the addition of an ABCB5 specific blocking
antibody. Rb cells (originally 3% ABCB5+ cells) were
separated by cell sorting into (i) ABCB5+ cells (90% pure), and
(ii) ABCB5 negative cells (100% pure). To test the growth
potential and drug resistance of these two subpopulations in
vivo, cells were orthotopically injected in the sub-retinal space
of NOD-scid IL2rg-/- mice and tumor growth was measured by
OCT. Our data indicated that retinoblastoma contains a subpopulation of ABCB5+ tumor cells, which displays an active
pump with the potential of drug resistance and preferential
tumor growth.

Results: RB1 loss initiates benign proliferation of retinoma
and genomic instability. Early studies showed high expression
of MDR that rendered retinoblastoma cells multidrug resistant.
Standard chemotherapy was modified by simultaneous
administration of high dose cyclosporine to block MDR.
Ongoing clinical trials of this protocol show excellent
responses of severe intraocular retinoblastoma and some
cures of extraocular and recurrent intraocular retinoblastoma.
Genomic studies revealed gain of the KIF14 oncogene that is
highly expressed in retinoblastoma and other aggressive
cancers, increasing proliferation and self-renewal potential.
The tumor suppressor gene, CDH11, can promote apoptosis
and cell adhesion, suppressing progression of RB but when
lost, apoptosis as a homeostatic response to genomic
instability fails and tumor cells invade and spread.
We have discovered that a small number of retinoblastoma
tumors have no RB1 mutations, but instead show high DNA
amplification of the oncogene, MYCN. These RB1+/+MYCNA
tumors have a very different profile of Mn genomic changes
and arise in much younger children than the classic RB1-/retinoblastoma, and may benefit from very different therapeutic
approaches.
Conclusions: Clinical studies generate ideas, basic studies
define mechanism of action to direct therapeutic strategies,
and rigorous clinical trials can apply evidence that will enhance
outcomes for children with retinoblastoma.
O126

O125

DO YOU SPEAK OCULAR TUMOR? THE AJCC-UICC
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FROM RETINOBLASTOMA CANCER GENOME TO
THERAPY
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Background & aims: The American Joint Committee on
Cancer (AJCC) encompasses 12 American and Canadian
organizations and the International Union Against Cancer
(UICC) reaches an additional 103 countries. Numerous ocular
cancer staging systems to predict prognosis in cancer have
been proposed by individuals, with limited acceptance by the
community, rendering clinical studies valueless, without
accurate descriptors for cancer stage. The AJCC-UICC
Ophthalmic Oncology Task Force was charged with making a

Background and aims: Retinoblastoma is a rare childhood
retinal cancer initiated by biallelic loss of the RB1 gene
(mutational events M1 and M2). The loss of a functional RB1
gene causes retinoma, a benign precursor that shows
genomic instability but not proliferation. Malignancy is
accompanied by M3-Mn genomic changes affecting
oncogenes KIF14, E2F3 and DEK, MYCN and tumor
suppressor gene CDH11. Each altered gene provides
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Tumor/Node/Metastasis (TNM)-based nomenclature,
language that can be used to describe all ocular cancers.

a
chABC administration increased the number of intersections
compared with untreated glaucoma eyes (27.04±5.56 vs.
11.96±1.85, P< 0.01). A similar increase was seen in total
dendritic length (3199.94±326.97 µm vs. 1807.11±198.99 µm,
P< 0.001). BDNF administration alone increased the number
of branch points compared with untreated glaucomatous eyes
(26.29±4.35 vs. 11.96±1.85, P< 0.001), but had no effect on
total dendritic length.

Methods: Task Forces of international experts (based on
publication)
included
47
participants
and
8
organizations/journals worked collectively on 8 disease-site
chapters. One clinical and one pathology member served as
primary authors; others edited and provided specific expertise.
Conferences and Excellent-communications facilitated the
project under the guidance of the chair (P. T. Finger).

Combined chABC and BDNF injections increased total
dendritic length (2306.53±298.03 µm vs. 1807.11±198.99 µm,
although less than that achieved by injection of chABC alone,
(3199.94±326.97 µm vs. 1807.11±198.99 µm, P< 0.001) but
significantly higher than in BDNF only-injected eyes (P< 0.01).
In addition, the dendritic field area in these cells was
significantly increased compared to glaucomatous retinas
(264754.68±40080.85 µm² vs. 76435.70±14171.26 µm², P<
0.001) and controls (264754.68±40080.85 µm² vs.
114028.60±11122.86 µm².

Results: The prior TNM staging was extensively revised.
Novel biomarkers were included where evidence validated
them, or considered for review/inclusion when evidence
justifies their inclusion. Descriptions of the clinical and
pathological data requirements on which the staging is based
were included to improve consistency of staging. The final
chapters were review by all participants. The AJCC-UICC
finally modified where necessary for consistency with nonocular cancer staging. e-tools are under development to
support effective application of the TNM staging at the pointof-care.

Conclusions: RGC dendrites can remodel in experimental
glaucoma following modification of the perineuronal net. The
addition of a neurotrophic agent may further enhance these
changes to provide a neural substrate for the recovery of
visual function in glaucoma.

Conclusions: The Task Force will continue to work towards
the clinical acceptance of TNM as a standard for publication
and presentation in our field. The AJCC-UICC has the
organizational strength to inspire universal and rigorous
application of the TNM staging, that will facilitate collection of
evidence on which to base constructive future revisions.
Ocular cancer outcomes may be enhanced by evidence-based
novel therapy development.

Funding: NERC (Bristol, UK), Pfizer Corp., Cardiff University.
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GLUTAMATE, RETINAL GANGLION CELL DEATH AND
GLAUCOMA: AN OVERVIEW AND SOME NEW
PERSPECTIVES

Intrinsic Responses of Retinal Ganglion
Cells

W. Baldridge
O127

Retina and Optic Nerve Research Laboratory, Anatomy &
Neurobiology and Ophthalmology & Visual Sciences,
Dalhousie University, Halifax, NS, Canada

RETINAL GANGLION CELL DENDRITIC REMODELLING IN
EXPERIMENTAL GLAUCOMA: A NEURAL SUBSTRATE
FOR RECOVERY?

Glutamate is the principal excitatory neurotransmitter in the
retina. However, glutamate is also thought capable of causing
neuronal death, a phenomenon described as excitotoxicity. In
most models of excitotoxicity, emphasis is placed on the effect
of glutamate on N-methyl-D-aspartate glutamate receptors
(NMDARs), in part because of the permeability of NMDARgated channels to Ca2+ and the link between raised
intracellular Ca2+ concentration and neuronal death. Given that
RGCs express NMDARs and, as demonstrated by our group
and others, have glutamatergic Ca2+ dynamics dominated by
NMDARs, models of RGC death often include NMDARmediated excitotoxicity as a component. Consequently, RGC
NMDARs attracted interest as a potential target for therapeutic
intervention in conditions where RGCs are lost, like glaucoma.
Such interest was increased greatly by evidence suggesting
that levels of glutamate were slightly but chronically elevated
in the vitreous of patients with glaucoma and in related animal
models. However, subsequent studies have not consistently
replicated this result and we and others showed that glutamate
clearance, predicted to be compromised if extracellular
glutamate levels are elevated, was unaffected in animal
models of glaucoma. In addition, there is also evidence that
questions the susceptibility of RGCs to glutamate
excitotoxicity. Although RGC death can be induced by
glutamate (or more commonly NMDA) in vivo, several studies,
including work from our group, indicate that RGCs in vitro are
resistant to glutamate excitotoxicity. The uncommon
expression of the NR3 subunit in the retina, a subunit that
limits the calcium permeability of the NMDAR channel, may
explain the reduced vulnerability of RGCs in vitro. A possible
explanation for the discrepancy between the effect of
excitotoxins in vivo and in vitro effect is that activation of
NMDARs, located on cell types other than RGCs, are
necessary for RGC death in vivo. Amacrine cells, some of

J. Morgan, P. Samsel, L. Kisiswa, J. Erichsen, J. Albon
School of Optometry and Vision Sciences, Cardiff, UK
Background and aims: Retinal ganglion cells (RGCs)
demonstrate dendritic atrophy in experimental glaucoma.
These changes occur prior to cell death and raise the prospect
that affected cells could be rescued to recover visual function
in glaucoma. We aim to test the hypothesis that RGCs can be
driven to recover by manipulation of perineuronal net (PNN)
and the addition of a neurotrophic agent (BDNF), following IOP
reduction.
Methods: Experimental glaucoma was induced by anterior
chamber injection of magnetic microspheres in adult male
Norwegian Brown rats. All injections were uniocular with the
beads directed by an external magnetic field to occlude the
iridocorneal angle. IOPs were elevated for 2-4 weeks and then
reduced, either spontaneously or by the topical administration
of Azarga (Alcon). RGC dendritic morphology was determined
by diolistic labelling (DiI) and Sholl analysis of confocal image
stacks. Following normalisation of IOP, uniocular, intravitreal
injections were given of chondroitinase ABC (chABC) to digest
the PNN, either alone or in combination with BDNF.
Results: The following cell groups were analysed: controls
(n=120), glaucoma (no treatment, n=57), glaucoma-chABC
(n=25), glaucoma-BDNF (n=25), glaucoma-chABC-BDNF
(n=24). Dendritic intersections in glaucomatous RGCs were
reduced by 39.5% compared to controls (148.13±17.49 vs.
245.17±15.94, P< 0.001). Total dendritic length, was also
significantly reduced (1807.12±198.99 µm vs. 2944.95±273.72
µm, P< 0.001).
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which express NMDARs, could release ATP that, by acting on
P2X7 receptors, could be toxic to RGCs. Another possibility is
NMDAR-mediated activation of glial cells leading to the
release of the cytokine, tumour necrosis factor α, which has
been shown to upregulate neuronal calcium-permeable αamino-3-hydroxyl-5-methyl-4-isoxazole-propionate
(AMPA)
receptors, a change that has been linked to neuronal death.
The study of RGC NMDARs continues to provide insights into
RGC death and may ultimately point the way to effective
neuroprotection.

University of Pennsylvania, Philadelphia, PA, USA
Background and aims: In glaucoma, the inability of retinal
ganglion cells to transmit visual information from the retina to
the brain leads to the loss of sight. An elevation in intraocular
pressure (IOP) is the most significant risk factor in glaucoma,
with the resulting mechanical strain likely to induce damage.
The causal links between increased IOP and ganglion cell
injury are not clear, however. Although retinal glia undoubtedly
contribute to the damage response, we were particularly
interested in how the ganglion cells respond to this mechanical
strain. Throughout the body, the release of ATP and
subsequent stimulation of purinergic receptors is a common
response to mechanical forces. As such, we asked whether
release of ATP from retinal ganglion cells was an early
response to mechanical strain.
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EARLY CONTRIBUTORS TO RETINAL GANGLION CELL
DEGENERATION IN GLAUCOMA

Methods: ATP release was measured from rat cells using the
luciferase assay. Ganglion cells were purified using the two
step immunopanning procedure. Cell stretch was applied to
cells attached to a silicone sheet upon distention by 20 mm
Hg. Ionic currents were determined using the whole cell patch
clamp technique.

D. Calkins
Vanderbilt Eye Institute, Vanderbilt University Medical Center,
Nashville, TN, USA
Despite diverse etiologies, the various forms of glaucoma have
in common irreversible vision loss through degeneration of the
1.5 million retinal ganglion cell (RGC) neurons whose axons
comprise the optic nerve. Across forms, this process
progresses in a spatially specific manner, filling in from one
retinotopic sector to the next. Myriad glial, vascular and
immunological factors extrinsic to the RGC itself are known to
modulate disease progression, both in the retina and in the
optic nerve head, where RGC axons pass unmyelinated and
are thought to be especially vulnerable. However, recent
studies from our laboratory and others indicate that RGCs also
demonstrate an intrinsic response to pathogenic factors in
glaucoma, like aging and intraocular pressure (IOP). This
response includes not only axonal mechanisms in the nerve
and somatic mechanisms in the retina, but also axonal-target
signaling in the midbrain where RGC axons terminate. In the
retina, RGCs express the vanilloid-1 transient receptor
potential (TRPV1) cation channel, which has been implicated
as pathogenic in a variety of conditions. In vitro, TRPV1
contributes to increased RGC calcium and degeneration with
exposure to hydrostatic pressure (Sappington et al., 2009).
New studies in our laboratory are exploring the expression and
function of TRPV1 in the nerve head and its possible role in
mediating RGC survival in a new acute model developed in
our laboratory (microbead occlusion model; Sappington et al.,
2010). In the superior colliculus of the midbrain, which is the
primary projection site for RGC axons in the rodent, early loss
of anterograde transport from the retina in animal models
induces focal changes in expression of trophic factors such as
brain-derived neurotrophic factor (BDNF). Our experiments
indicate that while a portion of BDNF upregulation is glialderived, BDNF mRNA may be transcribed and trafficked within
the RGC itself. These and similar results support the idea that
in glaucoma, the RGC itself has an intrinsic response that
modulates survival in response to external stressors.

Results: Swelling retinal cells with a hypotonic challenge led
to a rapid release of ATP. ATP release was also found when
isolated immunopanned ganglion cells were swollen, indicating
the
ganglion
cells
were
themselves capable
of
mechanosensitive ATP release. To further isolate the
mechanosensitive response, cells were stretched on a silicone
substrate. Stretch induced ATP release from both mixed
retinal cells and immunopanned ganglion cells. To probe the
physiological impact of this ATP release, ganglion cells were
patch clamped. A cation current was activated within 2
minutes of cell swelling. The swelling-induced current was
inhibited by removal of extracellular ATP with apyrase and by
the P2X7 receptor antagonist A438079. This implies the
swelling induced current was due to stimulation of P2X7
receptors by ATP released into the extracellular bath.
Conclusions: These observations suggest that retinal
ganglion cells are themselves capable of a mechanosentivive
response, and the ATP released is capable of autostimulating
their P2X7 receptors. As we have previously shown
stimulation of ganglion cell P2X7 receptors can lead to calcium
elevation and neuronal death, this pathway may contribute to
ganglion cell distress after the retinal stretching thought to
accompany an elevation of IOP.
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PANNEXIN1 DEFICIENCY INDUCES TOLERANCE OF
RETINAL GANGLION CELLS TO ISCHEMIAREPERFUSION INJURY
V. Shestopalov1,2, G. Dvoriantchikova1, D. Ivanov1,3, D.
Barakat2, E. Hernandez1

Sappington RM, Sidorova T, Long DJ, Calkins DJ. (2009)
TRPV1: contribution to retinal ganglion cell apoptosis and
increased intracellular Ca2+ with exposure to hydrostatic
pressure (Inv. Ophthal. Vis. Sci., 50, 717-728).
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induced ocular hypertension in rats and mice (Inv. Ophthal.
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Hemichannels have been implicated in CNS homeostasis and
pathologies. The hemichannels formed by the pannexin1
(Panx1) protein can be opened by various stressors including
oxygen-glucose deprivation, extracellular nitric oxide, ATP and
zinc. Since stress-activation of Panx1 triggers membrane
permeability to ions and small molecules, and the
inflammasome complex formation, we hypothesized that
Panx1 activation may play a role in neuronal death from
ischemia. To directly test this hypothesis, we developed a
Panx1 conditional knockout mouse line. We analyzed the
survival of retinal ganglion cells (RGCs) deficient in Panx1
after exposure to ischemic injury in vitro and in vivo.

O130
SHORT-TERM EFFECTS OF MECHANICAL FORCES ON
RETINAL GANGLION CELLS
C. Mitchell, J. Xia, J. Lim, W. Lu, A. Laties
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maps quantitatively correlate focal microglia activation and
compartmentalized RGC decline.

The absence of the Panx1 transcript and protein in the global
knockout (Panx1-/-) mice and in the RGCs of conditional
(Panx1fl/fl) knockouts was confirmed by real time PCR,
Western Blot and immunohistochemistry. We challenged
retinal neurons with oxygen/glucose deprivation (OGD) in vitro
and ischemia-reperfusion (IR) in vivo to explore the effects of
the Panx1 deficiency on neuronal tolerance to IR injury.
Primary RGCs were acutely purified by immunopanning from
the retinas of conditional Panx1fl/fl animals and exposed to the
OGD for 4 hours in a hypoxia chamber. Cell death rates were
assessed in vitro using Annexin V and propidium iodide
labeling 24 h post OGD, or in vivo by analyzing densities of
neurons in the ganglion cell layer (GCL) in flat mounts 7 days
after reperfusion.

Results: We provide a detailed analysis of the progression of
microglial changes in a spontaneous model of chronic
glaucoma. We detect clustering of activated microglia in the
central retinas of DBA/2J mice by 3 months of age. From 5 to
8 months of age, we find focal microglia activation within
retinal sectors containing RGCs with declining dendrites and
post-synaptic areas. In the proximity of RGC somata
expressing low or abnormal proteins, as well as projecting
structurally deficient axons, microglia display selective
activation. These changes are absent in age-matched nonglaucoma control mice.
Conclusions: We find regional activation of retinal microglia
accompanying RGC dendritic and axonal alterations. The data
support a close spatial relationship between microglia and
every declining RGC compartment, both prior to disease onset
and during overt neurodegeneration. We propose that
microglia activation precedes RGC decline and may have
functional consequences in glaucoma progression.

Following OGD, we observed a 31% increase in survival of
primary RGCs derived from the Panx1 fl/fl vs. WT mice (71%
vs. 40%). The percentage of apoptotic and necrotic cells
decreased 13 % and 11%, respectively, in the OGDchallenged RGCs from the Panx1-/- relative to the WT retinas.
The Panx1 deficiency significantly increased (74% vs. 46% in
the WT control) the neuronal survival rate in the GCL, and
preserved structural integrity of retinal layers. The analysis of
ischemic WT retinas revealed the activation of caspase-1 and
IL-1β production in the inner retina, which were blocked in
Panx1-/- or Panx1 fl/fl mice, suggesting an involvement of the
Panx1-dependent inflammasome in neurotoxicity. Our results
present the first in vivo evidence that Panx1 is implicated in
ischemic death of RGCs. The results of the knockout studies
suggest that Panx1 represents potential new target for therapy
of retinal ischemia and stroke.
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THE BETTER OPPORTUNITY AND TARGET OF
NEUROPROTECTION WE LEARNED FROM MONKEY'S
GLAUCOMA MODEL STUDY
X. Sun1, Q. Chen2, Y. Dai2, J. Wu2, X. Yu2, S. Zhang2
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RETINAL MICROGLIA ACTIVATION MAY HERALD
GLAUCOMA
A. Bosco, M. Steele, M. Vetter

Aims: To investigate the neurochemical changes in primary
visual cortex and their correlations with retinal ganglion cells (
RGCs ) loss in monkey's glaucoma models.

Neurobiology & Anatomy, University of Utah, Salt Lake City,
UT, USA
Background and aims: Microglia, the resident immune
surveillance cells of the CNS, undergo “activation” during
multiple neurodegenerative diseases, including human
glaucoma (Neufeld, 1999). However, the impact of local
microglia activation on glaucomatous retinal ganglion cell
(RGC) degeneration is unknown. Cellular and molecular
evidence implicate microglia responses in models of induced
(Wang et al., 2000; Naskar et al., 2002; Lam et al., 2003;
Johnson et al., 2007) and spontaneous glaucoma (Steele et
al., 2006; Inman and Horner, 2007; Bosco et al., 2008). To
investigate the potential association and interaction between
RGCs and microglia, we assessed their spatial relationship
within the retina and optic nerve in the DBA/2J model of agerelated chronic glaucoma, characterizing microglial changes at
prepathological (1-3 months) and pathological ages (5-12
months).

Methods: Unilateral, chronic elevated IOP was induced in 11
Rhesus monkeys by laser photocoagulation of the trabecular
meshwork. Four normal monkeys were used as control.
Tangential were cut on a cryomicrotome. Cytochrome oxidase
(CO) reaction and glial fibrillary acidic protein (GFAP) were
studied on the sections of primary visual cortex. The relative
immunointensity (RI) of GFAP, CO reaction as gray values
was compared between the experimental and the control
groups as a function of percentage optic nerve fiber loss.
Results: CO staining of lamina IVC of primary visual cortex in
normal monkeys was uniform in density. Interdigitated bands
of CO stain in lamina IVC representing ocular dominance
columns emerged in glaucoma models according to different
stages of disease. Statistical analysis revealed no significant
differences of CO activities between ocular dominance
columns representing model eyes with RGC loss less than
50% and normal group. While in ocular dominance columns
representing model eyes with RGC loss more than 50%, CO
activities were obviously under normal levels. Similarly, no
significant differences of GFAP expression between ocular
dominance columns representing model eyes with RGC loss
less than 50% and normal group were detected. While in those
with RGC loss more than 50%, GFAP expressions were
obviously above normal levels.

Methods: Retinas from age-matched DBA/2J and DBA/2J
Gpnmb+/+ (non-glaucoma) mice at 1 to 12 months of age (n>25
each) were whole mounted or cryosectioned and
immunostained for markers specific to microglia cells (Iba1,
CD68), RGCs (Brn3b, C1q, PSD95, neurofilament) and glia
(GFAP). Fluorescent images were captured by confocal
microscopy with constant settings to allow analysis of protein
expression. Gene expression of different retinal and optic
nerve compartments were analyzed by RT-PCR. Topographic

Conclusions: Changes of neuronal metabolic activity and glial
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activity in primary visual cortex correlated with RGC loss in
monkey's glaucoma models. Fifty percent of RGC loss might
be an important hinge point of functional activity in visual
cortex. Neuro-protective measures might be more effective
while practiced in early to intermediate stage in the course of
glaucoma with RGC loss less than 50%.

PRO-SURVIVAL AND PRO-DEATH SIGNALING
PATHWAYS ARE ACTIVE IN AXONALLY INJURED RGCS
R. Libby, J. Harder
Flaum Eye Institute, University of Rochester Medical School,
Rochester, NY, USA
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Many different molecular signaling pathways have been
implicated in glaucomatous neurodegeneration. The precise
importance of these pathways in retinal ganglion cell (RGC)
death after a glaucomatous insult remains unclear. It is now
understood that ocular hypertension affects retinal ganglion
cells (RGC) for extended periods of time before cell death is
triggered. These early changes are on a genomic scale,
affecting the transcription and activity of hundreds or even
thousands of genes. The gene expression and metabolic state
changes between RGCs in a normal and an ocular
hypertensive environment can be either protective or make the
cell more likely to die in the face of a sustained insult. Both
pro-survival and pro-death pathways are activated in axonally
injured RGCs and the balance of these pathways change
during the disease process. An important signaling pathway
that controls the survival and/or death of numerous types of
neurons during disease is c-Jun N-terminal kinase (JNK)
signaling. JNK signaling is known to be activated in injured
RGCs, including in glaucoma. Given JNKs known importance
in mediating both cell death and survival in injured neurons—
by controlling the expression and activity of numerous other
molecules—its expression in glaucomatous RGCs suggests
an important role for this pathway in glaucoma. We began
exploring the importance of JNK signaling in axonally injured
RGCs by assessing RGC survival after controlled optic nerve
crush (CONC) in Jnk2 or Jnk3 deficient mice. Similar to
controls, deficiency in either Jnk2 or Jnk3 did not prevent RGC
death at 14 days after CONC. However, in Jnk2-/- Jnk3-/mutant mice RGCs were significantly protected from death 14
days after CONC. The survival of RGCs after CONC in the
Jnk2-/- Jnk3-/- mutants was confirmed using several RGC
markers, including POU4F2, which remains expressed for
extended periods of time in Jnk2-/- Jnk3-/- mice. Also, it is
important to note that cells were still dying in these retinas
because cleaved caspase 3 was present. These data show
that deficiency for both Jnk2-/- and Jnk3-/- provides protection
for RGCs after a severe axonal injury. We are using these
mice to determine what are critical downstream targets of JNK.

TARGETING CENTRAL VISUAL SYSTEM DEGENERATION
IN GLAUCOMA
N. Gupta
Ophthalmology & Vision Sciences / University of Toronto, The
Keenan Research Centre at the Li Ka Shing Knowledge
Institute of St. Michael's Hospital, Toronto, ON, Canada
Neuropathological and clinical studies in glaucoma have
established that the disease extends from the retinal ganglion
cells in the eye to involve visual pathways in the brain,
including the optic nerve, optic chiasm, optic tract, lateral
geniculate nucleus, optic radiations and visual cortex. Most
retinal ganglion cells (RGCs) terminate in the lateral geniculate
nucleus (LGN) of the brain. RGC injury can cause glial scar
hostile to re-growth along the optic nerve and tract, and trigger
degenerative changes in target LGN neurons. There is
compelling evidence that glaucoma therapies should target
RGCs in the eye, and also promote core connections in the
brain. Opportunities and challenges relevant to targeting
central visual pathways in glaucoma will be discussed.
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NEUROGLOBIN: ENDOGENOUS NEUROPROTECTANT
FOR RETINAL GANGLION CELLS AGAINST
GLAUCOMATOUS DAMAGE
X. Wei1,2, Z. Yu3, K.-S. Cho2, H. Chen2, X. Wang3, D. Chen2
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Glaucoma, characterized by accelerated loss of retinal
ganglion cells (RGCs) and their axons, is a neurodegenerative
disorder and leading cause of blindness. Although elevation of
intraocular pressure (IOP) is a major risk factor of glaucoma,
patients with a similar IOP display large variation and different
susceptibility
to
glaucomatous
neuronal
damage.
Accumulating evidence suggests an important role of oxidative
stress and mitochondrial dysfunction in RGCs´ susceptibility to
glaucomatous injury. Neuroglobin (Ngb), a newly discovered
member of the globin superfamily, is found in neurons and is
upregulated in RGCs of glaucoma patients. Up to date, the
biological function of Ngb in the retina remains largely
unexplored. In the present study, we report a role of Ngb in
protecting RGCs against glaucomatous damage in a mouse
model of chronic ocular hypertension. We showed that
elevation of IOP stimulated a transient upregulation of
endogenous Ngb in mouse RGCs and that constitutive
overexpression of Ngb in transgenic mice prevented RGC
damage induced by glutamate cytotoxicity in vitro and/or IOP
elevation in vivo. Moreover, overxpression of Ngb attenuated
ocular hypertention-induced superoxide production and the
associated decrease in ATP levels in mice. Together, these
results suggest that Ngb is a self-neuroprotective protein
functioning through a mechanism of decreasing oxidative
stress and improving mitochondrial function to promote RGC
survival or regulate their susceptibility to glaucomatous
damage.

Retinal Ganglion Cell Photoreceptors:
Physiology, Brain Targets and Influence on
Behavior
O137
MORPHOLOGICAL TYPES AND MELANOPSIN
ANTAGONISM IN RAT IPRGCS
G. Pickard1, J. Bramley1, A. Hartwick2, R. Artymyshyn3, K.
Jones4, J. Sprouse4, P. Sollars1
1

School of Veterinary Medicine & Biomed Sci, Univ. of
Nebraska, Lincoln, NE, 2College of Optometry, The Ohio State
University, Columbus, OH, 3Neuroscience, Lundbeck
Research USA, Inc, 4Neuroscience, Lundbeck Reseach USA,
Inc, Paramus, NJ, USA
Background and aims: 1-2% of retinal ganglion cells (RGCs)
in the mammalian retina express melanopsin, and these cells
are intrinsically photosensitive (ipRGCs). A major target of
ipRGC projections is the hypothalamic suprachiasmatic
nucleus (SCN), a circadian oscillator and biological clock.
Based on dendritic stratification and melanopsin protein levels,
two different types of ipRGC send afferent fibers to the mouse
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SCN. The dendrites of M1 ipRGCs stratify in a narrow band in
an accessory ON sublamina of the inner plexiform layer (IPL)
near the border of the inner nuclear layer; M1s comprise ≈
80% of the RGC afferents to the mouse SCN. M2 ipRGCs
have their dendrites confined to the traditional ON sublamina
of the IPL, near the ganglion cell layer; M2s immunostain more
lightly than M1s and they make up the remaining ≈ 20% of
retinal afferents to the mouse SCN. Here we sought to
determine if M1s and M2s send afferents to the rat SCN, as it
has been reported that only M1s innervate the rat SCN. We
also studied the effects of a selective small molecule
melanopsin antagonist, AA92593, on light-evoked changes in
intracellular Ca2+ in isolated rat ipRGCs maintained in vitro.

We utilized a transgenic mouse line in which ipRGCs are
labeled in vivo with enhanced green fluorescent protein
(EGFP) to target ipRGCs in wild-type (WT) and melanopsin
null (Opn4taulacz/taulacz) mice for whole cell recording in the
absence or presence of the group III metabotropic glutamate
receptor agonist L-2-amino-4-phosphonobutyrate (L-AP4) to
silence the ON pathway. We find that M1 and M2 cells receive
input from the ON pathway and that this influence serves to
greatly enhance the sensitivity and maximum light response of
M2 but not M1 cells. Furthermore, we find that the ON
pathway comprises the dominant light-evoked synaptic input to
M1 and M2 ipRGCs, but that this input is larger for M2 than M1
cells. Additionally, we find that M2 cells are depolarized by the
ON pathway in the dark, while M1 cells are not affected or
even slightly hyperpolarized. These data support the idea that
the ON pathway differentially affects how M1 and M2 ipRGCs
signal light information to the brain, providing support for the
idea that these distinct ipRGC subpopulations signal distinct
light information to the brain in a parallel fashion.

Methods: Long-Evans rats were used. SCN-projecting RGCs
were labeled following retrograde transport of a recombinant
strain of pseudorabies virus expressing EGFP (PRV152)
injected into the SCN region. Melanopsin RGCs were
identified with an antibody that recognizes both M1 and M2
ipRGCs in rat retina. AA92593 was tested on ipRGCs obtained
from P5 rat pups using an immunopanning protocol (Hartwick
et al., 2007). Light-evoked Ca2+ responses were measured
using fura-2 imaging.
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MECHANISMS AND CONSEQUENCES OF MELANOPSIN
BISTABILITY

Results: SCN-projecting RGCs in the rat were melanopsin
immunopositive and ≈ 80% (77.8 ± 0.8, n=3) had dendrites
terminating in the distal IPL (M1 ipRGCs) whereas ≈ 20% were
type M2. Introduction of AA92953 into the recording chamber
after the second of 8 one minute light pulses (spaced 15 min
apart) significantly reduced the amplitude of the light-evoked
Ca2+response in isolated ipRGCs beginning with the fifth light
pulse.

H. Cooper
Chronobiology, INSERM U846 - Stem Cell and Brain
Research Institute, Bron, France
In addition to rods and cones, the human retina contains lightsensitive ganglion cells that express melanopsin, a
photopigment with signal transduction mechanisms similar to
that of invertebrate rhabdomeric photopigments (IRP). Like fly
rhodopsins, melanopsin acts as a dual-state photosensitive
flip-flop that can use light to drive both sensory
phototransduction and chromophore photoregeneration. This
bistable mechanism renders melanopsin independent of the
retinoid cycle that is required by rods and cones to regenerate
photoresponsiveness following light bleaching. Bistability also
explains why melanopsin can confer light responsiveness to
various cells in vitro (Xenopus oocytes, cultured human cell
lines, fibroblasts) that normally are not light sensitive. In
contrast to rod or cone opsins where the sensitivity matches a
single opsin nomogram, the responses of IRPs reflect the
state of the photopigment system as a whole and depend on
two underlying photopigment isoforms, an 11-cis retinal bound
“photosensory” state and an all-trans-retinal bound
“photoregenerative” state. The photic responses of
rhadbomeric photopigments are thus described by several
unique response functions that, however, are currently
unknown for melanopsin. We explored the pupillary light reflex
(PLR) in humans as a tool to define the spectral response
functions of the system, but applied methods classically
employed to study invertebrate photoreceptors. We show that
the pupil only attains a fully stabilized state of constriction after
several minutes of light exposure, a feature that is consistent
with typical IRP photoequilibrium spectra. We further
demonstrate that previous exposure to long wavelength light
increases, while short wavelength light decreases the
amplitude of pupil constriction, a fundamental property of IRP
difference spectra. Modelling these responses to invertebrate
photopigment templates yields two putative spectra for the
underlying R (11-cis) and M (all-trans) photopigment states
with peaks at 481 nm and 587 nm respectively. Furthermore,
this bistable mechanism may confer a novel form of “photic
memory” since information of prior light conditions can be
retained for a period of nearly 1 hour and shapes subsequent
responses to light. The results suggest that the capacity of
melanopsin to respond to light is modulated by prior spectral
lighting conditions, emphasizing the importance of previous
light history in chronobiology. The findings also raise the
possibility that appropriate manipulation of spectral light
composition in industrial, domestic and clinical phototherapy
applications can be exploited to optimize the response

Conclusions: Two types of ipRGC differentially innervate the
rat SCN, the majority being type M1, similar to our previous
findings in the mouse. AA92593, a novel small molecule
melanopsin antagonist, inhibits the response of native ipRGCs
to light stimulation, AA92593 effectiveness may require
continuous exposure and/or light stimulation.
Acknowledgements: Supported by NIH EY 017809-09
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RELATIVE INFLUENCE OF THE ON PATHWAY IN
SHAPING THE LIGHT-EVOKED RESPONSE OF DISTINCT
SUBPOPULATIONS OF INTRINSICALLY
PHOTOSENSITIVE RETINAL GANGLION CELL
T.M. Schmidt, P. Kofuji
Neuroscience, University of Minnesota, Minneapolis, MN, USA
A subpopulation of ganglion cells in the mammalian retina
express the photopigment melanopsin and are intrinsically
photosensitive (ipRGCs). These cells convey light information
to a variety of non-image forming visual centers in the brain,
notably the suprachiasmatic nuclei of the hypothalamus, which
drive the mammalian circadian rhythm and the olivary pretectal
nuclei, which drive the pupillary light reflex. Distinct
morphological subpopulations of ipRGC have been identified,
each with distinct physiological properties. M1 ipRGCs have
dendritic arbors monostratified in the OFF sublamina of the
retinal inner plexiform layer (IPL) while M2 ipRGCs have
dendritic arbors monostratified in the ON sublamina of the IPL.
M1 cells have been shown to have larger and more sensitive
intrinsic light responses, more hyperpolarized resting
membrane potentials, higher input resistances, and to fire at
lower rates than M2 cells. Recently it was shown that M1 cells,
which have dendrites stratifying in the OFF sublamina of the
IPL, receive synaptic input from the ON pathway. However this
question has not been examined for M2 cells nor have the
functional consequences of this On channel influence been
described. The goal of the current study was to determine the
functional influence of the On pathway on M1 and M2 ipRGCs.
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capacity of melanopsin-dependent circadian and other nonvisual responses.

retinal photoreceptors to the regulation of circadian
photoentrainment. We demonstrate in genetic mouse models
lacking functional rods, or where rods are the only functional
photoreceptors, that rods are solely responsible for
photoentrainment at scotopic light intensities. Furthermore,
rods are capable of driving circadian photoentrainment at
photopic intensities where they are incapable of supporting
visually-guided behavior. Using animals in which cones are
ablated, we demonstrate that rods contribute to circadian
photoentrainment through two distinct retinal circuits. These
findings show that rods are sufficient to support circadian
photoentrainment across a wide range of light intensities, and
reveal the retinal circuits through which rods physiologically
drive ipRGC function.

Support: FP6- EUCLOCK, Rhône-Alpes Cible et Emergence,
UNADEV, Fondation NeuroDis-Lyon.
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LIGHT ENHANCES BEHAVIORAL RESPONSES TO
CONDITIONED FEAR
I. Provencio1, D.M. Warthen1, B.J. Wiltgen2
1

Dept. of Biology, 2Dept. of Psychology, University of Virginia,
Charlottesville, VA, USA

Eye Movement

Light is a pervasive feature of our environment, and most
organisms have evolved mechanisms for using light to drive a
wide variety of biological processes. While light is known to
modulate cognitive function (Vandewalle et al., 2009), little is
known about the effect of light on learning, memory, and fear.
We used tone-cued fear conditioning, a well-established assay
of learning and memory, to determine if light can effect
learning, memory, and fear. During tone-cued fear
conditioning, a subject is conditioned to associate a tone with
a mild shock. Successful conditioning results in cessation of
locomotor activity, or "freezing", in response to the tone alone.
We performed our experiments in both light and darkness in
C57BL/6J wildtype mice, which have normal retinas. Prior to
conditioning, mice from both groups (light and darkness) were
allowed to explore the conditioning apparatus each day for two
weeks in order to minimize fear associations with the
conditioning apparatus itself. Our data indicate that fear
associations were, in fact, made predominantly with the tone.
Freezing was monitored during the pre-exposure period as
well, and was found to be similar between mice in light and
mice in darkness, indicating that light alone does not cause
freezing. However, during conditioning and subsequent
testing, wildtype mice in light froze more in response to the
tone than wildtype mice in dark. This enhanced association
persisted over two days of testing. Our results demonstrate
that light can indeed enhance behavioral responses to learned
fear in wildtype mice. Furthermore, by repeating our assay in
rd/rd mice, which lack functional rods and cones (LaVail and
Sidman, 1974), and Opn4-/- mice, which lack intrinsic ipRGC
photoresponses due to loss of melanopsin (Panda et al.,
2002), we have demonstrated that either the rods-cones or
melanopsin are sufficient to drive light-enhancement of
learned fear, similar to other non-visual photoresponses
(Provencio, 2007). The fact that rd/rd mice exhibit light
enhancement of learned fear demonstrates that imageformation is not required for this response. Our results add a
novel output to the growing list of non-image-forming visual
responses, and open a new avenue for research into learning,
memory, and fear behavior.
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THE EFFECT OF AMBLYOPIA ON VISUALLY GUIDED
POINTING
E. Niechwiej-Szwedo1, H. Goltz1,2, M. Chandrakumar1, Z.
Hirji1, A.M.F. Wong1,2
1

Department of Ophthalmology, Hospital for Sick Children,
Department of Ophthalmology and Vision Science, University
of Toronto, Toronto, ON, Canada
2

Background and aims: Sensory and perceptual deficits in
amblyopia have been studied extensively; however, its impact
on visuomotor coordination is nearly unknown. The objective
of this study was to examine the effect of amblyopia on
visually guided pointing movements.
Methods: Subjects (13 patients with amblyopia and 13
visually normal controls) were instructed to execute fast and
accurate pointing movements to a target presented on a
computer monitor while viewing was binocular or monocular.
Each trial began with a central fixation cross. After a random
delay (1500-3000 ms), the target (a white square) appeared
randomly at one of 4 locations (5deg or 10deg to the left or
right of fixation). Eye movements were recorded with the
ChronosVision ETD eye tracking system and hand movements
with the Optotrak system.
Results: Patients had longer saccade latencies while viewing
with the amblyopic eye (242±77 ms) compared to the fellow
eye (190±45 ms) or binocularly (195±57 ms) and as compared
to visually normal controls (binocular 171±46 ms, monocular
189±43 ms) (p< 0.01). There were no significant differences
between patients and controls for amplitude or peak velocity of
the first saccade. In contrast to saccade latency, there was no
significant difference in pointing latency between patients
(348± 99 ms) and controls (336± 99 ms). Pointing duration
was longer in patients (622± 146 ms) in comparison to controls
(524± 122 ms), but the difference did not reach significance.
Pointing precision was significantly worse when patients
viewed with the amblyopic eye (7.58±4.72 mm) compared to
the fellow eye (6.09±3.85 mm) or binocular viewing (5.75±3.67
mm) and as compared to controls (binocular 6.64±4.52 mm,
monocular 6.88±4.49 mm) (p< 0.01). The early kinematics of
pointing were also affected by amblyopia. In particular,
patients reached lower peak acceleration (7.6±3.1 mm/s 2)
compared to controls (12.3±5.8 mm/s2) (p< 0.05). The duration
of the acceleration phase was also longer in patients 228±72
mm compared to controls 161±54 mm (p< 0.01). In contrast,
peak deceleration and the duration of deceleration phase were
not significantly different between patients and controls.

O141
VISION BEYOND IMAGE FORMATION
S. Hattar
Department of Biology, Johns Hopkins University, Baltimore,
MD, USA
The discovery of atypical ganglion cell photoreceptors
(melanopsin containing intrinsically photosensitive retinal
ganglion cells; ipRGCs) in the mammalian retina has greatly
advanced our understanding of how light influences several
non-image forming visual functions independent of image
formation. Some of the non-image forming functions are the
adjustment of our internal circadian rhythms to the solar day,
which influence our mood, alertness and even learning and
memory. We have studied extensively the contribution of outer

Conclusion: This is the first study to show that amblyopia
affects the programming and execution of visually guided
pointing. The differences in early kinematic markers of the
pointing movement might reflect a strategy or an adaptation of
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the motor control system to degraded visual feedback which
allowed patients to optimize the precision of pointing.

One patient group (n=20) had persistent amblyopia with mild,
moderate or severe visual acuity (VA) losses in their affected
eye and impaired stereovision; the other group had
therapeutically 'cured' VA in this eye, but their stereoacuity
thresholds remained elevated and indicative of only 'coarse' or
'negative' sensitivities to binocular disparity (n=10 each).

O143
THE GENETICS OF CONGENITAL COMPLEX
STRABISMUS: DISORDERS OF EXTRAOCULAR MUSCLE
INNERVATION

Results: Key findings were that both patient groups exhibited
deficits under binocular (i.e., natural) viewing conditions,
especially in controlling the final approach to the object at the
end of the reach and in closing and applying their grasp
(prolonged execution times, more errors and corrections), the
extents of which were generally worse in the subjects with the
poorest stereovision.

E. Engle1,2
1

Neurology and Ophthalmology, Children's Hospital Boston &
Harvard Med School, Boston, MA, 2Howard Hughes Medical
Institute, Chevy Chase, MD, USA

Conclusions: The implications are that high-grade binocular
depth vision is essential for skilled reach-to-grasp performance
and that more explicit consideration should be given to
restoring this - rather than just the VA of the affected eye - in
amblyopia management, via strategies that promote
cooperative binocular interactions during treatment episodes.

The definition of complex strabismus syndromes and the
discovery of their underlying genetic etiologies have led to the
realization that these disorders result from errors in the growth
and development of cranial motor neurons and nerves. For
years, these syndromes were thought to be disorders of
extraocular muscle formation (“fibrosis”), but these research
findings clarified that they are disorders of extraocular muscle
innervation. As a result, this group of syndromes has been
renamed the 'congenital cranial dysinnervation disorders'
(CCDDs). The CCDD disease genes identified to date encode
a variety of proteins important to normal development of the
oculomotor, trochlear, and abducens motor circuits. The
transcription factors HOXA1, PHOX2A, and SALL4 are
necessary for the identity and survival of specific pools of
ocular motor neurons and are mutated in the HOXA1
syndromes, CFEOM2, and Duane radial ray syndrome,
respectively. The axon guidance receptor molecule, ROBO3,
is necessary for appropriate midline crossing of developing
axons and neurons in the hindbrain, and is lost in patients with
horizontal gaze palsy with progressive scoliosis. CHN1, a
RacGAP cell signaling molecule, functions downstream of
guidance receptors in the growth cone and mediates the
response of the actin-microtubule cytoskeleton to guide the
growing axon. CHN1 function is altered in DURS2-Duane
retraction syndrome, resulting in abnormal abducens nerve
development. KIF21A is an anterograde kinesin that carries
essential cargo to the developing growth cone by walking
along microtubules, and is mutated in CFEOM1, altering
oculomotor development. Finally, TUBB3 is a component of
microtubules and seems to play a role in microtubule growth
and turning in response to guidance cues and signaling
molecules, as well as providing the site for kinesins such as
KIF21A to walk. TUBB3 is mutated in CFEOM3, altering
oculomotor as well as more general brain development. Thus,
studies of the CCDDs are helping us to understand and
potentially better treat these rare congenital strabismus
syndromes, while also serving as paradigms for human
disorders of axon growth and guidance.

Supported by grants 066282 and 079766 from the Wellcome
Trust.
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EFFECTS OF DECORRELATED BINOCULAR INPUT ON
VISUAL DEVELOPMENT AND THEIR CLINICAL
IMPLICATIONS
A. Wong
Department of Ophthalmology, University of Toronto, Toronto,
ON, Canada
Infantile esotropia is a common ophthalmic disorder in
childhood. It is characterized by the onset of nasalward
deviation of the eye during the early critical periods of
development in infancy. Images of an object fall on noncorresponding parts of the retina, resulting in decorrelated
binocular input to the visual cortex, which subsequently leads
profound maldevelopment of stereopsis, motion processing,
and eye movements. The proper timing of surgery for infantile
esotropia has been debated for decades; earlier studies
suggested that surgery during the early critical period may
improve stereopsis. To investigate this issue, we used prisms
to induce an optical strabismus in infant monkeys, and found
that the duration of decorrelated binocular input is strongly
correlated with sensory and ocular motor development. Recent
clinical studies further indicated that early surgery enhances
sensory and ocular motor outcomes. The Congenital Esotropia
Observational Study, a multi-center prospective study
conducted by PEDIG, has defined a clinical profile of infants
who will benefit most from early surgery. Several other studies
have also shown that early surgery does not lead to adverse
long-term effects. Clinicians now should consider offering early
surgery to patients with large-angle, constant infantile
esotropia at or before 10 months of age.

O144
PREHENSION DEFICITS IN PERSISTENT AND 'CURED'
AMBLYOPIA
S. Grant

Biochemical and Molecular Control of
Myopia

Optometry & Visual Science, City University, London, UK
Background: Amblyopia, arising in association with
misalignment or refractive imbalance between the two eyes, is
characterized by loss of spatial resolution in the affected eye
and by reduced binocular stereovision. There is major current
interest in whether these visual impairments result in disability
in daily life.

O146
OCULAR GROWTH AND REFRACTION ARE REGULATED
BY AMACRINE CELLS

Methods: We examined this by comparing the performance of
normal adults with two groups of patients on a visually
demanding, object-directed prehension (reaching and
precision grasping) task relevant to many everyday activities.

W. Stell
Department of Cell Biology & Anatomy, Department of Surgery
- Division of Ophthalmology, Lions' Centre for Retinal
Degeneration Research, and Hotchkiss Brain Institute,
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University of Calgary Faculty of Medicine, Calgary, AB,
Canada

Methods: In vivo studies involved chickens wearing
monocular negative lenses or diffusers, with ocular changes
tracked using retinoscopy and A-scan ultrasonography for
refractive errors (RE) and axial ocular dimensions respectively.
In some studies, animals underwent myopia-inhibiting drug
treatments. Gene microarray, real time PCR and histological
studies made use of RPE isolated from enucleated eyes postsacrifice. Pharmacological studies involving primary human
fetal RPE cell cultures allowed study of elements of the signal
pathway.

The biochemical and molecular control of myopia involves
analysis of visual images by retinal circuits, release of retinaderived chemical messengers, relays across the RPE and
choroid, and growth responses by the choroid and sclera. The
source of retinal messengers is a limited subset of amacrine
cells (ACs), driven by local circuits that are tuned to image
changes in space and time - circuits not unlike those that are
responsible for the local adaptation and response
characteristics of Y-type and directionally-selective retinal
ganglion cells (RGCs).

Results: Many RPE genes are affected by optical
manipulations that induce increased axial elongation and
myopia, with some overlap between those showing rapid
changes in expression and those showing sustained
expression. Altered expression resulting from longer-term (38
d) lens treatment, detected with microarrays and confirmed
with real-time PCR, include up-regulation of PDGFA, FIGF and
NOG and down-regulation of BMP2, BMP7, DRD4 and RARB.
All of these genes also showed altered expression with
shorter-term (48 h) treatment, although the direction of the
change was not always consistent with that seen with
extended treatment, e.g. opposite trends for BMMP7, DRD4
and RARB. Dopamine and Ach receptor-mediated secretion of
TGFB from RPE has been demonstrated in culture. Eyes
subjected to long-term myopia-inducing treatments show RPE
shape and ultrastructural changes.

Why are amacrine cells, and the neural circuitry that
determines their spatiotemporal tuning and adaptation
properties, thought to perform this critical function? Because:
(1) RGCs play little or no role in myopia; (2) among non-RGC
retinal neurons, only ACs respond selectively to the
spatiotemporally complex stimuli (patterns having limited
ranges of spatial frequencies, temporal frequencies, and
contrasts) that are required for discriminating focus and
defocus; (3) the dimensions of optimally effective anti-myopia
stimuli (bars ~100-150 µm wide on the retina, in chick) are
significantly larger than the dendritic and receptive fields of
photoreceptors and bipolar cells, but in the range expected for
ACs (e.g., those inferred from optokinetic responses in chicks,
or local adaptation in salamander); (4) most chemical
messengers implicated in the retinal control of ocular growth
and refraction are generated in the retina by ACs; (5) selective
neurotoxins such as kainic acid and NMDA, which ablate
subpopulations of ACs, selectively remove those ACs and
their messengers that are most strongly implicated in the
control of eye growth; and (6) myopia-preventing conditions
modulate the synthesis de nouveau of activity-dependent
markers such as Egr-1, which indicates cell activation, in
specific types of amacrine cells.

Conclusions: Cell culture data fit with a model for eye growth
regulation that involves modulation of function or growth of
adjacent tissues by secretions from RPE. Myopia-inducing
treatments induce differential expression in a range of genes
that could plausibly be involved in ocular growth regulation,
although functional changes in RPE secondary to myopic
growth may underlie some of the changes observed with longterm treatment.

Many challenges remain for understanding the retinal bases of
myopia and its prevention. Some of the most important are:

Support: NIH grant R01 EY012392

(1) unraveling the circuitry from photoreceptors to the growthregulating amacrines, in particular, the circuits that
discriminate direction of defocus and adapt to spatial contrast;
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CHANGES IN THE EXPRESSION OF RETINAL
MOLECULAR MARKERS DURING PERIODS OF
INCREASED OCULAR GROWTH IN CHICKS

(2) identifying all of the retina-derived messengers that play
roles in myopia, and their sources and targets, plus
determining whether they act in series or parallel; and

R. Ashby, I. Morgan

(3) starting at last to identify stages of processing downstream
from amacrine cells: in particular, the relevant receptors on the
apical side, and the messenger(s) released from the basal
side, of the RPE.

ARC Center of Excellence in Vision Science, Research School
of Biology, Australian National University, Canberra, ACT,
Australia

Optometry, University California Berkeley, Berkeley, CA, USA

Purpose: The immediate early gene ZENK (Egr-1) and the
neuropeptide glucagon have been implicated in the regulation
of eye growth. This study examines in detail the time-course of
changes in ZENK and pre-proglucagon (PPG) RNA transcript
levels in the chick retina during periods of increased ocular
growth induced by form-deprivation and negative lens-wear.
To further elucidate the role of ZENK in the modulation of
ocular growth, we investigated the effect of intravitreal
injections of the muscarininc antagonist atropine and the
dopamine
agonist
2-amino-6,7-dihydroxy-1,2,3,4tetrahydronaphthalene hydrobromide (ADTN), both of which
block the development of experimental myopia, on the
expression of ZENK in eyes fitted with translucent diffusers or
negative-lenses.

Purpose: This paper will review results from on-going
research involving in vivo animal models as well as cell culture
studies, based on the hypotheses that 1) the retinal pigment
epithelium (RPE) plays a critical role in transferring ocular
growth modulatory signals from retina to sclera and 2)
secondary effects on RPE function contribute to the retinal
pathology in high myopia. Other relevant published results will
also be considered.

Methods: Myopia was induced by fitting translucent diffusers
or -10D PMMA lenses over one eye of the chicken. At times
from 1 hour to 10 days after fitting of the diffusers or negative
lenses, retinal RNA transcript levels for the selected genes
were determined by semi-quantitative real-time RT-PCR. For
the pharmacology experiments, translucent diffusers or -10D
lenses were fitted over the left eye of chicks for a period of 1hr.
Intravitreal injections of atropine (10ml - 25mM), ADTN (10ml -

Supported by grants from the NIH (USPHS), CIHR and
NSERC (Canada), and Lions Sight Centre Fund (University of
Calgary).
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THE RETINAL PIGMENT EPITHELIUM - A CRITICAL
PLAYER IN MYOPIA DEVELOPMENT AND PATHOLOGY
C. Wildsoet

52

O150

10mM), or a vehicle solution were made immediately prior to
fitting of diffusers or lenses.

ZEBRAFISH: THEY'RE NOT JUST FOR BREAKFAST (ER,
DEVELOPMENT) ANYMORE

Results: ZENK RNA transcript levels were rapidly and
persistently down-regulated following the attachment of the
optical devices over the eye. With a delay relative to ZENK,
PPG transcript levels were also down-regulated. Changes in
gene expression were similar in response to form-deprivation
and negative lens-wear. The rapid down-regulation in ZENK
RNA transcript levels normally seen following 1 hr of diffuser
wear or the fitting of negative-lenses was not seen when
atropine or ADTN were administered immediately prior to lens
attachment, with ZENK transcript levels rising above those
values seen in control eyes. However, injection of atropine or
ADTN into untreated eyes had no effect on ZENK transcript
levels.

D. Stenkamp, T. Sherpa, S. Hunter
Biological Sciences, University of Idaho, Moscow, ID, USA
The zebrafish has emerged as an outstanding model for the
study of developmental genetics of the visual system. It also
offers opportunities to establish and pursue models of human
disorders of the eye and retina, and to test potential therapies.
Finally, the zebrafish retina has the capacity for functional
regeneration following damage, and may be the key to
unlocking the information needed to develop regenerative
treatment strategies in human retinal disease.

Conclusions: The retinal expression of ZENK and PPG RNA
transcripts was modulated, with a similar time-course and
strength of response by both negative lens-wear and formdeprivation. The ability of the tested drugs to prevent the
down-regulation of ZENK suggests that atropine and ADTN
act directly and rapidly on retinal circuits with enhanced
sensitivity early in the signaling process. In combination with
other evidence in the literature, these findings suggest that the
molecular pathways involved in the changes in eye growth in
response to form-deprivation and negative-lenses are very
similar.

Because any regenerative or cell replacement strategy in
humans will of necessity take place amid underlying
pathology, it is important to understand the capacity for
regeneration under pathological conditions. We are employing
two parallel approaches to this issue, using the zebrafish
model. The first approach is to determine how the zebrafish
retina responds to retinal damage that has a genetic basis, by
examining retinal proliferation and cell replacement in
zebrafish models of retinal disease. The second approach is to
identify conditions that optimize functional regeneration, by
evaluating the success of regeneration after cell-selective vs.
widespread retinal damage, and then identifying any molecular
correlates of the optimum conditions. Our experiments related
to the first approach have determined that, in two zebrafish
models of retinal disease, the regenerative response is
triggered but is not sufficient to maintain or restore visual
function. Our experiments related to the second approach
have determined that retinal regeneration results in faster
visual recovery, faster restoration of the optic nerve head, and
few histological errors when the initial damage is limited to the
inner retinal layers. In addition, errors in expression of the
sonic hedgehog gene are strikingly correlated with defects in
the regenerated retina and delayed functional recovery,
suggesting this signaling system as a key player in a
successful regenerative response.
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MUSCARINIC ANTAGONIST INHIBITION OF AXIAL
MYOPIA: THE ELUSIVE TREATMENT SOLUTION!
N. McBrien
Optometry and Vision Sciences, University of Melbourne,
Melbourne, VIC, Australia
It has been known since at least the late 1960's that axial
myopia can be prevented in adolescent humans by the broadband muscarinic antagonist atropine. This initial finding and
subsequent confirmation of atropine's potency in blocking
experimentally-induced myopia in non-human primates was
initially wrongly interpreted as implicating the blocking of
ocular accommodation as the mechanism of myopia
prevention. More recent studies in the 1990's on a number of
animal models of refractive development have demonstrated
that atropine works via a non-accommodative mechanism in
preventing the structural cause of myopia, axial elongation of
the vitreous chamber. However, despite numerous studies
over many years to determine both the site, and mechanism,
of action of muscarinic antagonists in inhibiting myopia, the
information has proved elusive.
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AN INTEGRATED ZEBRAFISH AND HUMAN GENETICS
APPROACH TO STUDYING BMP SIGNAIING IN OCULAR
BIRTH DEFECTS
C. French1, M. Asai-Coakwell2, O. Lehmann2, A. Waskiewicz1
1

Department of Biological Sciences, 2Department of Medical
Genetics, University of Alberta, Edmonton, AB, Canada
A patient with retino-choroidal coloboma carrying a 10 MB
deletion on chromosome 8 defined a novel critical region for
ocular disease. We subsequently demonstrated that mutations
in the Bone Morphogenetic Protein, GDF6 are responsible for
1.6% of microphthalmia and coloboma cases. An analysis of
Gdf6 function in zebrafish has shown that it functions at the
top of the hierarchy that define the identity of the dorsal retina.
Embryos that lack Gdf6 display a lack of dorsally expressed
tbx5, bambi, and efnb2. Concomitantly, markers of the ventral
retina are markedly expanded in gdf6 depleted embryos. In
contrast to our results with Gdf6, an analysis of BMP4 function
in zebrafish retinal patterning has demonstrated that it is not
required for early dorsal specification. Recent experiments
have used gene expression microarrays to define the pathway
of genes that lie downstream of this critical signaling molecule.
On the basis of these results, we hypothesize that human
GDF6 mutations may underlie additional ocular diseases.

This talk will provide a broad overview of what is currently
known of the effectiveness of both broad-band and selective
muscarinic antagonists in preventing myopia. In particular
emphasis will be placed on findings aimed at determining both
the site of action and the possible mechanisms of action of
what is currently the most effective treatment for myopia that
has been clinically tested. Discussion of the interaction of the
cholinergic signaling system with other neurotransmitter
signaling systems in regulating ocular growth and myopia will
also be discussed.

Exploiting the Zebrafish Model: Retinal
Development, Disease and Regeneration
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that induce the regeneration response are unknown. This
project examines if tumor necrosis factor α (TNFα) is that
signal.

IRX7 GENE REGULATORY NETWORK FOR ZEBRAFISH
RETINAL DEVELOPMENT

Methods: Proteomic analysis of retinal protein homogenate
involved two-dimensional gel electrophoresis and mass
spectrometry of proteins that increased in expression in the
light-damaged retina relative to the undamaged control retina.
To knockdown TNFα expression, a 20-base morpholino,
complementary to the sequence containing the TNFα
translation initiation codon, was intravitreally injected and
electroporated into dark-adapted albino zebrafish retinas
immediately prior to starting the constant light treatment. A 5base mismatch control morpholino was similarly injected and
electroporated into dark-adapted albino zebrafish retinas prior
to the constant light treatment. At various timepoints, fish were
sacrificed
and
the
retinas
were
analyzed
by
immunohistochemistry for cell death, cell proliferation, and cell
differentiation.

Y.Q. Zhang, Y.F. Leung
Biological Sciences, Purdue University, West Lafayette, IN,
USA
An understanding of transcriptional regulation of retinal
development is essential to the ultimate success of stem cell
therapy to regenerate retinas damaged by retinal diseases.
Many intrinsic factors and extrinsic signals that control retinal
cell specification and differentiation have been identified;
however, the transcriptional regulation of the specified retinal
cells to form a laminated retina is still poorly understood. In our
own studies, a homeodomain transcription factor irx7 has been
identified from a gene expression analysis of a zebrafish
retinal mutant - young (yng), in which retinal patterning and
lamination have been shown to be disrupted by a null mutation
in brg1. In wild-type (WT) retinas, irx7 began to express in the
prospective inner nuclear layer (INL) in the ventral nasal
region at 38hpf. Then, the expression swept through the
forming INL. After the retinal lamination became apparent at
52hpf, the expression of irx7 was gradually restricted to a
small group of cells in the outer INL. In yng, irx7 expression in
the retinas was significantly reduced and scattered compared
to WT; the expression was also never restricted to a specific
region in the retina. When irx7 was knocked down in the WT
embryos with specific antisense morpholinos, the eyes
became much smaller and the retinal cell layers failed to form.
Amacrine cells, cone photoreceptors, biopolar cells and Muller
cells were all absent in the irx7 knockdown embryos at 72hpf.
Ganglion cells were present but the layer was smaller. Since
shh signal transduction is a mediator for retinal neurogenesis,
the progression of irx7 expression might be regulated by shh.
This hypothesis was tested by treating WT embryos with shh
inhibitor cyclopamine from 36-52 hpf, shortly before the
induction of irx7 in the prospective INL. The results indicated
that irx7 could still be induced in the ventral nasal retina when
shh was inhibited, but the progression of irx7's expression in
the retina was hampered. The transcriptional output of irx7 is
currently being investigated by a large-scale in situ
hybridization, based on the retinal differentiation genes in the
Brg1-regulated network we previous identified. In short, our
results suggest that irx7 is a key regulator of retinal lamination
and differentiation regulated by brg1 and shh. The study of irx7
gene network will ultimately identify specific molecular
regulations of retinal lamination for the development of
pharmacological approaches to regulate this process and in
turn to guide stem cells to reconstruct a retina.

Results: Injecting protein lysate from light-damaged retinas
into undamaged eyes significantly induced Müller glia
proliferation relative to control injected eyes. Two-dimensional
gel electrophoresis and mass spectrometry revealed that the
damaged retinal lysate possessed increased amounts of TNFα
signaling proteins relative to control retinas. In the lightdamaged retina, TNFα colocalized with over 60% of the dying
(TUNEL-positive) photoreceptors after 16 hours of constant
light, with no significant TNFα expression elsewhere in the
retina at this or any other time of constant light treatment.
Morpholino-mediated knockdown of TNFα expression in the
light-damaged retina significantly reduced the number of
proliferating (PCNA-positive) Müller glia and neuronal
progenitor cells relative to the control retinas.
Conclusions: TNFα is coexpressed with the dying rod and
cone photoreceptors in the light-damaged albino zebrafish
retina. TNFα is necessary to induce the maximal cell
proliferation response in the light-damaged albino zebrafish
retina.
Acknowledgements: This work was supported by NIH grant
1R01EY018417 and the University of Notre Dame's Center for
Zebrafish Research.
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VALUE OF THE ZEBRAFISH MODEL SYSTEM TO TEST
NOVEL THERAPEUTIC APPROACHES TO TREAT
GENETIC EYE DISEASE
C. Gregory-Evans1, M. Moosajee2, K. Gregory-Evans1

O153

1

Dept of Ophthalmology, University of British Columbia,
Vancouver, BC, Canada, 2Dept of Clinical Neuroscience,
Imperial College London, London, UK

TUMOR NECROSIS FACTOR-ALPHA IS EXPRESSED IN
APOPTOTIC PHOTORECEPTORS TO INDUCE MÜLLER
GLIA PROLIFERATION IN THE LIGHT-DAMAGED
ZEBRAFISH RETINA

Purpose: The extensive genetic heterogeneity associated with
inherited eye disease is a major barrier to the development of
viable treatment modalities. A therapeutic intervention relevant
to a wide range of inherited eye diseases would be optimal.
We therefore developed therapeutic approaches that would be
applicable to a range of genetic mutations, based on two
observations. Firstly, the underlying molecular defects in a
considerable proportion of these eye diseases are nonsense
mutations leading to premature termination codons. Secondly,
cell death is seen as a final common mediator in many eye
disease pathologies. We have therefore taken advantage of
the high throughput potential of the zebrafish model system to
test novel therapeutic paradigms, applicable to suppression of
nonsense mutations and inhibition of apoptotic cell death.

C. Nelson, R. Gorsuch, K. Ackerman, F. Raycroft, D. Hyde
Department of Biological Sciences, University of Notre Dame,
Notre Dame, IN, USA
Background and aims: Dark-adapted adult albino zebrafish,
when placed in constant intense light, rapidly undergo
apoptosis of the rod and cone photoreceptors. This cell death
induces a robust regeneration response in which a large
percentage of Müller glia enter the cell cycle, divide
asymmetrically to produce a neuronal progenitor cell, which
then amplifies and migrates to the outer nuclear layer. These
neuronal progenitors differentiate into rod and cone
photoreceptors to structurally and functionally regenerate the
retina. The signals resulting from the photoreceptor cell death

Methods: We used the following three lines of zebrafish for
our studies: chmru848(rep1-/-), a model of choroideremia; noitu29a
(pax2.1-/-) and gupm189(lamb1-/-), both models of ocular
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coloboma. Embryos were raised in the presence of either
aminoglycoside drugs (100 µM gentamicin or paromomycin) to
suppress nonsense mutations or anti-apoptosis agents (300
µM zVAD-FMK or 5 µM curcumin) to suppress cell death. At
defined stages of development the eyes were examined by
wholemount and section histology, TUNEL staining,
immunocytochemistry and western blotting.

MECHANISMS LEADING TO DETERMINATION OF THE
EMBRYONIC EYE IN XENOPUS
R. Grainger, M. Fisher, T. Nakayama, H. Jin, M. Beers
Biology, University of Virginia, Charlottesville, VA, USA

Results: The eye phenotype in all three lines of zebrafish was
substantially ameliorated by treatment with aminoglycosides.
Furthermore, drug treatment resulted in a reduction of
multisystemic defects leading to a 1.5-1.7 fold increase in
survival. A significant decrease in abnormal cell death was
observed in all three models that were treated with
aminoglycosides. Western blotting and prenylation assays
confirmed that a functional rep1 protein was produced by
readthrough of the underlying nonsense mutation. In ocular
coloboma mutants treated with either curcumin or zFAD-fmk,
the size of the coloboma was greatly reduced, concomitant
with a decrease in cell death.

The goal of our research is to understand the mechanisms
leading to establishment of the embryonic lens and retina. Our
research utilizes Xenopus, which is particularly amenable to
studies of early tissue formation. In addition to the widely used
model Xenopus laevis, we have been developing the sister
species Xenopus tropicalis as a more genetically tractable
genetic model because of its more rapid development and
simpler genome. Experiments involving manipulation of
embryonic tissues have allowed us to define the time when the
lens ectoderm becomes committed (determined) to form a
lens. Transplantations of the lens ectoderm at different stages
to the posterior of the embryo have allowed us to ascertain
that the late neurula stage (st. 21) is the time when lens
commitment becomes irreversible (i.e. no longer inhibited by
factors in the posterior of the embryo). We have recently
begun to investigate the molecular basis of this commitment
process, discovering that responsiveness to Wnt signaling
may be partially responsible. Before determination, Wnt
signaling can inhibit the lens-forming process, while after
determination it no longer can do so. The hypothesis that
emerges is that determination may involve the loss of
responsiveness to signaling pathways, thus making a
particular tissue immune to signals in surrounding tissues that
might otherwise reprogram the tissue. In parallel studies, we
are investigating key genes involved in retina formation, and
have identified a putative null mutation in the Rax homeobox
gene in Xenopus tropicalis that results in an eyeless
phenotype. The mutation can in large part be rescued by
injection of Rax mRNA. Several eye regulatory genes are
down regulated in mutant neurulae (e.g. Mab21l1, Mab21l2
and Lhx2) while others are not (e.g. Pax6). The mutant is now
being used to help untangle the interrelationships of key eye
regulatory genes that lead to formation of the retina. The lens
determination and retina work converge in studies where we
investigate lens formation in the Rax mutant. We have studied
the role of the Rax gene, and retina in general, in lens
formation because of the long history associating formation of
the lens with signals from the developing retina. Interestingly,
the lens is still specified in the Rax mutant, indicating that
retina formation is not required for establishing at least a
rudimentary lens, and thus suggesting that other tissues are
providing critical inputs into the lens-forming process. This
research is supported by NIH grants EY-18000 and EY-17400.

Conclusions: These studies provide proof-of-concept for
using pharmacological agents to treat genetic eye disease.
Future use of safer, more efficient readthrough drug
compounds could provide a practical treatment option for a
range of patients facing the prospect of blindness secondary to
nonsense mutations. The use of relatively safe drugs, such as
curcumin, as a prenatal therapy may limit the severity of
congenital colobomatous defects in families with such
phenotypes. These findings draw attention to the value of
zebrafish models of eye disease as useful pre-clinical drug
screening tools in studies to identify molecular mechanisms
amenable to therapeutic intervention.

Lens Development
O155
PROSPERO AND DPAX2 GENETICALLY INTERACT TO
FORM THE FLY CORNEAL LENS
T. Cook
Pediatric Ophthalmology and Division of Developmental
Biology, Cincinnati Childrens Research Foundation, Cincinnati,
OH, USA
Despite significant anatomical differences between the
vertebrate “camera eye” and the invertebrate compound eye,
growing numbers of studies have revealed that the molecular
mechanisms used for early retinal determination in both eye
types are highly conserved. Currently, however, little is known
regarding whether lens formation is similarly conserved. In the
Drosophila eye, the corneal lens forms from four Semper cells
(SCs) and two primary pigment cells (PPCs). The transcription
factor Prospero (Pros) is expressed in developing and mature
SCs, and the transcription factor dPax2 is expressed in SCs
and PPCs. While most studies have suggested that all SCs
are equivalent, we observe differing levels of Pros and dPax2
in these cells that suggest that distinct subpopulations of SCs
exist. We have explored this further by using gain and loss of
function studies, and find that Pros and dPax2 each contribute
to unique aspects of SC development. In addition, Pros and
dPax2 exhibit significant genetic interactions that suggest a
dual role in SC development for correct lens formation.
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. Thus, our
studies suggest that the Drosophila eye can serve as a useful
model for uncovering conserved pathways critical for lens
development across phyla.

O157
GENETIC AND EPIGENETIC REGULATION OF ZEBRAFISH
LENS DEVELOPMENT
J. Gross
Molecular Cell and Developmental Biology, University of
Texas at Austin, Austin, TX, USA
DNA methylation is one of the key mechanisms underlying the
epigenetic regulation of gene expression. During DNA
replication, the methylation pattern of the parent strand is
maintained on the replicated strand through the action of
Dnmt1 (DNA Methyltransferase 1). In mammals, Dnmt1 is
recruited to hemimethylated replication foci by Uhrf1
(Ubiquitin-like, Containing PHD and RING Finger Domains 1).
The roles of DNA maintenance methylation during vertebrate
embryonic development and organogenesis have been
elusive, owing largely to the early embryonic lethality of Uhrf1
and Dnmt1 knockout mice. Moreover, little is known about the
requirement for maintenance methylation during vertebrate
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eye development. Here, we report the characterization of lens
defects in uhrf1 and dnmt1 mutant zebrafish and demonstrate
that Uhrf1 functions during zebrafish embryogenesis for DNA
methylation. Recessive uhrf1 and dnmt1 mutants have
cataracts and severe defects in lens morphology, with mutant
lenses characterized by disorganized secondary fibers and
high degrees of apoptosis in the lens epithelium and lens
fibers. Loss of Uhrf1 or Dnmt1 function does not seem to affect
cell cycle exit of proliferating lens epithelial cells or the
expression of terminal differentiation markers by lens fibers.
uhrf1-/-; dnmt1-/- double mutants possess identical lens defects
to those of the single mutants, providing genetic support that
Uhrf1 and Dnmt1 interact during lens development.
Hypermethylation of gene promoters is typically associated
with reduced gene transcription and thus, we predicted that
loss of Uhrf1 and Dnmt1 function may lead to aberrant gene
expression in either the lens epithelium or differentiating lens
fibers, possibly contributing to the high levels of apoptosis
observed in uhrf1 and dnmt1 mutant lenses. Surprisingly,
however, despite substantial changes in overall gene
expression in uhrf1 and dnmt1 mutants, preliminary analyses
of the expression of several lens epithelial markers did not
detect them ectopically in differentiating lens fibers, nor did
they detect the expression of differentiation markers
ectopically in the lens epithelium. These data suggest that a
small number of specific genes may be misexpressed in the
lens, rather than global misexpression of multiple genes.
Taken together, these data support a model in which Uhrf1
facilitates Dnmt1-mediated maintenance methylation in vivo,
and that this is required for cell survival during vertebrate lens
development. Continuing studies are examining the molecular
underpinnings of these defects and utilizing high-throughput
approaches to identify the genome-wide changes in
methylation that occur in lens epithelial cells and lens fibers
during lens development.

pErk and pAkt) at E15.5. Proliferation was significantly
reduced and cell death was significantly increased by E15.5.
The mutant Frs2α lenses were approximately 50% smaller
than wild type lenses at E15.5 and exhibited fiber cell
dysmorphology and abnormal arrangement of cell nuclei in the
bow region. Fiber cell differentiation markers, including Prox1,
were expressed but at lower than control levels and in fewer
cells. p57Kip2 was also abnormally expressed in some
anterior epithelial cells and was retained in some maturing
fiber cells. In contrast, while deletion of Frs2α with MLR10-Cre
resulted in decreased pShp2, pErk and pAkt levels, these
lenses exhibited normal morphology through adulthood.
Conclusions: When Frs2α is deleted at E9.0 with Le-Cre lens
development is impaired, but the loss of Frs2α results in a
much milder phenotype than loss of Fgfr signaling. Deletion of
Frs2α mediated by MLR10, subsequent to the lens placode
stage, did not impair lens development despite reducing the
phosphorylation of downstream Fgfr targets. Therefore, the
loss of Frs2α does not phenocopy the loss of Fgfr signaling
during lens development.
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INTEGRIN LINKED KINASE (ILK) IS REQUIRED FOR LENS
EPITHELIAL CELL SURVIVAL AND PROLIFERATION
J. Teo1, L. McQueen-Miscamble1, K. Turner1, G. Martinez1, L.
Reneker2, S. Dedhar3, M. Robinson4, R. de Iongh1
1

Anatomy & Cell Biology, University of Melbourne, Parkville,
VIC, Australia, 2Ophthalmology, University of Missouri,
Columbia, MO, USA, 3British Columbia Cancer Research
Center, Vancouver, BC, Canada, 4Zoology, Miami University,
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While the role of growth factors in lens development has been
investigated extensively, the role of extracellular matrix
signaling is less well understood. The lens expresses
predominantly laminin-binding integrins (α3β1, α6β1), which
have been shown to be cooperatively required for epithelial
cell survival during embryonic development. In this study we
investigated the role of integrin linked kinase (ILK), which is a
downstream mediator of ECM-integrin signaling.
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IS FRS2 ALPHA AN ESSENTIAL MEDIATOR OF FGFR
SIGNALING DURING LENS DEVELOPMENT?
M.L. Robinson1, F. Wang2, P.J. Hensley1, B.D. Wagner1, B.P.
Madakashira1
1

Zoology, Miami University, Oxford, OH, 2Center for Cancer
and Stem Cell Biology, Texas A&M Health Science Center,
Houston, TX, USA

Using Cre-mediated recombination, we generated and
analysed mice that were conditionally null for Ilk in the lens.
We also generated transgenic mice that express a hyperactive
form of ILK in the lens.

Background and aims: Fibroblast growth factor receptors
(Fgfrs) are essential for lens cell survival and differentiation.
Among the Receptor Tyrosine Kinases (RTKs) expressed in
the lens, Fgfrs are unique in that much of their intra-cellular
signaling is mediated through Fibroblast Growth Factor
Receptor Substrate 2α (Frs2α). Upon activation by Fgfrs,
Frs2α recruits the downstream effectors Shp2 and Grb2 that
ultimately mediate the activation of AKT and ERK signaling
pathways. Although Fgfrs are capable of Frs2α-independent
signaling, Frs2α is required to achieve sustained Fgf-mediated
ERK activation in vitro. We hypothesize that Frs2α is required
for lens development and have deleted Frs2α in the
developing lens to test this hypothesis.

Consistent with its predominantly epithelial expression,
deletion of Ilk only resulted in an ocular phenotype if deleted in
both epithelium and fibres, not when deleted in fibres only. The
phenotype was characterised by thinning of the epithelium by
E17.5, loss of central epithelial cells by P2 and extensive fibre
cell degeneration and apoptosis by P10. Cell cycle analysis at
E17.5 showed significant inhibition (~50%) of epithelial cell
cycle progression (reduced BrdU, cyclin D1, cyclin D2 and
phospho-histone3 staining), but no significant changes in
epithelial markers (E-cadherin, Pax6). Loss of Ilk also
appeared to affect deposition of extracellular matrix (laminin
and collagen IV), with marked retention of collagen IV in
vesicles within differentiating fibre cells. Analysis of Erk and
Akt phosphorylation indicated marked depression of MAPK
and Akt signaling pathways in both the epithelium and fibres of
Ilk null lenses. At later stages (P2-P21), there was evidence
for reduced and delayed expression of fibre cell markers, βcrystallin, c-Maf, p57kip2 and p27kip1, but not Prox1. In P10
lenses there was abnormal accumulation of fibronectin and αsmooth muscle actin.

Methods: A conditional deletion of Frs2α exon 10 (encoding
all of the binding sites for Grb2 and Shp2) was mediated by
Le-Cre in all surface ectoderm-derived eye structures including
the lens initiating at E9.0, or by MLR10-Cre specifically in the
lens initiating at E10.5. Efficiency of deletion was assessed by
immunological detection of Frs2α in eye sections. Lenses were
analyzed by BrdU incorporation for cell cycle and by TUNEL
for apoptosis. Phosphorylation of downstream markers of Fgfr
signaling was assessed by immunohistochemistry.

In transgenic mice with ectopic expression of a hyperactive
kinase form of ILK (S343D) in the epithelium and fibres there
appeared to be normal lens development. Lens morphology
was normal with only subtle changes in epithelial cell

Results: The Le-Cre Frs2α knockout lenses displayed
dramatically reduced levels of total Frs2α and decreased
levels of phosphorylation in downstream Fgfr targets (pShp2,
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morphology, when epithelial cells were examined in explant
culture. Cells showed increased formation of lamellipodia, with
enriched localisation of transgenic hyperactive ILK at focal
contacts. Crossing this hyperactive ILK transgene onto the Ilk
null background resulted in complete rescue of lens
morphology and epithelial cell survival, but no marked effects
on cell proliferation.

These results provide the initial information toward our
understanding of NO and endothelin-1 physiology and
pathophysiology concerning the regulation of arteriolar tone
and may suggest important therapeutic targets for patients
with ocular diseases related to retinal vascular dysfunction.
O161

These data indicate that IK is required for epithelial
proliferation and survival and subsequent fibre cell
differentiation. Activation of ILK kinase activity affects epithelial
cell morphology, but is insufficient to initiate cell proliferation.

REGULATION OF EPISCLERAL VENOUS PRESSURE
J. Kiel
Ophthalmology, Univ of TX Health Science Center, San
Antonio, TX, USA

Vascular Dysregulation

Background and aims: Although thought to account for more
than 50% of normal intraocular pressure (IOP), the episcleral
venous pressure (EVP) is the least studied facet of aqueous
dynamics. The unique abundance of episcleral arteriovenous
anastomoses, muscular veins and variety of nerves and
neurotransmitters suggest the episcleral circulation and EVP
are well regulated and perhaps more dynamic than generally
assumed. Our laboratory has begun exploring this possibility.
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VASOMOTOR CONTROL OF HUMAN RETINAL
ARTERIOLES - MECHANISTIC INSIGHTS FROM IN VITRO
STUDIES
T. Hein1,2, R. Rosa Jr.2, L. Kuo2,3
1

Methods: The following variables were measured in
pentobarbital anesthetized rabbits: mean arterial pressure
(MAP), intraocular pressure (IOP) and orbital venous pressure
(OVP) by direct cannulation; carotid blood flow by transit time
ultrasound (BFcar), heart rate (HR) by a digital
cardiotachometer, and EVP by micropipette penetration with a
servo-null micropressure system. Responses to application of
a local anesthetic, a nitric oxide synthase (NOS) inhibitor, a
nitric oxide (NO) donor and several neurotransmitter agonists
and antagonists were determined.

Department of Surgery, Texas A&M Health Science Center,
Department of Ophthalmology, Scott & White Hospital,
3
Department of Systems Biology and Translational Medicine,
Texas A&M Health Science Center, Temple, TX, USA
2

Background and aims: Accumulating evidence suggests that
alteration in ocular blood flow is involved in the pathogenesis
of glaucoma and other ocular diseases. Although the arteriolar
segment contributes to flow regulation, there is sparse
information at the single microvessel level on how vasomotor
function is regulated in the human retina. We have previously
reported vasoreactivity and its underlying mechanisms in
isolated porcine retinal arterioles. The aim of our recent
studies has been to evaluate vasoreactivity of human retinal
arterioles in vitro for comparison.

Results and conclusions: Local anesthesia with
proparacaine decreases EVP indicating a tonic level of neural
vasodilatory tone. NOS inhibition with L-NAME also decreases
EVP and the NO donor nitroprusside reverses the effect
implicating nitridergic nerves as a possible source of
vasodilator
tone.
Adrenergic
nerves
may
provide
vasosonstrictor tone since the non-selective alpha adrenergic
antagonist phentolamine decreases OVP and the alpha-2
agonist brimonidine elicits a marked EVP reduction. Topical
and intravenous serotonin has no consistent effect on EVP
suggesting a limited role of serotonergic nerves in EVP
control. The results thus far are consistent with the hypothesis
that EVP is regulated.

Methods: Retinal tissues were obtained from eight patients
(60 ± 6 years old) undergoing enucleation at the Scott & White
Eye Institute after written informed consent with Institutional
Review Board approval. Human and porcine retinal arterioles
were isolated and pressurized to 55 cmH2O luminal pressure
for vasoreactivity study using videomicroscopic techniques.
Results: Isolated human (resting diameter = 43 ± 6 µm,
maximum diameter = 65 ± 4 µm) and porcine (resting diameter
= 50 ± 3 µm, maximum diameter = 82 ± 3 µm) retinal arterioles
developed myogenic tone and dilated dose-dependently to
bradykinin, adenosine, histamine, and sodium nitroprusside
with ~80% dilation at the highest doses. Stepwise increases in
luminal flow produced graded dilation with ~60% dilation at the
highest flow tested. Nitric oxide (NO) synthase inhibitor LNAME nearly abolished dilations to bradykinin and flow, and
attenuated adenosine- and histamine-induced dilations without
altering the response to nitroprusside. Endothelin-1 caused
dose-dependent
constriction
over
physiological
and
pathophysiological ranges (0.1 pM to 10 nM). Rho kinase
(ROCK) inhibitor H-1152 and phosphoinositide 3-kinase (PI3K)
inhibitor wortmannin blocked both myogenic tone and
endothelin-1-induced constriction. Responses of retinal
arterioles to all agonists and increased flow were similar
between pigs and humans.

Support acknowledgement: NIH RO1 009702
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VASCULAR AUTOREGULATION IN PATIENTS WITH
GLAUCOMA AND POSSIBLE CLINICAL IMPLICATIONS OF
ITS ALTERATION
G. Garhofer
Department of Clinical Pharmacology, Medical University of
Vienna, Vienna, Austria
In the healthy human eye, blood flow is highly autoregulated.
Bascially, autoregulation is defined as the ability of a vascular
bed to adapt to changes in ocular perfusion pressure
(pressure autoregulation) or to adapt to changes in metabolic
need (metabolic autoregulation). There is compelling evidence
now from animal and human experiments that the retinal
vasculature, as well as the optic nerve head circulation and to some extend - also the choroidal vasculature show
autoregulatory properties. Along this line of thought it has been
show that an experimental rise of ocular perfusion pressure
leads to vasoconstriction in the ocular vascular beds whereas
a decrease on perfusion pressure is followed by

Conclusions: Isolated human retinal arterioles dilate to
bradykinin and increased flow in an NO-dependent manner.
NO contributes, in part, to adenosine- and histamine-induced
vasodilations. Conversely, activation of PI3K and ROCK
signaling pathways mediates myogenic tone and endothelin-1induced vasoconstriction. Similarities in these vasoactive
responses and the underlying mechanisms between human
and porcine retinal arterioles support the latter as a viable
experimental model of the human retinal microcirculation.
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vasodilatation, both resulting in an almost constant blood flow
over a wide regulatory range. Equally, increasing the
metabolic demand, for example, by stimulation of the tissue
with diffuse flickering light, leads to a subsequent increase of
blood flow to assure sufficient metabolic supply. There is
increasing evidence that several ocular pathologies are
associated with compromised autoregulation. It has been
hypothesized that compromised autoregulation may lead to an
under- or overperfusion of the tissue and in turn to ischemia
and/or oxidative stress. This talk will summarize our current
knowledge of autoregulation in the ocular vascular beds.
Furthermore, the clinical implications of altered autoregulation
with special regard to glaucoma will be discussed.

to glaucoma patients with less marked dysfunction. For
example, compared to non-vasospastic glaucoma patients,
vasospastic glaucoma patients had greater increases in optic
nerve blood flow when the IOP was therapeutically reduced
(Hafez A.S. et al, 2005). Our purpose here was to study the
relationship between biomechanical properties of the eye
including surrogate measures of elasticity, and the degree of
glaucomatous visual field damage in a spectrum of subjects
ranging from normal to advanced glaucoma.
Methods: Cross sectional study of 296 subjects. Historical
Tmax, applanation IOP, dynamic contour tonometery, corneal
pachymetry, axial length, optic nerve head topography,
corneal hysteresis, and a novel measure of ocular elasticity
were measured in both eyes. Automated perimetric data (H
24-2 mean defect (MD)) was collected as well as clinical
history suggestive of vasospasticity. Correlations were
performed between visual field damage and combinations of
biomechanical factors, in the vasospastic and non-vasospastic
subjects.
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NEURONAL ACTIVITY INFLUENCES HEMODYNAMICS IN
THE PARAOPTIC SHORT POSTERIOR CILIARY
ARTERIES: A COMPARISON BETWEEN HEALTHY AND
GLAUCOMA SUBJECTS

Results and Conclusion: In non-vasospastic patients
correlations between biomechanical factors and visual field
damage were weak (R2= 0.001 to 0.13, p=0.80 to 0.006). In
vasospastic patients, the R² between MD and Tmax was 0.42
(p=0.001). When corneal pachymetry and axial length were
added using the Laplace equation this correlation improved,
and it improved further to R²=0.65, p=0.001 when factors
relating to ocular elasticity were included. Taken together with
other studies which will be presented, this data suggests that
vasospastic patients are more sensitive to biomechanical
stresses within the eye, and that ocular elasticity contributes to
these stresses.

O. Zeitz1, J. Mayer2, D. Hufnagel2, L. Wagenfeld2, G. Richard2,
M. Klemm2
1

Global Clinical Development - TA NOHI, Bayer Schering
Pharma AG, Berlin, 2Universitätsklinikum Hamburg-Eppendorf,
Hamburg, Germany
Background and aim: Perfusion of the retina is adapted to
the metabolic demand by neurovascular coupling. The present
study investigated the presence of neurovascular coupling in
the anterior part of the optic nerve in healthy and glaucoma
subjects.

Support acknowledgement: FRSQ, CNIB-CGCRC

Methods: Retrobulbar blood flow velocities were determined
by color Doppler imaging (CDI). Peak-systolic and enddiastolic velocities (PSV and EDV) in the central retinal artery
(CRA) or the short posterior ciliary artery (SPCA) were the
primary readout. CDI measurements were performed shortly
before, during, immediately after, 60 s after, and 120 s after a
10-Hz flicker stimulation of the retina.

Ocular Blood Flow
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REACTIVITY OF THE RETINAL VASCULATURE TO LIGHT
IN AGING

Results: Thirty-five glaucoma patients and 44 healthy control
subjects were included in the study. In the SPCA of healthy
controls, flicker stimulation led to a rise of PSV from 9.7±0.8 to
12.5±0.8 cm/s (P< 0.001; N=24) and of EDV from 2.4±0.3 to
3.6±0.3 cm/s (P< 0.001; N=24). This effect was not detectable
in glaucoma patients. In the CRA, flicker light led to an
increase of EDV from 2.1±0.2 to 3.0±0.3 cm/s (P=0.002;
N=20) in healthy volunteers and from 1.3±0.2 to 2.0±0.2 cm/s
in glaucoma patients (P=0.004; N=15). PSV was not affected
by flicker stimulation in either the healthy volunteers or
glaucoma patients.

J.V. Lovasik1, H. Kergoat1,2, M.-J. Kergoat2,3, N. Racine3,4, M.
Parent1
1

Optométrie, Université de Montréal, 2Institut Universitaire de
Gériatrie de Montréal, 3Médecine, Université de Montréal,
4
Institut de Cardiologie de Montréal, Montréal, QC, Canada
Background and aims: The introduction of digital imaging
techniques into clinical and research environments has
facilitated the detection of subtle ocular pathology and the
elaboration of the vascular physiology of the human retina.
The present study characterizes the static and dynamic
adaptations of the retinal vasculature that occur with age.

Conclusions: The data indicate the presence of
neurovascular coupling in the vascular bed supplied by the
paraoptic SPCA. The response pattern to the flicker stimulus
differs between healthy and glaucoma subjects.

Methods: Digital color fundus photographs were taken for the
right eye in 120 healthy adult volunteers (20-80 yrs). A Vessel
Map program (Imedos.de) was used to measure the caliber of
paired temporal arteries and veins along a 2700µm section of
vessel. Individual vessel thickness profiles were grouped by
subject age and retinal locus. The Ocular Perfusion Pressure
(OPP= 2/3BPmean-Intraocular pressure) was also determined
for each subject. The integrity of neurovascular coupling in the
neural retina and the vasomotor reactivity of retinal vessels
were assessed with a Dynamic Retinal Vessel Analyzer
(Imedos.de) that provided real-time measurements of vessel
caliber. The vasomotor response in a segment of paired
arteries and veins was recorded throughout a 12.5 Hz flicker
cycle of 60s ON, 60s OFF repeated 3 times. The
vasodilatation during flicker and vasoconstriction in recovery
was normalized to baseline for comparison across age groups.
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VASCULAR ENDOTHELIAL DYSFUNCTION IN
GLAUCOMA AND ITS INTERPLAY WITH OCULAR
BIOMECHANICS
M.R. Lesk, D. Descovich, J. Wang
Maisonneuve-Rosemont Hospital Research Centre and
Department of Ophthalmologyl, University of montreal,
Montreal, QC, Canada
Background and Aims: Several lines of evidence suggest
that glaucoma patients with vascular endothelial dysfunction
react differently to biomechanical stimuli in the eye, compared
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Data trends for response variables were evaluated for
significance by regression lines and ANOVAs (alpha = 0.05).

called neurovascular coupling. Previous animal experiments
indicate that nitric oxide plays a role in this process either
produced via endothelial or via neuronal nitric oxide synthase.
In the recent years several techniques have been proposed to
study neurovascular coupling in humans.

Results: While the OPP increased with age (p< 0.01), the
retinal arterial diameter decreased with age (p< 0.01). For the
20-year-old subjects, flicker elicited a biphasic increase in
retinal arterial caliber that reached a maximum of about 6% by
the end of Flicker. In the recovery phase, arteries constricted
rapidly and overshot baseline by ~ 2% and regained resting
levels within 60s. Retinal veins showed a similar response
profile but did not recover baseline during recovery. The
arterial rate and amplitude of vasodilatation, as well as the rate
of vasoconstriction decreased with age (p< 0.001). The
venous response profile remained constant. Furthermore, the
integrity of the arterial vasomotor reactivity, indexed by the
difference between vasodilatation and vasoconstriction,
decreased by about 50% across age groups (p< 0.01).

Methods: We used a commercially available system to study
retinal vessel diameters after stimulation with diffuse
luminance flicker (Dynamic Vessel Analyzer, Imedos, Jena
Germany). This system allows for the real-time measurement
of diameters of retinal branch veins and branch arteries. In a
couple of experiments in patients with diabetes we tested the
following hypotheses: 1. The retinal vessel response to flicker
stimulation is reduced in diabetes. 2. The altered vessel
response is not due a generally reduced vasodilator capacity
in diabetes. 3. The altered vessel response in patients with
diabetes is associated with altered vasodilator reactivity in the
forearm after cuff release, a classical measure of endothelial
dysfunction.

Conclusions: The progressive reduction in arterial caliber
with age may function to counter the increase in OPP. The
reduction in vasomotor reactivity during neurovascular
coupling is hypothesized to be the result of a reduction in
metabolic demand due to a non-pathological attrition of retinal
neurons with age. These changes must be considered before
any diagnosis of ocular pathology.

Results: A small scale study showed that the retinal flicker
response is reduced in retinal branch arteries of patients with
diabetes. Later this was confirmed in larger study populations
by other groups indicating a dependence on the stage of
diabetic retinopathy. In addition, these studies have shown
that the retinal venous diameter response to flicker stimulation
is also reduced in diabetes. This effect is seen at stages of
diabetes where the retinal vasodilator response to exogenous
nitric oxide is still normal. A weak but statistically significant
association between reduced retinal flicker responses and
reduced flow-mediated vasodilatation in the forearm was
found.

Acknowledgements: CFI, CIHR, NSERC.

O166
BI-DIRECTIONAL LASER DOPPLER VELOCIMETRY AND
SIMULTANEOUS VESSEL REFLECTOMETRY

Conclusion: Patients with diabetes have a reduced
vasodilator response in retinal branch arteries and veins after
flicker stimulation. This is unlikely the consequence of a
reduced general vasodilator reactivity of the diabetic retinal
microvasculature. The phenomenon may be due to endothelial
dysfunction, but other factors such as reduced neural activity
cannot be ruled out.

C. Hudson1,2
1

School of Optometry, University of Waterloo, Waterloo, 2Dept
of Ophthalmology and Vision Science, University of Toronto,
Toronto, ON, Canada
The Canon Laser Blood Flowmeter (CLBF, model 100) results
in the non-invasive quantification of retinal blood flow in
absolute units (µL/min). The instrument is based on:
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1). The Doppler measurement of centerline blood velocity; and
SUBFOVEAL CHOROIDAL BLOOD FLOW AND CENTRAL
RETINAL FUNCTION IN RETINITIS PIGMENTOSA

2). The simultaneous measurement of vessel diameter using
reflectometry / microdensitometry.

C.E. Riva1, B. Falsini2, G.M. Anselmi2, L. Montrone2, A.
Fadda3, M. Piccardi2, G. Iarossi2, E.C. Campos1

An eye tracking mechanism is also utilized to stabilize the
optical system on the chosen major retinal vessel (> 60µm).

1

University of Bologna, Bologna, 2Catholic University, 3Istituto
Superiore di Sanita, Rome, Italy

This presentation will describe the underlying methodologies
utilized in bi-directional laser Doppler velocimetry and
simultaneous vessel reflectometry. Post-acquisition data
analysis, assumptions made in calculation of flow, other
factors
and
extraneous
influences,
variability and
reproducibility and a brief review of the application of the
technique will be discussed.

Purpose: To determine whether subfoveal choroidal blood
flow (ChBF) is altered in retinitis pigmentosa (RP) patients and
whether this alteration is associated with central conemediated dysfunction.
Methods: ChBF was measured by real-time, confocal laser
Doppler flowmetry (LDF) and focal macular (18 deg) conemediated electroretinograms (FERGs) was recorded in 30
patients with retinitis pigmentosa (age range 35-64 yrs) and
relatively preserved visual acuity (range: 0.4-1.0). Twelve agematched control subjects were also examined. Subfoveal
blood volume (ChBVol), velocity (ChBVel) and ChBF were
determined as the average of three 60 sec recordings. FERGs
were recorded in response to 41 Hz flickering stimuli (average
of 2 repetitions of 600 events each). The amplitude and phase
of the Fourier-isolated 1st harmonic component of the FERG
were determined.

Implications for the design of futures instrumentation will be
discussed.
O167
NEUROVASCULAR COUPLING IN THE DIABETIC RETINA
L. Schmetterer, G. Garhöfer
Clinical Pharmacology, Medical University of Vienna, Vienna,
Austria

Results: In RP patients, ChBF and ChBVel were reduced by
an average of 28% (p < 0.01) compared to controls, while
average ChBVol was similar in the two groups. FERG
amplitudes were reduced by an average of 60% (p < 0.01) in
patients compared to controls. In patients, FERG phases

Background: A coupling exists between visually evoked
neural activity and vascular activity within the neural tissues of
the retina and the optic nerve head. This phenomenon is
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tended to be delayed compared to their values in the controls.
These delays were correlated (r = 0.50, p < 0.01) with the
corresponding values of ChBF and ChBVel. FERG amplitudes
were correlated (r = 0.49, p < 0.01) with ChBVol values.

Immunology of the Retina 2

Conclusions: The data suggest significant alterations of
subfoveal choroidal hemodynamic in RP patients. Smaller
ChBF values were associated with more abnormal FERG
delays and amplitudes, suggesting a link between ChBF and
central cone-mediated dysfunction in RP.

THE ROLE OF OCULAR PIGMENT EPITHERIAL CELLS IN
THE REGIONAL IMMUNITY OF THE EYE

O169

The eye has unique regional defence system to protect itself
from pathogenic activated T cells. It is well known that various
ocular resident cells have immune-regulatory functions. We
focused on three pigment epithelial cells (PE) in the eye, i.e.
iris PE, ciliary body PE, and retinal PE, and discuss the
molecular mechanisms by which ocular PE contribute in the
retional immunity of the eye.
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M. Mochizuki, S. Sugita
Ophthalmology & Visual Science, Tokyo Medical and Dental
University, Tokyo, Japan

THE EFFECTS OF K+ AND CL- CHANNELS ON RETINAL
BLOOD FLOW IN VIVO
M. Needham, P. Bankhead, N. Scholfield, T.M. Curtis, J.G.
McGeown
Centre for Vision and Vascular Science, Queen's University
Belfast, Belfast, UK

Iris PE suppresses activated CD4+ T cells by cell-to-cell
contact with a crucial role played by B7-2 molecule (CD86
molecule) on iris and cytotoxin T lymphocyte-associated
antigen (CTLA)-4 on T cells. The actual immunosuppressive
factor is membrane bound transforming growth factor-b (TGFb). In contrast, retinal PE suppresses activated CD4+ T cells
by soluble factors, such as soluble TGF-b and thrombospondin
1.

Background and aims: Constriction and dilatation of the
retinal arterioles regulate vascular resistance, thus controlling
retinal blood flow. The purpose of this study was to determine
what role specific K+ and Cl- channels play in the regulation of
rat retinal blood flow under basal conditions and in the
vasoconstrictor action of endothelin-1 (Et-1).

In addition to the direct T cell suppression by ocular PE, ocular
PE has a capacity to promote activated T cells to regulatory T
cells (T reg), and use them as a tool to amplify the immune
down regulation in the eye. CD8+ T cells are generated to
Foxp 3 gene expressing T regs by cell-to-cell contact to iris
PE. Molecules involved in the T reg generation are
thrombospondin 1, TGF-b, and interaction between B7-2
molecule on iris PE and CTLA-4 molecule on CD8+ T cells.

Methods: Hooded Lister rats (male, 320-450g) were
anaesthetised with an intraperitoneal injection of ketamine
(130 mg kg-1) and xylazine (17.5 mg kg-1). Fifteen minutes
prior to blood flow imaging, animals were intravitreally injected
(10ml) with Hanks' solution, the vasoconstrictor peptide Et-1,
or ion channel inhibitors in the absence or presence of Et-1. A
group of non-injected controls was also included. Volumetric
blood flow was assessed in arterioles within the superior
regions of the retina using acridine orange leukocyte
fluorography (to determine white cell velocity) and fluorescein
angiography (to determine vessel diameter) using a confocal
scanning
laser
ophthalmoscope
(HRA2,
Heidelberg
Engineering, Germany). Data are presented as means ± SEM.
The n values reported refer to the number of animals used for
each experiment (14-32 arterioles per group). Statistical
analysis was carried out using a nonparametric Kruskall-Wallis
test and Dunn's procedure for post hoc evaluation.

O171
OCULAR IMMUNE CONSEQUENCES OF TRAUMATIC
BRAIN INJURY
J. Stein-Streilein, R. Mathew, D.F. Chen, K.-S. Cho
Schepens Eye Research Institute, Harvard Medical School,
Boston, MA, USA

Results: In non-injected eyes, mean volumetric flow in single
arterioles was 12.31 ± 0.23 nL s-1 (n=9). This was unchanged
in eyes injected with Hanks' solution (12.79 ± 0.25 nL s-1, n=9,
P>0.05). Injection of the Cl- channel blocker, DIDS (10 mM),
increased volumetric flow (15.67±0.41 nL s-1, n=9, P< 0.001),
while injection of penitrem A (1mM), an inhibitor of largeconductance Ca2+-activated K+ channels, or correolide
(40mM), a Kv1 channel inhibitor, reduced flow rates
(11.24±0.36 nL s-1, n=11, P< 0.01 and 11.31±0.28 nL s-1;
n=10, P< 0.05, respectively). Intravitreal injection of Et-1
(104nM) induced marked vasoconstriction and a substantial
reduction in flow (4.64±0.16 nL s-1, n=8, p< 0.001). This
response was not affected by co-application of K+ channel
blockers (p>0.05 vs Et-1 alone), but was reversed in the
presence of DIDS (14.71±0.272 nL s-1, n=7, p< 0.001 vs Et-1).

Purpose: Previously we published that Retinal Laser Burn
(RLB) to one eye abrogated immune privilege in both eyes. In
an effort to understand how the contralateral eye was affected
in the absence of injury/inflammation or a break in the blood
ocular barrier, we postulated that neuronal signals might
induce the change in immune homeostasis.
Methods: We induced an injury to either of two areas of the
CNS: the optic nerve or to the right brain cortex (V2) in
C57BL/6 mice. Then, we assessed the effect of these injuries
on ocular immune privilege by testing if the mice were
susceptible to induction of anterior chamber immune deviation
(ACAID) by injecting antigen into the anterior chamber (a.c.) of
either eye at various times post injury. A week later we
deliberately immunized with the same antigen to test if the
mice were tolerant. If the mice developed ACAID in response
to the a.c. inoculation of antigen, they would be
immunologically tolerant to the antigen immunization. To
assess the effectiveness of the immunization the mice were
challenged in their ear pinnae and the thickness of the ear was
measured as an indication of antigen specific delayed
hypersensitivity (DH) a week later. Other experiments tested if
a known neuroinflammatory peptide (Substance P) contributed
to the loss of ACAID by co-injecting SPANTIDE 1 (the
antagonist for its receptor, neurokinin1R, NK1R) during ACAID
induction.
Results: Mice without injury showed a classic suppression of
DH post induction of ACAID. Mice that received either an optic

Conclusion: These results suggest that K+ and Cl- channels
play an important role in controlling basal blood flow in the
retina. Ca2+-activated Cl- channels appear to play a key role in
mediating the vasoconstrictor actions of Et-1 in the retinal
circulation.
Acknowledgements: This work was supported by grants from
the European Social Fund, JDRF and The Wellcome Trust.
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nerve crush or a brain injury were unable to develop ACAID as
late as 21 days post the injury. The coinoculation of
SPANTIDE 1 with antigen in the anterior chamber did not
restore ACAID post optic nerve crush.
Conclusions: The unexpected observation that CNS injury
profoundly affected ocular immune privilege mechanisms
suggests a role for a CNS derived neuropeptides signal.
However, initial studies showed that the neuropeptide
responsible for loss of ACAID was not Substance P. Ocular
immune privilege may be vulnerable to multiple inflammatory
mechanisms emanating from the CNS post-traumatic brain
injury. This research was supported in part by NIH grant:
EY011983; DOD W81XWH.

Centre for Vision & Vascular Sciences, Queen's University
Belfast, Belfast, 2Section of Immunology and Infection,
University of Aberdeen, Aberdeen, UK
Background and aims: Although cataract surgery is most
often associated with restoration of revision, in several
instances this intervention may lead to worsening of preexisting retinal disease and visual loss. In patients with agerelated macular degeneration (AMD), cataract surgery may
accelerate AMD progression and induce choroidal
neovascularisation. The detailed mechanism underlies this
clinical complication remains to be elucidated. It has been
hypothesised that intraocular inflammation, increased free
radicals and/or growth factors and increased light exposure
during or after surgery could be possible mechanisms.
However, direct evidence supporting this hypothesis is lacking.
In this study we investigated how the retina might be affected
by cataract surgery using an experimental rodent model.
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THE ROLE OF MELANOCORTINS IN THE RETINA

Methods: Right eyes of 3-month old C57BL/6 mice were
undergone extracapsular lens extraction. At different time
points following surgery, animals were sacrificed and retinas
were obtained from operated and contralateral eyes. Gene
transcription and protein expression of the inflammatory
pathway were examined by real-time PCR and
immunohistochemistry.

D. Lee, A. Taylor
Schepens Eye Research Institute, Boston, MA, USA
Aims: Following resolution of experimental autoimmune
uveitis (EAU) TGF-β producing Treg cells emerge in the
spleen, but not in post-EAU Melanocortin 5 Receptor knock
out (MC5r(-/-)) mice. MC5r is a receptor for α-MSH, an
important mediator of immunosuppression within the eye.
These post-EAU Treg cells require activation by post-EAU
antigen presenting cells (APC). The aim of this study was to
determine the role of MC5r in the development of post-EAU
Treg cells and post-EAU APC.

Results: Two hours after cataract surgery, genes encoding
the inflammatory cytokine IL-1β and chemokine CCL2 were
marked up-regulated in the retina of surgery eyes. Upregulation in IL-1β and CCL2 genes lasted for over two weeks.
Other genes such as TGF-β and FGF were also up-regulated
at 48 h and 1 week post-operation, although to fewer degrees.
Furthermore the expression of IL-1β gene was also increased
in the non-surgery (contralateral) eyes of mice that had
undergone lens extraction in the other eyes as compared with
the eyes of non-operated mice. Immunohistochemistry studies
confirmed that the upregulation in IL-1β and CCL2 genes led
significant enhancements in protein expression in the retina.

Methods: EAU was induced in C57BL/6J and MC5r(-/-) mice to
characterize the IRBP-specific T cell response that emerges in
the spleen. EAU splenocytes were stained for regulatory T cell
markers, analyzed by flow cytometry, and the EAU T cells
were assayed for TGF-β, IFN-γ, and IL-17 production.
Combinations of wild-type and MC5r(-/-) post-EAU T cells and
APC were adoptively transferred into wild-type EAU mice to
assay for regulatory activity. Spleen APC collected at different
times were used to activate IRBP-specific Th1 cells, and the T
cells were analyzed by flow cytometry for cytokine production.

Conclusions: We show in this study that cataract surgery
induces retinal innate immune activation manifested as
increased IL-1β and CCL2 expression and production.
Increased IL-1β and CCL2 may play a role in the development
of the cataract surgery -associated retinal complications. They
may also play important roles in accelerated AMD progression
in ARM patients undergone this surgery. Controlling the
production of these molecules could be a means of preventing
retinal complications.

Results: During EAU we found the IRBP-specific T cell type in
the spleen was initially dominated by Th1, then by Th17, and
finally Treg cells at resolution. This progression did not occur
in the MC5r(-/-) EAU mice, it instead progressed from Th1 to
Th17, and then back to Th1 at resolution. In wild-type mice the
post-EAU IRBP-specific T cells were TGF-β producing
CD4+CD25+ cells that suppressed EAU when adoptively
transferred into other EAU mice. Also, it was possible to
suppress EAU by adoptive transfer of spleen T cells from postEAU MC5r(-/-)mice when the T cells were first activated in vitro
by wild-type post-EAU spleen APC. This was not possible with
WT post-EAU T cells activated with post-EAU MC5r(-/-) APC. In
addition, we observed a progressive decrease in the ability of
spleen APC during EAU in the WT mice to stimulate IFN-γ
production in IRBP-specific T cells.

Basic Mechanisms
O174
INTENSIVE BINOCULAR TRAINING USING AN
ORIENTATION-IN-NOISE STIMULUS PROMOTES
RECOVERY FROM EARLY VISUAL DEPRIVATION

Conclusions: The results demonstrate that resolution of EAU
in mice is associated with a change in the dominate IRBPspecific CD4 T cell type in the spleen, and this is mediated by
changes in the APC that are dependent on the melanocortin
pathway.

K. Murphy, G. Roumelitois, D. Jones
McMaster Integrative Neuroscience Discovery & Study
Program, McMaster University, Hamilton, ON, Canada
Binocular visual experience is necessary for the normal
developmental fine tuning of neural circuits in the visual cortex
and the emergence of optimal signal-to-noise processing.
Even a temporary impairment to the vision of one eye can lead
to poor vision in the deprived eye, a condition called
amblyopia. The deprivation induced loss of visual acuity and
changes to the central visual pathway are not necessarily
permanent, especially if treatment is begun during the critical
period. Although patching therapy can promote recovery of
vision in the amblyopic eye, often that recovery is transient,
especially if full-time patching is used. A number of studies

Support: PHS grant R01EY0010752 and T32EY007145
O173
CATARACT SURGERY-ELICITED RETINAL
INFLAMMATON
M. Chen1, J. Forrester2, N. Lois2, H. Xu1
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have suggested that binocular vision plays a special role
during recovery after visual deprivation. Perhaps by driving
interactions between intraocular facilitation and interocular
suppression that affect the balance between excitatory and
inhibitory circuits and facilitate synaptic plasticity in visual
cortex. Another approach taken to developing better treatment
for amblyopia has used intensive visual training of adult
human amblyopes to promote recovery. Many of those studies
have used stimuli with added visual noise to challenge the
visual system of adult amblyopes and promote adaptive
plasticity. The use of visual noise stimuli reflects an emerging
view that the visual deficits in amblyopia are due to increased
neural noise and poor signal-in-noise processing. All of the
intensive training studies, however, have used monocular
training of the amblyopic eye. This leaves open the question of
whether intensive binocular visual training can promote
optimal recovery. In this study, we combined binocular vision
and intensive training with a visual noise stimulus to determine
whether this paradigm is effective in promoting better recovery
after early monocular deprivation. We have developed an
animal model to study the role of intensive training on recovery
from early monocular deprivation and used a novel orientationin-noise stimulus that is high contrast while still perceptually
challenging. We found that intensive binocular training with the
orientation-in-noise stimulus during early development or in
adolescence is an effective regimen for promoting good visual
recovery. Surprisingly, we also found that the short period of
monocular deprivation affected the vision of both eyes on the
orientation-in-noise task.

degradation of CSPGs by the bacterial enzyme chondroitinase
ABC (ch-ABC) can restore experience-dependent plasticity in
the adult rat visual cortex. We aimed to test ch-ABC on cats, a
species whose visual cortex has a functional architecture more
similar to humans and which develops amblyopia under similar
circumstances.
MD was imposed throughout the classical critical period. The
deprived eye was then reopened and the functional
architecture of the visual cortex was assessed by optical
imaging of intrinsic signals. Following the initial imaging
session, ch-ABC was injected into one hemisphere. Imaging
was repeated 1 and 2 weeks post-injection. After the final
imaging session, VEPs and single-cell activity were recorded.
The brain was removed and stained using an antibody that
labelled the epitope created after CSPG digestion.
We found that after 2 weeks of binocular exposure in the
presence of ch-ABC some recovery of deprived-eye
responses occurred when the enzyme was injected into the
hemisphere contralateral to that eye; when injected into the
ipsilateral hemisphere, no recovery was seen. Deprived-eye
VEPs were very small or absent in either hemisphere. Singlecell recordings revealed that the few neurons dominated by
the deprived eye had poor stimulus selectivity. Substantial
CSPG digestion was detected by immunostaining in all
animals.
These results suggest that ch-ABC does not restore plasticity
sufficiently to enable significant functional recovery of the
deprived (amblyopic) eye.
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NEURAL CORRELATES OF AMBLYOPIA
L. Kiorpes
Center for Neural Science, New York University, New York,
NY, USA
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Psychophysical studies in human amblyopia show extensive
losses in higher order

A DEEPLY IMBEDDED PREFERENCE FOR CONCORDANT
BINOCULAR INPUT IN THE POSTNATAL DEVELOPMENT
OF THE VISUAL SYSTEM OF CATS

perceptual abilities, in addition to those commonly captured by
basic measures such as acuity and contrast sensitivity.
Amblyopic macaque monkeys also show extensive deficits in
higher order abilities such as global form and motion
perception, and perceptual organization. Neurophysiological
studies of striate and extrastriate cortex in behaviorally
characterized amblyopic monkeys show that some aspects of
amblyopia are reflected in the properties of single neurons,
while additional losses are captured via population analyses.
Direct comparison of behavioral and neural losses suggest
that some but not all of the amblyopic deficit can be accounted
for at the level of striate and extrastriate cortex, but that
additional downstream losses are likely.

D. Mitchell
Psychology, Dalhousie University, Halifax, NS, Canada
Patterned visual input in early postnatal life is essential for the
normal development of the mammalian central visual
pathways and the visual capacities they sustain. At birth,
visual input is processed by, and acts upon, a visual pathway
that has developed to this point according to programs of gene
action. The early postnatal visual input thus acts upon an
anatomical and physiological substrate that may set limits to
its ability to affect the further development of the visual
pathways. I will describe the results of experiments conducted
on kittens that were reared with mixed visual input each day,
that pitted episodes of normal against abnormal visual
exposure, specifically intervals of normal binocular and
monocular exposure. Short periods of concordant binocular
input, if continuous, can offset or protect against much longer
episodes of monocular deprivation to allow the normal
development of vision. The outcome for vision appears to be
determined by the proportion of daily visual exposure that is
binocular rather than by the absolute amount of such
exposure. Experiments conducted on animals monocularly
deprived from birth to the time that mixed daily visual input
was imposed reveal an equally strong preference for
concordant binocular visual input even over input matched to
that they had received in the prior period of monocular
deprivation. The results suggest a primary role be placed on
binocular stimulation in the treatment of amblyopia.
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EXPERIENCE-DEPENDENT PLASTICITY IN THE VISUAL
CORTEX: HOW TO TREAT AMBLYOPIA IN ADULTHOOD
F. Sengpiel
School of Biosciences, Cardiff University, Cardiff, UK
Amblyopia is the most frequent childhood disorder of vision,
yet there is no cure if it persists into adulthood. Monocular
deprivation (MD) by lid suture is the most widely studied
animal model of amblyopia, and more generally, it is a
classical paradigm for studying the biological basis of plasticity
in the brain. Extracellular matrix (ECM) molecules have an
important role in restricting plasticity in the adult visual cortex.
Chondroitin sulphate proteoglycans (CSPGs) are a major
component of the ECM. Previous studies revealed that
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lymphatic vessels are invisible at that magnification level. Here
we discuss recent advances in imaging corneal blood and
lymphatic vessels as well as immune cells in vitro, as well as
in vivo. Novel imaging techniques in vivo include confocal
microsocpy as well as multiphoton imaging. These novel
tecniques will allow for better analysis of the interactions of
immune cells and corneal blood and lymphatic vessels.

NEURAL INTERACTIONS OF PATTERN PERCEPTION IN
HUMAN AMBLYOPIA: AN MEG STUDY
F. Cortese1, H.C. Goltz1, D.O. Cheyne2, A.M. Wong1
1

Ophthalmology & Vision Sciences, 2Diagnostic Imaging,
Hospital for Sick Children, Toronto, ON, Canada
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Background and aims: We investigated the neural activity of
early and later visual cortical areas and their functional
interconnectivity during monocular and binocular pattern
perception in adults with strabismic amblyopia by using eventrelated synthetic aperture magnetometry (er-SAM) minimumvariance beamformer coupled with the partial least squares
(PLS) multivariate statistical approach.

3D CONFOCAL CORNEAL RECONSTRUCTION FOR
STUDYING THE CORNEAL STRUCTURE
O. Stachs1, S. Allgeier2, A. Zhivov1, R.F. Guthoff1
1

University of Rostock, Rostock, 2KIT, Karlsruhe, Germany

Methods: Prior to MEG recording, 5 adults with strabismic
amblyopia and 10 visually normal adults performed a
behavioural experiment in which subjects detected Glass
patterns (radial or rotational) monocularly and binocularly. The
signal strength (% of correlated dot-pairs) of the Glass
patterns was varied to determine the level at which the subject
perceived the pattern 80% of the time. During MEG recording,
the signal strength of the Glass pattern was set at the 80%
performance level so that the amblyopic and/or fellow eyes in
patients with amblyopia and healthy eyes in the visually
normal were stimulated equally across subjects and across
patterns.

In-vivo confocal microscopy is a powerful tool for analysis of
living corneal tissues of both laboratory animals and human
patients. It allows a real time sectioning of the tissue at the
cellular level. Published research applications of confocal
microscopy includes quantification of cell layers of epithelium,
stroma and endothelium, morphological changes in aging eye,
by contact lens wearers, wound healing after refractive
surgery,
cross-linking,
glaucoma
surgery,
pathogen
identification by inflammatory diseases, etc.
Recently, several working groups reported a 2-dimensional
reconstruction map of the living human cornea. Moreover,
Zhivov published results of 3-dimensional reconstruction of
corneal surface and epithelium. All these studies were
performed off-line, i.e. mapping needs an external software
support for the image processing. The applanation artifacts
like tissue folds, compression of the epithelium as well as of
the cornea as whole and possible mechanical surface
distortions lead to the problems of image rendering and so far
to the quality decrease and time consuming of line processing.

Results: Monocularly, pattern perception by amblyopic eyes
required higher signal strengths when compared to fellow and
healthy eyes. Binocularly, pattern perception improves for
healthy eyes but is only as good as fellow eye viewing for
patients with amblyopia. Using er-SAM and PLS, brain activity
maps revealed bilateral activation in early visual areas
(V1/V2), lateral occipital complex (LOC), and inferior parietal
(IP) area shortly and ~250 ms after visual presentation for all
subjects and all viewing conditions. Time course analysis of
the source waveforms at these brain locations revealed a
different pattern of interaction between early and later visual
areas when stimulating the amblyopic eye than was observed
for fellow and healthy eyes in monocular conditions. Different
patterns of interaction between these brain regions also
occurred between groups in the binocular conditions.

In this paper we present recent results in 3D imaging and new
methods to overcome the problem of anterior corneal mosaic
in confocal imaging and reconstruct artefact-free images of
subbasal nerve plexus, facilitating qualitative and possibly
quantitative morphometric analysis in the presence of anterior
corneal mosaic ridges.

Conclusions: Abnormal visual input has created abnormal
neural development in people with amblyopia. Previous
studies have suggested that the neural basis of amblyopia is
either in early visual areas or beyond V1. We are suggesting
that the neural basis of amblyopia may be related to an
abnormal interaction between early visual and extrastriate
cortices and is reflected by both monocular and binocular
viewing.
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NOVEL IMAGING APPROACHES FOR EXAMINING THE
HUMAN CORNEAL ENDOTHELIUM AFTER
TRANSPLANTATION
N. Lagali1, U. Stenevi2, P. Fagerholm1, M. Claesson2, C.
Hanson2, B. Weijdegård2
1

Institute for Clinical and Experimental Medicine, Linköping
University, Linköping, 2Sahlgrenska Academy, Göteborg
University, Göteborg, Sweden

Advances in Corneal Imaging: From Basic
Science to Clinical Application

The corneal graft is the most common and most successfully
transplanted solid organ, however, grafts can fail due to a
poorly functioning or non-functioning endothelial cell layer.
Although the quality of donor corneal endothelium can be
controlled prior to transplantation, there is a lack of suitable
methods for assessing the status of the graft endothelium
post-transplantation. As a result, the specific mechanisms
underlying endothelial decompensation, late endothelial
failure, and post-transplantation endothelial cell attrition are
largely unknown. Through the use of both in-vivo and ex-vivo
approaches, we have recently been able to image the
endothelial surface of human grafts to gain deeper insights
into mechanisms that influence graft survival. We describe a
new method to harvest the endothelial cell layer from failed
grafts, from which individual cell origin can be subsequently
determined by fluorescent in-situ hybridization of the sex
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ADVANCED IMAGING TECHNIQUES FOR STUDYING
CORNEAL (LYMPH)ANGIOGENESIS
C. Cursiefen, F. Bock
University of Erlangen, Erlangen, Germany
The normal cornea is devoid of both blood and lymphatic
vessels. Nonetheless both vessel types can invade the cornea
in case of corneal inflammation. That not only reduced corneal
transparency, but also significantly increases the rate of graft
rejections after subsequent keratoplasty. Whereas pathologic
corneal blood vessels can be seen at the slit-lamp, corneal
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chromosomes of the cells. By this technique, we have imaged
the dynamic nature of the graft endothelium posttransplantation, and noted that the exchange of donor and
recipient endothelial cells can be rapid and highly variable.
Such an analysis, however, is limited to observations at a
single point in time. On the other hand, in contrast to ex-vivo
techniques, in-vivo imaging techniques such as specular
microscopy, in-vivo confocal microscopy, and anterior
segment optical coherence tomography can enable the
repeated, non-invasive assessment of the graft endothelium in
patients. In particular, we have recently used optical
coherence tomography to study the spatio-temporal
characteristics of the graft endothelial surface in patients posttransplantation. Such information cannot be obtained by any
other in-vivo technique. By this imaging method we have noted
specific features of the graft endothelium that could influence
cell migration, survival, and possibly the long-term outcome of
the graft. The implications of our findings will be discussed, as
well as the challenges and opportunities of using various
approaches for imaging the graft endothelium.

Ophthalmology and Biomedical Engineering, The Ohio State
University, 2Vision Optimization, LLC, Columbus, OH, USA
Purpose: The objective of this project was to measure corneal
biomechanical properties in vivo for the purpose of patient
screening, monitoring of disease progression, and evaluation
of various treatment outcomes for applications in cornea and
glaucoma.
Methods: A prototype device was constructed based on a
noncontact air-puff tonometer and a rasterstereographic
corneal topographer (RCT) with off-axis geometry. The RCT
has both a grid projection arm at a fixed angle from the central
axis and an image capture arm at a fixed angle from center in
the opposite direction, allowing the air-puff to be aligned
centrally on the cornea. Fluorescein is instilled onto the
cornea, and the fluorescent emissions are excited by the
projected grid, an image of which is then captured that
contains the three-dimensional information from the corneal
surface. For dynamic corneal topography (d.RCT), a moderate
speed, low cost digital camera is incorporated in the image
capture arm, and the RCT subassembly is triggered by the airpuff subassembly to capture at the peak air-puff pressure,
which corresponds to maximum deformation of the cornea.
This is approximately 12ms from initiation of the air-puff. Two
images are acquired, both pre-deformation and middeformation. Biomechanical properties can then be
determined by measuring corneal shape and displacement
between the pre-deformation state and the mid-deformation
state. Stiffness is a function of applied force and surface
displacement, the spatial variation of which can be computed
at hundreds of points across the cornea. With the additional
input of pachymetry from a separate device, elasticity and
viscosity can be computed using a published model of corneal
viscoelasticity, based on the applied force and the stress-strain
relationship of discrete surface segments across the cornea.
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CORNEAL ELASTICITY IMAGING WITH HIGH-SPEED OCT
W. Dupps1, M. Ford2, A. Rollins2, A. Sinha Roy3
1

Ophthalmology, Biomedical Engineering, Transplant,
Cleveland Clinic, 2Biomedical Engineering, Case Western
Reserve University, 3Ophthalmology, Cleveland Clinic,
Cleveland, OH, USA
A critical barrier to understanding the pathogenesis of
keratoconus and to developing more sensitive and specific
diagnostic criteria has been a lack of techniques for
characterizing biomechanical properties in vivo. We describe
an optical coherence tomography (OCT)-based corneal
elastography system for high-resolution 3-dimensional
mapping of corneal displacement behavior capable of
addressing the cornea's mechanical anisotropy on a casespecific basis. This technique utilizes intracorneal speckle
patterns—a feature of coherent light—as intrinsic tissue
markers for tracking deformation in three dimensions in
response to applied stress. Displacement tracking is achieved
through a cross-correlation algorithm that generates corneal
displacement matrices describing the magnitude and direction
of tissue movements across image volumes. Knowledge of the
applied stress allows local calculations of tissue elastic
modulus and other viscoelastic properties such as hysteresis
and Poisson's ratio. Proof of concept studies have assessed
the ability of OCT-based elastography to repeatably quantify
spatial differences in intrastromal displacement induced by a
physiological
pressure
perturbation
or
displacement
perturbations delivered with a clinical goniolens. Preliminary
results in human whole-globes are consistent with
ultratructural evidence for lower material strength in the deep
stroma and much lower resistance to bending than to strain in
the plane of collagen lamellar orientation. Preliminary wholeglobe data has also demonstrated the capability to measure
the spatial mechanical effects of collagen crosslinking. This
work complements ongoing efforts to develop whole-eye finite
element models with patient-specific anterior segment
geometries that can better predict the clinical response to
corneal surgery if populated with appropriate material property
data.

Results: The prototype device has been used to measure
deformation geometry in a living volunteer with a normal
cornea. The deformation image shows a circumscribed
concavity in the center of the cornea. The relative corneal
strain and depth of corneal displacement can be measured.
However, absolute numbers cannot be determined until
calibration is complete.
Conclusions: The feasibility of a noncontact device for
measuring spatial variation of corneal stiffness, elasticity and
viscoelasticity, has been successfully demonstrated in vivo.
Future applications of this device include screening for
subclinical keratoconus prior to refractive surgery, as well as
monitoring disease progression and treatment outcomes in the
case of corneal collagen cross-linking. In addition, it may be
useful in glaucoma for determining risk of progression and
predicting severity of symptoms.
O184
CORNEAL TOMOGRAPHY (3D CHARACTERIZATION OF
CORNEAL ARCHITECTURE) AND BIOMECHANICAL
ASSESSMENT: DEFINING ECTASIA SUSCEPTIBILITY
R. Ambrósio Jr
de Janeiro Corneal Tomography and Biomechanics Study
Group, Pontific Catholic University / Inst. Olhos R. Ambrósio,
Rio de Janeiro, Brazil
Corneal evaluation has evolved from central keratometry to
surface topography using Placido´sbased computerized
videokeratography. Corneal tomography provides a 3D picture
of the cornea and enables further characterization beyond
central ultrassonic pachymetry. Corneal biomechanics
assessment is a new area of interest and these measurements
also plays a major role for a more complete corneal
evaluation.
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DYNAMIC CORNEAL SURFACE TOPOGRAPHY: IN VIVO
MEASUREMENT OF BIOMECHANICAL PROPERTIES
C. Roberts1,2, J. Marous2, A. Mahmoud1
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inducers of gliosis in Müller cells. Gliotic Müller cells are also
impaired in glutamate uptake and metabolism, which
compromises their role in glutamate homeostasis and
photoreceptor neuroprotection. In addition, activated Müller
cells express chemokines that are likely to be involved in
recruiting macrophages into the retina. In summary, our
studies suggest that Müller cells have both beneficial and
detrimental effects in a context-dependent manner determined
by specific molecular pathways induced by gliosis.

This paper summarizes the current status of corneal
tomography
using
Scheimpflug-based
system
and
biomechanical analysis from the corneal response to the air
puff. New metrics related to corneal elevation and pachymetric
distribution are discussed, along with new biomechanical
parameters beyond corneal hysteresis. These metrics are
critical to improve diagnostic capabilities for many clinical
scenarios, including screening ectasia and the evaluation of
ectasia susceptibility among refractive candidates.

Supported by NIH grants, FFB and unrestricted funds from
RPB, Inc.

The Multi-Faceted Role of Muller Glia in
the Neural Retina - Potential Tool for
Restoration of Retinal Function
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MOLECULAR RESPONSES IN MÜLLER GLIA THAT
TRIGGER THEIR DEDIFFERENTIATION AND
REPROGRAMMING INTO NEURONAL PROGENITORS

NEUROPROTECTIVE ROLE OF MÜLLER CELLS AND
ASTROCYTES IN THE NEURAL RETINA

P. Raymond
D. Fischer
Molecular, Cellular, and Developmental Biology, University of
Michigan, Ann Arbor, MI, USA

Exp. Neurology, University of Ulm, Ulm, Germany
After optic nerve injury retinal ganglion cells (RGCs) normally
fail to regenerate axons in the optic nerve and undergo
apoptosis. However, lens injury (LI) or intravitreal application
of zymosan or Pam3Cys switch RGCs into an active
regenerative state, enabling these neurons to survive axotomy
and to regenerate axons beyond the injury site of the optic
nerve. We and others have identified retinal astrocytes and
Müller cells as the main source of factors mediating these
beneficial effects. The expression of the cytokines ciliary
neurotrophic factor (CNTF) and leukemia inhibitory factor (LIF)
is strongly upregulated in retinal astrocytes and Müller cells in
response to LI or zymosan and the major downstream
signalling pathway of the glial-derived cytokines, the
JAK/STAT3-pathway, is activated in RGCs. In CNTF deficient
mice, the neuroprotective and axon growth promoting effects
of LI are significantly reduced compared with wild-type animals
and completely abolished in CNTF/LIF double knockout mice.
In culture, CNTF and LIF markedly stimulated neurite
outgrowth of mature RGCs. Thus, glial-derived cytokines
potently protect RGCs from cell death and stimulate axon
regeneration in the injured optic nerve.

Zebrafish (Danio rerio) have robust capacities for regenerative
cell replacement and repair in many different organs and
tissues, including the neural retina, and offer a powerful, in
vivo, genetic model to examine the molecular mechanisms of
regeneration in an adult vertebrate. With a light-lesion
paradigm and a stable transgenic line in which GFP is driven
by the cis-regulatory sequences of a glial specific marker gfap,
we showed that Müller glia, the radial glial cells in the retina,
proliferate after photoreceptor loss and give rise to neuronal
progenitors that eventually differentiate into regenerated
photoreceptors. To identify the molecular mechanisms that
initiate this regenerative response, Müller glia were isolated
from transgenic fish during the early stages of regeneration
and gene expression profiles were generated by microarray
analyses. A comparison of transcriptional profiles from
regenerating tissues derived from different zebrafish organs
(fin, heart, retina) uncovered a common set of genes involved
in activation of the stress response, regulation of innate
immunity and cytokine signaling in response to injury, as well
as regulators of the major signaling pathways implicated in
development (TGFb, Fgf, Wnt, Hedgehog, Notch, retinoic
acid). Unexpectedly, expression of zebrafish homologs of
several human holoprosencephaly genes (TGIF, GLI2, ZIC2
and SIX3) was enhanced in the neurogenic Müller glia.
Results of genetic analysis with mutants and morpholinomediated gene knockdown of candidate genes will be
discussed.
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MOLECULAR DISSECTION OF REACTIVE GLIOSIS IN
RETINAL MÜLLER CELLS
V. Sarthy
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Ophthalmology, Northwestern University, Chicago, IL, USA
Neuronal degeneration, injury or infection in the CNS is
accompanied by molecular and morphological changes in
neighboring glial cells, termed reactive gliosis. Similarly, Müller
cells exhibit reactive gliosis in a wide variety of ocular
conditions. Although Müller cell gliosis is a ubiquitous hallmark
of all retinal pathologies, we know very little about the nature
and significance of changes in reactive Müller cells, and how
gliosis impacts on neuronal survival or retinal pathology. This
is in contrast to the extensive knowledge of Müller cell
functions in normal retina. Recent microarray data indicate that
a small set of genes is upregulated in gliotic Müller cells.
These include CCAT enhancer binding protein, GFAP,
ceruloplasmin, lipocalin, endothelin 2, Fibroblast Factor 2,
Oncostatin M receptor and SOCS3. I will describe recent
studies on the effect of knocking out some of these genes on
photoreceptor degeneration in mice. Interestingly, many of
these genes are also activated in Müller cells treated with
CNTF, which suggests that CNTF might be one of the

LOSS OF AMACRINES NOT PHOTORECEPTORS
STIMULATES REGENERATION OF AMACRINES IN ADULT
MOUSE RETINA IN VIVO
M.O. Karl1,2, K. Tan2, S. Sudar2, T.A. Reh2
1

CRTD / DFG-Center for Regenerative Therapies Dresden,
Dresden, Germany, 2Biological Structure, University of
Washington, Seattle, WA, USA
Background and aims: Retinal regeneration is well
established in non-mammalian vertebrates. Recent reports
have found that to a limited extent similar processes can be
induced in adult rodent retina. Here we tested for neuronal
regeneration after light damage of photoreceptors in
comparison to neurotoxic damage of retinal interneurons and
ganglion cells of adult murine retina in vivo.
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Cataract I: Environmental and AgeRelated Changes Leading to Cataract
Formation

Methods: We examined regeneration in adult mice. To
address this question in vivo we damaged adult mouse retina
by intraocular injection of neurotoxin NMDA (loss of amacrine
and retinal ganglion cells) or by light damage (loss of
photoreceptor cells). Two days later we subsequently injected
growths factors. Several growths factors were tested and
animals were sacrificed at various time points. Retinas were
analyzed using immunostaining.

O190
DETERMINING THE REQUIREMENTS FOR MATRIX
METALLOPROTEINASES IN CATARACT FORMATION

Results: Here we provide further evidence that Muller glia are
the source for neural regeneration and we show that loss of
retinal ganglion and amacrine cells, but not photoreceptors
increases the number of regenerating amacrines. Muller glia
express GFAP upon retinal injury. Using a genetic lineage
trace we stimulated a population of GFAP expressing glia to
proliferate and regenerate amacrines cells upon neurotoxic
damage. Exposure to bright light leads to photoreceptor
damage and subsequent injection of growth factors does not
increase the number of regenerated GAD67-GFP neurons
(amacrines) compared to growth factor injections alone. In
contrast, NMDA induced neurotoxic injury with subsequent
growth factor stimulation led to a significant higher number of
regenerated GAD67-GFP neurons. None of the treatments we
tested so far after retinal light or NMDA damage led to
regeneration of photoreceptors (Nrl-GFP), bipolar (mGluR6GFP) or retinal ganglion cells (Thy1-CFP) in adult mice in vivo.

J. West-Mays, G. Pino, M. Gupta
Pathology and Molecular Medicine, McMaster University,
Hamilton, ON, Canada
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 epithelialto-mesenchymal transition (EMT). Research from our
laboratory and others have shown that MMP expression,
namely that of the gelatinases MMP-2 and MMP-9, is induced
in a variety of cataract phenotypes including anterior
subcapsular cataract (ASC) and posterior capsular
opacification (PCO). We have further shown, using an ex vivo
rat lens model, that co-treatment with MMP inhibitors (MMPIs)
suppresses TGFbeta-induced ASC formation and this appears
to occur through an inhibition in the EMT of lens epithelial cells
(LECs). We have further expanded these findings and shown
that MMPIs can also disrupt the EMT of LECs in a rat lens
explant model that more closely mimics PCO. Further in vivo
studies have investigated the effect of TGFbeta-induced
cataract formation in mice lacking MMP-9. These results have
thus far shown that EMT and ASC formation are not
completely blocked in MMP-9 KO mice as compared to their
wild-type littermates, but instead they are delayed and reduced
in size. It is suspected that MMP-2 may still play a role in
mediating cataract formation in these mice and this is being
explored. The mechanisms by which these MMPs control
aspects of ASC and PCO, including EMT, will be further
discussed.

Conclusion: Our results suggest that a restricted number of
Muller glia may regenerate amacrines in living adult mice; this
process is damage dependent in that loss of amacrines but not
loss of photoreceptors promotes amacrine regeneration. We
conclude that mechanisms to signal amacrine loss as a
component of a retinal regenerative program exist and are in
place while others are limited or absent.
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POTENTIAL OF HUMAN MÜLLER STEM CELLS FOR
FUNCTIONAL RETINAL GANGLION CELL (RGC) REPAIR
G.A. Limb1, S. Singhal1, H. Jayaram1, B. Bhatia1, P.T. Khaw1,
T.E. Salt2
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Ocular Biology and Therapeutics, 2Visual Sciences, UCL
Institute of Ophthalmology, London, UK

MMP2 IS CRITICAL FOR TGFΒ MEDIATED MATRIX
CONTRACTION: IMPLICATIONS FOR POSTERIOR
CAPSULE OPACIFICATION

A population of Müller glia with stem cell characteristics has
been identified in the adult human retina. These cells become
spontaneously immortalized in vitro and following culture
under conditions known to induce neural differentiation of stem
cells, they acquire markers of retinal neurons. Notch inhibition
with
DAPT
(N-[N-(3,
5-Difluorophenacetyl)-L-alanyl]-Sphenylglycine t-butyl ester) has shown to promote in vitro
differentiation of human Müller stem cells into retinal ganglion
cell (RGC) precursors. This was demonstrated by their loss of
Müller glia markers (ie CRALBP) accompanied by acquisition
of RGC markers (ie, HuD, Isl 1 and Brn3.0) and nicotin
responsiveness, a characteristic of RGC function. Our studies
have shown that transplantation of Müller derived RGC
precursors, in the presence of microglia inhibitors and
extracellular matrix degrading enzymes, induce a partial
restoration of retinal ganglion cell function in rats depleted of
RGC by NMDA. This was judged by partial recovery of the
negative scotopic threshold response (nSTR) on the
electroretinogram, a measure of RGC function which was
completely eliminated in NMDA treated eyes. These results
suggest that human Müller stem cells have the potential to be
used in cell based therapies to repair retinal damage
associated with ganglion cell loss.

J. Eldred1, L.J. Dawes1, L.M. Hodgkinson1, J.R. Reddan2,
D.R. Edwards1, I.M. Wormstone1
1

School of Biological Sciences, University of East Anglia,
Norwich, UK, 2Oakland University, Rochester, MI, USA
Purpose: Matrix deformation of the lens capsule is integral to
Posterior Capsule Opacification (PCO) formation, which
ultimately leads to secondary loss of vision. The fibrotic
cytokine Transforming Growth Factor Beta (TGFβ) is central to
PCO development and importantly can alter expression of
Matrix Metalloproteinases (MMPs), which are essential
regulators of matrix homeostasis. The aim of this current study
was to determine the association between specific MMPs and
TGFβ-mediated fibrotic events.
Methods: The human lens epithelial cell-line FHL-124 was
utilised throughout this study. Changes to MMP gene
expression in response to TGFβ2 was determined by QRTPCR. Additionally, MMP protein modification by TGFβ2 was
analysed by gelatin zymography and western blot methods.
These techniques were also employed to validate siRNA
efficiency. FHL-124 matrix contraction was assessed using
patch assay analysis (Dawes et al, IOVS 2008) following
exposure to experimental conditions for 1-3 days. The
following conditions were examined: Control medium ± 25µM
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GM6001 (Broad spectrum MMP Inhibitor); 10ng/ml TGFβ2 ±
GM6001; Control medium ± siRNA MMP-2; 10ng/ml TGFβ2 ±
siRNA MMP-2; Control medium ± siRNA-MT1-MMP; 10ng/ml
TGFβ2 ± siRNA-MT1-MMP; Control medium ± 4µg/ml MMP-2
neutralising antibody; 10ng/ml TGFβ2 ± 4µg/ml MMP-2
neutralising antibody. Match-paired sham cataract operations
were performed on human donor lenses and resultant
capsular bags were treated with 10ng/ml TGFβ2 ± 20µg/ml
MMP-2 neutralising antibody. Ongoing observations were by
phase-contrast microscopy and at endpoint (t=21 days)
immunocytochemistry.

relation to the p53 message. The TUNEL labeling was found
to peak at 24 hrs after exposure and then decline.

Results: FHL-124 cells treated with 10ng/ml TGFβ2 exhibited
increased MMP-2 and MT1-MMP gene expression. TGFβ2
significantly augmented MMP-2 protein levels; MT1-MMP
protein levels were also elevated by TGFβ2 application, but
not significantly. Both MMP-2 and MT1-MMP gene and protein
levels were significantly reduced by transfection with specific
siRNA in the presence and absence of TGFβ2. Exposure of
FHL-124 cell patch assays to 10ng/ml TGFβ2 for 3 days
resulted in extensive matrix contraction. TGFβ2-induced matrix
contraction was prevented by co-treatment with the broad
spectrum MMP inhibitor GM6001. Furthermore, specific
knockdown of MMP-2 using siRNA methods or MMP-2
neutralising antibody significantly attenuated TGFβ2-induced
matrix contraction. However, specific MT1-MMP targeted
siRNA did not suppress the observed TGFβ2-mediated matrix
contraction. Exposure of capsular bags to 10ng/ml TGFβ2
caused marked posterior capsule wrinkling; co-addition with
MMP-2 neutralising antibody significantly reduced wrinkle
formation.
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Conclusion: Just above threshold dose of in vivo UVR 300
nm induces an exponentially declining increase of light
scattering, that is closely associated with lens epithelial
damage, with peak DNA break down at around 24 hrs after
exposure followed by a late onset increase of p53 message
and a further slightly delayed late onset of caspase-3
message.

DIFFERENTIAL INTERACTIONS OF HUMAN ΑBCRYSTALLIN WITH HUMAN ΓD-CRYSTALLIN
CONGENITAL CATARACT MUTANTS
K. Moreau, L. Acosta Sampson, J. King
Biology, Massachusetts Institute of Technology, Cambridge,
MA, USA
Background: The eye lens is composed of fiber cells packed
with crystallins up to 400 mg/ml. α-Crystallin, the chaperone
system of the lens, is a small heat shock protein composed of
αA and αB subunits. γD-Crystallin is a monomeric, two-domain
protein found primarily in the lens nucleus. Synthesized in
utero, it must maintain its native fold and solubility for a
lifetime. Wild-type (WT) HγD exhibited a three-state unfolding
pathway with the N-terminal domain (N-td) unfolding first,
followed by the C-terminal domain (C-td). The stable folding
intermediate had a structured C-td and unfolded N-td. Upon
dilution from denaturant, aggregation competed with
productive refolding. Two HγD mutant proteins, V75D and
I90F, were constructed based on cataract-causing mutations
identified in murine γD-crystallin.

Conclusions: MMP-2 plays a critical role in TGFβ2-mediated
matrix contraction that is independent of MT1-MMP.
Therefore, MMP-2 presents a novel target for the treatment of
PCO and other fibrotic disorders.

Methods: Equilibrium unfolding/refolding experiments with
guanidinium hydrochloride as the denaturant measured
stability differences among WT and mutant HγD proteins.
Native mixing experiments and aggregation suppression
assays compared the ability of HαB to interact with and
suppress the aggregation of WT and mutant HγD proteins.
Size exclusion chromatography (SEC) was used to evaluate
the formation of HγD: HαB complexes.
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EVOLUTION OF APOTOSIS IN VIVO UVR-INDUCED
EXPOSED LENSES
P. Söderberg, K. Galichanin, M. Kronschläger, N.
Talebizadeh
Ophthalmology, Dept. of Neuroscience, Uppsala University,
Uppsala, Sweden

Results: Both mutant proteins were destabilized in equilibrium
unfolding/refolding experiments and destabilization was
dependent on the location of the mutation. Like WT HγD, both
mutants aggregated upon dilution from denaturant. WT HγD
aggregation was suppressed in the presence of HαB.
Similarly, HαB suppressed aggregation of both mutant proteins
and formed stable complexes with them. In native mixing
experiments over 28 days, HαB and WT HγD did not form
observable complexes or larger aggregates. In contrast, the
mutant proteins did not maintain their solubility over the course
of the experiment and a different pattern of interaction with
HαB was observed. V75D aggregated extensively after 14
days of incubation, but these aggregates did not form
complexes with HαB. Preliminary results suggest that over
time, I90F does in fact interact with the chaperone and
I90F:HαB complexes were observed by SEC.

Purpose: To investigate the evolution of apoptosis in the lens
after in vivo exposure to UVR-300-nm radiation.
Methods: Six week old Sprague-Dawley rats was the
experimental animal. Eighty rats were unilaterally exposed to
close to double threshold in vivo dose of UVR-300 nm (8kJ/m2)
and sacrificed at 1, 7, 48 and 336 hrs after exposure and the
evolution of light scattering and light and TEM was observed.
In a subsequent experiment, forty rats were unilaterally in vivo
exposed to double threshold dose of UVR 300 nm and
sacrificed at 1, 5, 24 and 120 hrs after exposure and message
for p53 and caspase-3 was measured with RT-PCR. Finally,
16 rats were unilaterally in vivo exposed to just above
threshold dose of UVR-300 nm and sacrificed at 1, 5, 24 and
120 hrs after exposure and DNA break down was recorded as
TUNEL labeling.

Conclusions: This work demonstrated that HαB recognized
and bound intermediates on the aggregation pathways of both
WT and mutant HγD proteins. However, under different
stresses or conditions, the mutants interacted differently with
HαB. Currently, precursors to aggregation and cataract
formation are not accessible in the lens, and these results
provide insights into the conformation of aggregation-prone
crystallin intermediates and whether they can be recognized
and sequestered by chaperone proteins.

Results: It was demonstrated that after double threshold
dose, light scattering increases exponentially declining with a
time constant of approx. 50 hrs. The morphological analysis
demonstrated initial apoptosis already at 1 hr after exposure
that increased up to 48 hrs after exposure and the epithelial
cells that remained at later stages appeared normal but there
was substantial swelling in the superficial cortex. Both p53
message and caspase-3 message was found to be initially
suppressed and then gradually increased up to 120 hrs after
exposure, the caspase-3 message increase being delayed in
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Nuclear cataract is the type of human lens opacity most
closely linked with an oxidative cause, and the hyperbaric
oxygen (HBO)/guinea pig in vivo model is recognized as one
of the best methods for studying this form of cataract. The goal
of the current work was to compare levels of S-glutathiolation
and S-cysteinylation occurring at various cysteine residues of
guinea pig lens nuclear crystallins after 30 and 80 treatments
with HBO. Guinea pigs (initially 18 months old) were treated
30x (3x per week for 2.5 months) and 80x (3x per week for 6.7
months) with HBO (2.5 atm of 100% oxygen for 2.5 hr) (in this
model, increased lens nuclear light scattering is first evident
after 30 treatments, and becomes more intense after 80
treatments). Trypsin digests of lens nuclear water soluble
proteins were analyzed by Multidimensional Protein
Identification Technology (MudPIT). The results indicated that
all detected crystallins, except alphaB crystallin, participated to
some extent in either S-glutathiolation or S-cysteinylation. The
crystallin with the highest level of participation (6 of its 8 -SH
groups) was betaA1/A3 crystallin, and that with the lowest (1
of its 6 -SH groups) was betaA2 crystallin. Overall, one-half of
the total crystallin cysteine residues showed some detectable
mixed disulfide formation. GammaA,B and C crystallins
exhibited an overall 3.1-fold increase in both total
glutathiolation and total cysteinylation after 30 oxygen
treatments, compared to untreated controls; after 80 oxygen
treatments, while glutathiolation continued to increase to 4.4fold over control, cysteinylation dropped off to 2.8-fold,
compared to control. A major site of gamma crystallin
glutathiolation was residue C-16, and to a lesser extent,
residue C-23. Although the only residue of betaB2 crystallin
participating in mixed disulfide formation was C-67, this -SH
group showed the highest level of control glutathiolated
MS/MS spectra. Both glutathiolation and cysteinylation of
betaA1/A3 crystallin increased after 30 HBO-treatments (3.3fold and 1.8-fold, respectively), and again at 80 HBOtreatments (4.4-fold and 3.6-fold, respectively). The results
demonstrate the huge protein -SH group buffering capacity,
nearly 25mM, existing in the lens nucleus for binding oxidized
glutathione and oxidized cysteine. The decrease in Scysteinylation occurring in the gamma crystallins after 80
HBO-treatments, compared to 30 treatments, may be a
reflection of increased formation of protein disulfide at the
cysteinylated sites.

THE VITREOUS BODY AND OXYGEN: PROTECTING THE
EYE FROM NUCLEAR CATARACT AND OPEN ANGLE
GLAUCOMA
N. Holekamp1,2, C. Siegfried2, Y.-B. Shui2, D. Beebe2,3
1

Barnes Retina Institute, 2Ophthalmology and Visual Sciences,
Washingon University, 3Cell Biology and Physiology,
Washington University, Saint Louis, MO, USA
Oxygen levels around the lens are very low and increased
exposure of the lens to oxygen causes nuclear cataracts in
humans and animals. In humans, the vitreous body, the gel
between the lens and the retina, degenerates with age.
However, the extent of liquifaction varies greatly between
persons of the same age. Removal of the vitreous gel
(vitrectomy) causes nuclear cataracts within two years in those
over 50. Our previous studies showed that age-related
degeneration of the vitreous body is an important risk factor for
nuclear sclerotic cataracts, that vitrectomy increases exposure
of the lens to oxygen and that the vitreous consumes oxygen
in an ascorbate-dependent manner. Vitrectomy also increases
the risk of developing open-angle glaucoma, especially
following cataract surgery (Chang, AJO 2006). We
hypothesized that lowering oxygen levels in the eye after
vitrectomy would slow or prevent post-vitrectomy cataract and
protect against glaucoma.
Patients with diabetes have lower oxygen in their vitreous
(Holekamp, et al. AJO 2006). We predicted that diabetics
would be protected from post-vitrectomy nuclear cataract.
Nuclear opacity was measured by Scheimpflug photography at
baseline, 6 and 12 months after vitrectomy in 55 eyes of 52
patients undergoing vitrectomy. Ischemic diabetic retinopathy,
but not diabetes without retinal ischemia, was associated with
decreased nuclear opacity at baseline, decreased cataract
surgery and slower progression of opacification at 6 and 12
months (p< 0.001). After adjusting for age and other variables,
ischemia significantly protected against nuclear opacification
at all time points (p< 0.01). Low oxygen in the vitreous
appears to protect against nuclear cataract.
Oxygen levels were mapped with a 30-ga. fiberoptic probe in
the posterior and anterior chamber of patients undergoing
glaucoma and/or cataract surgery. Compared to a reference
group with no prior ocular surgery, previous vitrectomy
increased oxygen levels in the posterior chamber (p< 0.001),
but not in front of the lens. Previous cataract surgery increased
oxygen in the posterior chamber (p< 0.01) and in front of the
lens (p< 0.001), but not elsewhere in the anterior chamber.
Patients with both vitrectomy and cataract surgery showed an
approximate 3-fold increase in oxygen in the anterior chamber
angle.

Proteomic and Lipidomic Approaches in
Glaucoma
O196
PROTEOMIC ANALYSIS FOR THE MOLECULAR
ETIOLOGY OF PSEUDOEXFOLIATION GLAUCOMA
R. Lee1,2, M. Tapia1, M. Risco1, W. Scott2, S. Bhattacharya1

We conclude that the vitreous body protects the lens from
oxygen and maintaining low oxygen protects against nuclear
cataracts. Together, the vitreous and lens maintain low oxygen
in the anterior chamber angle. This may protect the outflow
system from oxidative damage and open-angle glaucoma.

1

Bascom Palmer Eye Institute, 2John P. Hussman Institute for
Human Genomics, University of Miami School of Medicine,
Miami, FL, USA
Background: Pseudoexfoliation (PXF) glaucoma is diagnosed
by the presence of a white, dandruff-like material layered on
the lens capsule (LC). PXF glaucoma is the most common
secondary form of glaucoma with an identifiable cause. How
PXFM is formed, where it originates from, and how it causes
glaucoma is not known. A systematic proteomic approach was
undertaken to identify the proteins which form PXFM. Using
protein interaction traps and protein interaction software
database analysis, proteins associated with the formation of
PXFM were identified that may be causative for the
development of pseudoexfoliation glaucoma.

O195
MUDPIT ANALYSIS OF S-GLUTATHIOLATION AND SCYSTEINYLATION IN THE GUINEA PIG LENS NUCLEUS
AFTER EXTENSIVE HYPERBARIC OXYGEN TREATMENT
IN VIVO
F. Giblin1, F. Simpanya1, L. David2, P. Wilmarth2
1

Eye Research Institute, Oakland University, Rochester, MI,
Biochemistry and Molecular Biology, Oregon Health Sciences
University, Portland, OR, USA

Methods: Lens capsules were removed from PXF and control
patients undergoing routine cataract extraction surgery and
who were not medicated with ocular glaucoma medications.
Proteomic techniques utilizing two-dimensional polyacrylamide
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gel electrophoresis (2-D PAGE) were used to differentially
identify by mass spectrometry PXF-specific lens capsule
proteins. In-gel trypsinization, liquid chromatography,and
tandem mass spectrometry (LC MS/MS) identified proteins
expressed in PXF and control lens capsules. The differential
expression of PXF lens capsule enriched proteins was then
verified by Western blotting and the protein expression pattern
was localized using immunofluorescence (IF) to PXFM on LCs
or LC epithelium. Protein-protein interactions of PXF
differentially proteins were assessed by using the yeast-two
hybrid interaction trap. Identified proteins were analyzed using
interaction software mapping.

were incubated with, e.g. at 9192Da (p< 0.001) or at 12390Da
(p< 0.001). In addition the Mahalanobis distances revealed
large differences between the cells incubated with glaucoma
serum in comparison to healthy serum (Mahalanobis
distance=40; p< 0.0001). The Mahalanobis distance was
significantly reduced after antibody removal (p< 0.03). A mixed
model ANOVA was calculated to evaluate the influence the
serum or the pressure had on the cells, showing that the
serum had the largest effect (59%) on the protein profiles.
Conclusion: Keeping the specific antibody profiles in patients
with different types of glaucoma in mind and looking at the
different reactions the cells show towards these sera, we come
to the conclusion that this study underlines the theory that an
auto-immune component plays a significant role in the
pathogenesis of glaucoma. This theory can be underlined by
the fact that removing the antibodies from the serum leads
significantly changed reaction of the cells.

Results: LC MS/MS identified proteins that were differentially
expressed in LCs from patients with PXF compared to normal
controls. Some proteins were specifically localized to PXFM by
IF. PXFM proteins consisted of many extracellular matrix
(ECM) and basement membrane proteins, including LOXL1
(which is the only molecule so far associated genetically with
PXF glaucoma), galectins, fibrillin, emilin, and HNK-1 proteins.
A number of proteins, including crystallins, histones, keratins,
and laminins were localized to the LC epithelium and not
within PXF material. The differential expression of these
proteins identified using proteomic approaches were verified
by Western blot analysis and IF.

O198
BIOMARKER IDENTIFICATION IN POAG: A PRELIMINARY
EXPERIENCE FROM AN INDIAN COHORT
I. Kaur1, K. Rao1, R. Parikh2,3, A. Mandal2, S. Senthil2, R.
Thomas2,4, S. Chakrabarti1

Conclusion: This proteomic study has identified differentially
expressed proteins present in PXF LC compared to controls.
These differentially expressed proteins are part of an
interacting network of basement membrane and ECM proteins
that bind and form PXFM. This study identifies proteins that
may be the precipitating factor responsible for the formation of
PXFM. Identification of the initiating protein that triggers
formation of PXFM may allow for the design of molecules
which inhibit this protein from binding other proteins that form
PXFM and lead to a cure for this type of glaucoma.

1

Hyderabad Eye Research Foundation, L.V. Prasad Eye
Institute, 2Hyderabad Eye Institute, L. V. Prasad Eye Institute,
Hyderabad, 3Bombay City Eye Hospital, Mumbai, India,
4
Queensland Eye Institute, University of Queensland,
Brisbane, QLD, Australia
Background: Primary open angle glaucoma (POAG)
constitutes a major proportion of all primary glaucomas, whose
underlying molecular mechanisms are yet unclear. It is a
progressive disease with a complex etiology and is attributed
to multiple genes and their interactions with varying
magnitudes of effect. Recent studies based on
immunohistochemistry, microarray and proteome analysis
have suggested the role of T-cell cytotoxicity, complement
cascade in the degeneration of RGCs and axons and
extracellular matrix (ECM) modeling of trabecular meshwork
(TM) tissue in glaucoma pathogenesis. Using a combination of
genomic and proteomic approaches, we aimed to identify
potential biomarker(s) in elevated intraocular pressure (IOP)related POAG.

O197
PROTEIN PROFILE CHANGES IN RETINAL GANGLION
CELLS AFTER INCUBATION WITH GLAUCOMA SERUM
K. Bell1, G. Seigel2, N. Pfeiffer1, F. Grus1
1

Experimental Opthalmology, Dep. of Ophthalmology,
University Medical Centre of the Johannes Gutenberg
University Mainz, Mainz, Germany, 2Ross Eye Institute,
University of Buffalo, Buffalo, NY, USA

Methods: Our genomics approach included characterization
of genes involved in the complement cascade and ECM
remodeling using customized genotyping through goldengate
assay (Illumina Inc., San Diego, CA). Single nucleotide
polymorphisms (SNPs; n=384) spanning 40 inflammatory and
ECM-related genes were screened in a cohort of clinically
well-characterized POAG cases (n=141) and ethnically
matched normal controls (n=285). The quantitative
assessments of protein levels in the aqueous humor samples
(n=100, 50 patients and 50 controls) of genes that exhibited
strong associations were done using Luminex xMAP assay.
The entire data was analyzed using appropriate statistical
methods and correlated with the clinical data.

Aims: Although Glaucoma, a leading cause for blindness, is a
common disease, the pathogenesis still is unknown. Previous
studies have been able to show changes in the autoantibody
profiles of glaucoma patients against ocular antigens such as
retinal or optic nerve head antigens. The aim of this study was
to detect whether the sera and the antibodies of glaucoma
patients have an effect on the protein expression of
neuroretinal cells.
Methods: R28 cells were incubated with medium containing
10% serum from patients suffering from primary open angle
glaucoma, normal tension glaucoma, or ocular hypertension,
as well as POAG serum after antibody removal through protein
G beads. The cells were incubated at 37°C for 48h under a
normal or elevated pressure of 15000pa. After lysis the protein
profiles of the cells were measured with Seldi Tof MS (Biorad,
USA) and evaluated by multivariate statistics. Significant
calculated protein biomarkers identified using Maldi TOFTOF
MS (Brucker Daltonics, Billerica).

Results: Of the 384 SNPs, 10 were not in Hardy-Weinberg
equilibrium (p< 0.05). The threshold for a significant
association was p< 10-4 based on Bonferroni corrections.
Variants in the genes involved in the complement cascade
(CFH, C2, BF, C3, C5, C1, CRP) did not exhibit any
association to POAG (p>0.05). Turning to the ECM-related
genes, a significantly strong association of POAG was noted
with fibulin-5 gene (FBLN5). The two associated SNPs in
FBLN5 were in strong LD (D'=0.97) and contributed to a risk
haplotype (p< 10-4) that enhanced the susceptibility to POAG
by several folds. Proteomic analysis of the aqueous humor of
POAG patients did not indicate any differences in the levels of
CFH and CRP between cases with the homozygous major and

Results: We were able to detect significant differences
between the protein profiles of the cells incubated with POAG,
NTG, OHT serum or healthy serum. The measured protein
profiles added up to 400 protein cluster. The analysis of
discriminance calculated several highly significant biomarkers
expressed differently in the cells depending on the serum they
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minor alleles and their interactions based on western blot
analysis and ELISA, thereby supporting the genomic data.
Further, analysis of the aqueous humor with ECM-related
genes is being done.

Conclusions: We have identified several proteins and
pathways of particular interest to our understanding of glial cell
activation in the human optic nerve following biomechanical
strain at levels modelled to be similar to that found in the
laminar cribrosa at high levels of intraocular pressure.

Conclusions: The present study indicates an association of
ECM-related gene FBLN5 in POAG. The in vitro involvement
of complement component C1 and C3 and other inflammatory
genes could not be confirmed based on genomic and
proteomic analysis in vivo.

Ions, Water and the Inner Workings of the
Eye Tissues
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PROTEOMIC APPROACHES TO GLAUCOMATOUS
NEURODEGENERATION

CALCIUM SIGNALLING AND THE CONTROL OF RETINAL
MYOGENIC TONE

G. Tezel

T. Curtis, J. Kur, N. Scholfield, G. Mcgeown

Ophthalmology & Visual Sciences, University of Louisville,
Louisville, KY, USA

Centre for Vision and Vascular Science, Queen's University of
Belfast, Belfast, UK

This presentation will provide an overview of the recent studies
using proteomic analysis techniques which aim to characterize
pathogenic processes of glaucomatous neurodegeneration
and identify disease markers and new treatment targets.

Background and aims: Myogenic vasoconstriction is critical
to local blood flow autoregulation in the retina. Calcium sparks
are highly localised, brief calcium transients that reflect
calcium release from the sarcoplasmic reticulum. In arterial
smooth muscle cells, calcium sparks have been shown to limit
myogenic tone by activation of BK channels. We have recently
published the first recordings of calcium sparks in retinal
arteriolar smooth muscle cells (Curtis et al. (2004) Invest
Opthalmol Vis Sci 45, 4409-4414). In these vessels, calcium
sparks can summate to produce sustained global calcium
oscillations, some of which are followed by cell contraction.
Here we report on the mechanisms responsible for calcium
sparks in retinal arteriolar myocytes and describe their
functional role in regulating retinal arteriolar myogenic tone.

O200
RESPONSE OF HUMAN OPTIC NERVE HEAD
ASTROCYTES TO BIOMECHANICAL STRAIN
J. Flanagan1,2, R. Rogers1, M. Dharsee3, S. Ackloo3
1

Ophthalmology and Vision Sciences, University of Toronto,
Toronto, 2School of Optometry, Univeristy of Waterloo,
Waterloo, 3Ontario Cancer Biomarker Network, Toronto, ON,
Canada

Methods: Adult male Sprague-Dawley rats were euthanized
and retinal arterioles mechanically isolated. Calcium imaging
was carried out using confocal line scans of arterioles preloaded with fluo-4. Changes in myogenic tone were
determined using pressure myography (McGahon, Dash et al.
2007 Circ Res 100(5): 703-11).

Purpose: To determine candidate biomarkers for the
response of cultured, in vivo, optic nerve head (ONH)
astrocytes to mechanical strain.
Methods: Human astrocytes were isolated and grown from
donor tissue in specific media at 37°C in a 5 % CO2 humidified
incubator. Cells were seeded onto collagen coated silastic
culture plates, grown to confluence, rinsed with DPBS and
allowed to rest for 24 hours in serum-free media. The cells
were then subjected to 3 or 12 % cyclic (1 Hz, sinusoid) equiaxial stretch for 2 or 24 hours using the Flexercell FX-4000
Tension Plus System. Control cells were serum-deprived and
incubated without stretch for the duration of the experiment.
Nano LC-MS/MS analysis using 6-plex iTRAQ labelled
samples was performed on the resulting cell lysate.
ProteinPilot (Applied Biosystems, USA) was used to identify
proteins and their differential expression. Ingenuity Pathway
Analysis (Ingenuity Systems, USA) was used to indentify
networks.

Results: Application of cyclopiazonic acid (CPA; 20µM), which
inhibits calcium uptake by the sarcoplasmic reticulum,
transiently increased calcium spark frequency and oscillation
amplitude, but inhibited both types of calcium event within 60
seconds. Both ryanodine (100µM) and tetracaine (100µM),
inhibitors of ryanodine-sensitive calcium release channels,
reduced the frequency of calcium sparks and oscillations,
while tetracaine also reduced oscillation amplitude. Increasing
intraluminal pressure from 10 to 70 mmHg triggered the
development of myogenic tone, which stabilised after 10-15
minutes. The steady-state myogenic response was associated
with a substantial increase in the frequency of calcium sparks
and oscillations. CPA had a biphasic effect on retinal arteriolar
myogenic tone, initially causing vasoconstriction and then
vasodilatation. Exposure of pressurised retinal vessels to
ryanodine or tetracaine resulted in an immediate and
sustained reduction in retinal myogenic tone.

Results: Over 520 differentially regulated proteins were found.
Astrocytic proteins were involved in cellular movement,
assembly
and
organization,
as
well
as
DNA
replication/recombination/repair. The primary protein hubs
indentified within the pathways included transforming growth
factor β1 (TGFβ1), tumour necrosis factor (TNF), caspase 3
(CASP3), and tumour protein p53, which have all been
implicated in the activation of astrocytes and various
neurodegenerative diseases including glaucomatous optic
neuropathy. Additional candidate proteins that were highly
regulated compared to controls
include astrocytic
phosphoprotein (PEA15), acidic leucine-rich nuclear
phosphoprotein (ANP32B), Annexin A4 (ANXA4), abnormal
spindle-like microcephaly-associated protein (ASPM) and
Myosin-Va (MYO5A).

Conclusions: These results suggest that spontaneous
calcium sparks and oscillations in retinal arteriolar smooth
muscle cells are generated by the spontaneous activation of
ryanodine receptors. Our data is also is consistent with a
model in which calcium sparks serve a predominantly
excitatory, rather than inhibitory, function in the retinal
vasculature, and thus runs counter to current paradigms
concerning the functional significance of calcium sparks in
vascular smooth muscle.
We thank Fight for Sight and the Wellcome Trust for financial
support
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The aims of this study are to determine whether baicalein (1)
affects the chloride and fluid transport across the excised
ciliary epithelium and (2) inhibits the aqueous humor formation
rate using arterially-perfused in-vitro eye.

DIRECT FLOW OF FLUID TO THE ANTERIOR CHAMBER;
EFFECT OF VASODILATORS
O. Candia1, L. Alvarez2, R. Gerometta3
1

Methods: Fresh porcine ciliary body / epithelium preparation
was excised and mounted in a custom-made chamber for the
simultaneous measurement of transepithelial electrical
parameters and fluid movement. The measurement of
aqueous humor formation rate was determined based upon
the rate of fluorescein dilution in the anterior chamber of the
arterially-perfused eyes.

2

Mount Sinai School of Medicine, Ophthalmology, Mount
Sinai School of Medicinen, New York, NY, USA, 3Oftalmología,
Universidad Nacional Del Nordeste, Corrientes, Argentina
Background & aims: The absence of an epithelium between
the stroma of the ciliary body (CB) and the anterior chamber
(AC) suggests that extracellular tissue fluid in the CB stroma
may directly enter the AC via the anterior iris surface. Bill
originally considered this idea, but also thought that the
magnitude of such flow would not contribute significantly to
fluid movement into the AC. We hypothesize that this possible
flow may change in magnitude under conditions increasing the
hydrostatic pressure difference between the CB stroma and
the AC. The systemic administration of a vasodilator might be
one such condition. In this situation, the pressure difference
between the CB stroma and AC could be augmented due to
an enhanced leak of plasma-like fluid from the CB capillaries.
Because the PDE5 inhibitors, sildenafil and tadalafil, are
potent vasodilators of small precapillary arteries, we measured
their effects on the IOP of a sheep animal model. In addition,
the protein levels in the sheep AC before and after treatment
with sildenafil were also measured.

Results: In excised ciliary epithelium, addition of 100µM
baicalein to the aqueous surface caused a simultaneous
inhibition of both chloride and fluid transport into the eye,
potentially reducing the rate of aqueous humor secretion.
Consistent with this hypothesis, baicalein significantly reduced
the rate of aqueous humor formation when added to the
anterior chamber of the perfused eye. The baicalein-induced
effects were possibly mediated by the inhibition of chloride
channels in non-pigmented ciliary epithelial (NPE) cells.
Conclusions: Our results show that baicalein reduces the
chloride and fluid secretion across the ciliary epithelium,
thereby slowing the rate of aqueous inflow. This finding
supports the potential significance of baicalein in glaucoma
treatment.
Support acknowledgement: This study was supported by
PolyU Internal Competitive Research Grants (G-YG14 and ASA27) and PolyU Niche Areas (J-BB76).

Methods: Domestic sheep residing on a ranch in Argentina
were used. These docile and compliant animals readily
swallowed tablets of sildenafil (50 and 100 mg) and tadalafil
(20 mg). IOP was monitored by applanation tonometry in 21
normal sheep orally administered these drugs. Paracentesis
was performed on 6 sheep to quantify changes in AH protein
levels with the Pierce protein assay.

O204
XENOBIOTICS TRANSPORT BY THE NON-PIGMENTED
CILIARY EPITHELIUM: A NOVEL BARRIER FUNCTION
THAT MAKES THE EYE INTERIOR A
PHARMACOLOGICAL SANCTUARY

Results: Ingestion of both sildenafil and tadalafil increased
sheep IOP from normal levels of 9-11 mmHg within 1 hr. The
IOP elevation was about 1.6 fold with both doses of sildenafil.
IOP returned to control values within 4 hrs. With the longerlasting vasodilator tadalafil, IOP remained 1.6 to 1.9-fold
higher than normal for at least 48 hrs and returned to control
levels within 4 days. The AH protein content was 39% higher
after administering 100 mg sildenafil. No other drugs or doses
were tested on this parameter.

M. Shahidullah1, N. Delamere1, S. Wright1, R. Pelis2
1

Physiology, University of Arizona, Tucson, AZ, 2Translational
Sciences- Drug Metabolism and Pharmacokinetics, Novartis
Institutes for Biomedical Research, East Hanover, NJ, USA
Background:
The non-pigmented epithelium (NPE)
represents the blood-aqueous barrier of the eye. The eye
interior is a pharmacological sanctuary that keeps out
xenobiotics including therapeutic drugs of clinical importance.
Many of these drugs, such as, anticancer agents, antivirals,
antibiotics are organic anions (OAs) at physiological pH.
Although it has been demonstrated that OAs are cleared from
the eye by a transport mediated process, the site(s) at which
this occurs, and the transport proteins involved, are not well
understood. Here we hypothesize that members of OA families
SLC22A, SLC13A constitute the basolateral uptake route and
ABC family transporters constitutes the apical efflux
mechanism. Together they shift OAs from the interior of the
eye toward the blood for hepatic detoxification or renal
clearance.

Conclusions: These data are consistent with a vasodilatorevoked increase in plasma-like fluid into the AC, which likely
accounts for the IOP elevation. The results may be of
importance to patients treated with these compounds for
vascular diseases. Sheep may be an ideal model for this
group for further studies.
Support: NEI grants EY00160, EY01867 and EY13749, and
an unrestricted grant from RPB, Inc., New York, NY.
O203
THE FUNCTIONAL SIGNIFICANCE OF BAICALEIN IN
REGULATING AQUEOUS HUMOR SECRETION

Methods: RT-PCR was used to examine mRNA expression of
OA transporters in human ciliary body (CB) and porcine
cultured NPE. Protein expression and subcellular localization
of proteins were determined by western blot (WB) and
confocal immunomicroscopy, respectively. Transport studies
using known OA transporter substrates were done in porcine
cultured NPE, isolated ciliary body in an Ussing chamber and
an ex vivo whole eye perfusion system.

C.W. Do, J. Xiao, K.K. Li, W.S. Tam, H.L. Chung, C.H. To
School of Optometry, The Hong Kong Polytechnic University,
Hong Kong, Hong Kong S.A.R.
Background and aims: Baicalein is a flavonoid derived from
the root of Scutellaria baicalensis. It is frequently found in
plants and has been widely used in Chinese herbal medicine.
Recently, baicalein has been found to protect retinal ganglion
cells from oxidative damage, suggesting its potential
significance in glaucoma therapy. In addition, baicalein has
been shown to regulate ion secretion in several epithelial cells.

Results: mRNA for OAT1 (SLC22A6), MRP2 (ABCC2), MRP4
(ABCC4), and BCRP (ABCG2) were identified in the human
CB. WB of human CB showed expression of the OA
transporters, OAT1, sodium dicarboxylate cotransporter-3
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(SLC13A3), P-GP, BCRP, MRP1, MRP2 and MRP4.
Immunolocalization study showed MRP2 on the apical
membrane of porcine NPE. In cultured porcine NPE, the
intracellular accumulation of the MRP2 substrates calcein (1.8fold), 5-(and-6)-carboxy-2´,7´-dichlorofluorescein (22.1-fold),
and doxorubicin (1.9-fold) was significantly increased in the
presence of 50 µM MK571, an MRP inhibitor. In Ussing
chamber studies, the unidirectional AH-to-blood flux of pamiminohippuric acid (PAH), an OAT1 substrate, was 6-fold
greater than the blood-to-AH flux, indicating net active
secretion. Net active PAH secretion was strongly inhibited by
200 µM probenecid, an OAT1 inhibitor. When 6-CF, a
substrate for both OAT1 and MRP2, was placed in the
aqueous humor of the arterially perfused eye it was actively
cleared from the eye and was measured in the venous
exudate of a vortex vein.

expression/localization of occludin and ZO-1 at the apical cell
junction within 24 to 48 hrs post exposure. Thus, the
reorganization of tight junction associated proteins alone
cannot fully account for the effects of NC-1059 on solute
permeation. Nonetheless, it is clear that NC-1059 enhances
drug permeation across corneal epithelial cell monolayers by
transiently affecting the paracellular pathway. Thus, NC-1059
is a lead compound for development of co-therapeutic agents
to enhance access and effectiveness of ophthalmic
compounds. [NIH support: GM074096; EY015606; T32RR017497; P20-RR017686]
O206
ROLE OF AQUAPORIN-0 IN LENS FIBER CELL
ARCHITECTURE AND TRANSPARENCY

Conclusions: Several OA transporters common to other
barrier and excretory tissues are expressed in the NPE. Active
OA secretion (AH-to-blood) by the ciliary body epithelium may
influence the effectiveness of therapeutic drugs, such as
antivirals, antibiotics and anticancer agents, to treat ocular
diseases.

K. Varadaraj, R.T. Mathias, S.S. Kumari
Physiology and Biophysics, State University of New York at
Stony Brook, Stony Brook, NY, USA
Knockout as well as mutations thus far recorded for AQP0
cause lens cataract while those of AQP1 do not under normal
conditions, underlining the significant role of AQP0 for lens
transparency. Among the multiple functions speculated for
AQP0, only water channel function has been authentically
proven. If AQP0 has only water permeability function, can the
more efficient water channel, AQP1, transgenically expressed
in the fiber cells compensate and restore lens transparency in
the AQP0 null (AQP0-/-) mouse lens? If not, it can be
hypothesized that AQP0 has distinctive role/s in the lens. To
test this, we generated a transgenic AQP0-/- mouse line
(TgAQP1+/+/AQP0-/-) expressing AQP1 in the lens fiber cells
using the fiber cell-specific αA-crystallin promoter. An EGFP
tag was attached to the transgenic construct for easy
identification. Membrane localization and functional expression
of AQP1 transgene were confirmed by RT-PCR,
immunostaining, western blotting, confocal microscopy,
electron microscopy, membrane water permeability assay, cell
culture and lens transparency evaluation techniques. AQP1
and Intact AQP0 were tested separately in adhesion deficient
mouse L-cells for cell aggregation. Using a newly devised
method, AQP1 and AQP0 were also tested for cell-to-cell
adhesion structural property. Expression of the transgenic
AQP1 began at embryonic day 11.25 as reported for AQP0 in
the fiber cells. The transgenic AQP1 showed normal trafficking
and localization. Water permeability of TgAQP1+/+/AQP0-/- lens
increased more than 2-fold compared to that of wild type.
Transgene AQP1 reduced the severity of lens cataract and the
rate of cataractogenesis; however, lens transparency and fiber
cell structural architecture were not completely restored; lens
fiber cells showed less-compact arrangement. Intact AQP0
expressed in the adhesion deficient mouse L-cells significantly
promoted cell aggregation and cell-to-cell adhesion while
AQP1 did not, indicating a possible additional role for AQP0 as
a cell-to-cell adhesion structural protein. Our data from in vitro
and in vivo models indicate that apart from being a water
channel, AQP0 performs at least one additional function of
holding the cells in close proximity to avoid light scattering and
AQP1 cannot replace that function.

Support: NIH grant EY006915
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SYNTHETIC PEPTIDE ENHANCES DRUG DELIVERY
ACROSS CORNEAL EPITHELIUM
B. Schultz1, H. Edelhauser2, J. Tomich3
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NC-1059 is a synthetic channel-forming peptide that provides
for ion transport across, and transiently reduces the barrier
integrity of, cultured epithelial monolayers derived from various
tissues including human intestine (T-84) and airway (Calu-3),
porcine intestine (IPEC-J2) and reproductive duct (PVD9902),
and canine kidney (MDCK). Additionally, a human corneal
epithelial cell line (THCE) was employed for a broader set of
experiments to assess the potential of NC-1059 as an adjunct
to drug therapy for the eye. Culture conditions were identified
to promote formation of a confluent THCE monolayer with
substantial transepithelial electrical resistance. Electrical
parameters were measured with a modified Ussing flux
chamber and solute flux was quantified using fluorescently
labeled compounds. NC-1059 causes a concentration
dependent increase in ion transport and an increase in
transepithelial electrical conductance. Effects of NC-1059 on
electrical parameters were reversible and repeatable. Dextran
(10 to 70 kDa) permeated the corneal cell monolayer in the
presence, but not the absence, of NC-1059. Fluorescein
sodium and carboxyfluorescein were then used as low
molecular weight solute markers with similar NC-1059modulated kinetics being observed. Maximum permeation for
these solutes occurred 30 to 90 min following a 5 min NC1059 exposure. A prototypical drug, methotrexate, also
exhibited increased permeation in the presence of NC-1059. A
final set of experiments conducted with freshly excised and in
vivo rabbit cornea likewise revealed an NC-1059 induced
increase in the permeation of small solutes across the corneal
epithelium. Importantly, the effect of NC-1059 was rapid in
onset, but relatively short-lived (< 90 min). The underlying
mechanism by which NC-1059 enhances paracellular flux
remains to be determined. Recent results employing MDCK
cells revealed an NC-1059 associated decrease in the F-actin
to G-actin ratio and concentration dependent reorganization or
loss of actin cytoskeleton, tight junction proteins ZO-1 and
occludin and adherens junction proteins E-cadherin and βcatenin that occurred over a 15 to 60 min period. Effects of
NC-1059 exposure were reversible with progressive

Circadian, Neuroendocrine and
Neurobehavioral Effects of Light in
Humans
O207
OCULAR PHYSIOLOGY FOR HUMAN CIRCADIAN
PHOTOTRANSDUCTION
G. Brainard
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core body temperature elevation, pupillary constriction, and
increases in subjective and objective measures of alertness.
Several lines of evidence, including analytical action spectra
for melatonin suppression and pupil constriction, suggest that
these responses are mediated primarily via the novel
melanopsin-based photoreception system with shortwavelength sensitivity different from scotopic and photopic
vision (lmax ~460-480 nm). Some totally visually blind subjects
lacking rod- and cone-based vision retain circadian and
neuroendocrine responses to light, and demonstrate shortwavelength sensitivity.

Exposure of the eyes to high levels of white light has been
used to successfully treat patients with selected affective and
sleep disorders as well as healthy individuals who have
circadian disruption due to shift work, transcontinental jet
travel, or space exploration. More light is required to activate
the human circadian and neuroendocrine systems than to
stimulate the visual system. To understand how light
influences nonvisual biology and behavior, it is necessary to
examine the ocular physiology that mediates such photic
effects:

Recent studies show that the recruitment of photoreceptors for
detection of light in circadian resetting and melatonin
suppression varies with light duration and intensity. In
comparisons of the dose response functions for melatonin
suppression during a 6.5 h night-time exposure to 460nm or
555nm light (photopic peak), 555 nm light was relatively more
effective at the start of the 6.5-hour exposure as compared the
end. Similarly, at low irradiances, light-induced phase delays
showed a long-wavelength shift in sensitivity. These data
suggest that human circadian photoreception is a dynamic
process in which the relative contribution of the classical visual
photoreceptors and melanopsin photoreception is determined
by the irradiance, duration, and spectral composition of light.

1) gaze behavior,
2) transmission through the ocular media,
3) pupillary dilation,
4) photoreceptor sensitivity,
5) retinal photoreceptor location,
6) photoreceptor adaptation, and
7) the neural integration of photic stimuli spatially and
temporally.

Translation of these basic findings into real-world applications
is starting to occur including for the treatment of Seasonal
Affective Disorder and improving general alertness and wellbeing in non-clinical populations.

In the past decade, there has been an upheaval in the
understanding of photoreceptive input to the human circadian
and neuroendocrine systems. Two analytic action spectra in
healthy human subjects identified 446-477 nm as the most
potent wavelength region for acute suppression of the pineal
hormone, melatonin. Those data suggested that a novel
photosensory system, distinct from the rods and cones, is
primarily responsible for regulating melatonin in humans. To
date, ten action spectra in rodents, nonhuman primates, and
humans show that the peak wavelength sensitivity for the
circadian system is in the blue portion of the visible spectrum,
fundamentally different from that of the classical visual system.
Further human studies, based on selected wavelength
comparisons, indicate that circadian phase-shifting and the
acute alerting effects of light are shifted toward the shorter
wavelength part of the spectrum for humans.

O209
NON-VISUAL RESPONSES TO LIGHT IN HUMANS: NEW
FINDINGS WITH OLD RECIPES?"
C. Gronfier, H.M. Cooper
Department of Chronobiology, Inserm, U846, Bron-Lyon,
France
Rods, cones and melanopsin-expressing ganglion cells are
involved in non-visual photoreception. The relative contribution
of the classical and non-classical photoreceptors is unknown,
and may even vary as a function of intensity, wavelength,
duration and pattern of light exposure. The effects of prior light
history on non-visual response to light (melatonin suppression)
have been described in the past (Hebert et al. 2002, Smith KA
et al 2004), but the precise mechanisms involved were
unknown. A recent study in humans has shown that pupillary
constriction in response to short wavelength light could be
modulated by prior light exposure, and that this response was
due to the bistable property of melanopsin (Mure et al, PLoS
one, 2009). We recently re-evaluated this property in young
and aged subjects, using different markers of non-visual
sensitivity to light. Our results show that, although to a smaller
degree, the sensitivity of the circadian timing system
(assessed through melatonin suppression), responds similarly,
i.e., its response is enhanced by prior exposure to red light.
These results are of important significance as they could be
applied in the treatment of chronobiological and affective
disorders.

In terms of the basic anatomy and physiology of the
photosensory system that supplies input to the circadian and
neuroendocrine systems, a small population of widely
dispersed retinal ganglion cells is directly responsive to light
and project to the suprachiasmatic nuclei. These intrinsically
photosensitive retinal ganglion cells contain melanopsin, a
vitamin A photopigment that mediates phototransduction in
these cells. Although the light detection for circadian regulation
seems to be mediated principally by this novel photosensory
system, the classic rod and cone visual photoreceptors have a
role in modulating these responses.
Support: National Space Biomedical Research Institute under
NASA Agreement NCC 9-58; NASA #NNX09AM68G; NIH
NS040982; and NIH AT002129.
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HUMAN CIRCADIAN PHOTORECEPTION
S.W.L. Lockley

HUMAN RETINAL FUNCTION MODULATION WITH
POLYCHROMATIC VERSUS MONOCHROMATIC RED AND
BLUE LIGHT HISTORIES

Division of Sleep Medicine, Brigham and Women's Hospital,
Harvard Medical School, Boston, MA, USA

M. Hebert1, A.-M. Gagné1, P. Gagné2, F. Lévesque3

In addition to visual function, the mammalian eye detects light
for a range of behavioral and physiological responses
separate and apart from sight including circadian resetting,
melatonin suppression, cortisol enhancement, heart rate and
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genetic marker (VNTR polymorphism in PER3) for interindividual differences in the build up of homeostatic sleep
pressure and the negative effects of sleep loss on
performance and brain activity to further investigate these
interactions in humans.

Background and aims: It has been demonstrated that
patients with seasonal affective disorder (SAD) demonstrate
an altered sensitivity to light as measured with
electroretinography (ERG). We have also shown that light
sensitivity in healthy controls can be altered with light history
when using one hour exposure to 10,000 lux, compared to one
hour of room light (100 lux). This contrast with SAD patients, in
whom a decrease in rod ERG amplitude is observe after a
10,000 lux exposure with no further change in sensitivity. Our
goal was to establish if the change in rod ERG amplitude in
SAD patients could be explained by the presence of blue
wavelengths in the bright light condition which could suggest a
particular “sensitivity” to blue light response.

Results demonstrate that the non-visual impact of light
exposure on brain function depends on changes in circadian
phase and homeostatic sleep pressure and are more
important after extended wakefulness (25h) in individuals the
sleep loss vulnerable genotype (PER35/5) as compared with
the less vulnerable genotype (PER34/4). During sleep loss,
blue light exposure restored brain responses of PER35/5 in
higher-order frontal and parietal cortical areas in which
responses decreased in darkness.
We then investigated the influence of season change
sensitivity on the non-visual impact of light on brain function by
comparing patients suffering from Seasonal Affective Disorder
(SAD) and healthy controls. Participants performed an auditory
emotional task while being alternatively exposed to blue
(480nm; 1.1 x 1013 ph/cm2/s) and green (550nm - 0.8 x 1013
ph/cm2/s) monochromatic light. SAD patients showed a
specific pattern of response to emotional auditory stimuli with
an increased activation of the hypothalamus under blue light
exposure and a decreased activation in the same
hypothalamic region under green light exposure.

Methods: Ten healthy controls aged between 20 and 36 years
old (mean 28.1 SD 4.3) and ten SAD patients (tested during
their depressive episode) aged between 22 and 36 years old
(mean 28.3 SD 4.4) were exposed for one hour to blue light
and one hour to red light on different days. Each exposure was
followed by 10 min of light adaptation (about 300 lux) followed
by a cone ERG and 30 min of dark adaptation followed by a
rod ERGs (luminance response functions). Blue (420-520 nm;
peak:470 nm;) exposure was set at 450 µW/cm2 and Red
(600-670 nm; peak:635 nm) at 850 µW/cm2 which represent
their respective amounts found in the 10,000 lux condition
(OceanOptics, Dunedin, FL).

We previously reported that the non-visual impact of light on
brain function depended on the dose and wavelength of the
exposure and on the brain region considered. The present
findings reveal that circadian phase, sleep homeostasis, PER3
genotype and season change sensitivity also profoundly
modify brain response non-visual sensitivity.

Results: A significant effect of condition for both the photopic
(F 1,18= 35,77 P< 0,001) and scotopic Vmax amplitude (F
1,18=20,11 P=0,0003) was observed. When compared to the
red light, blue light yielded to a significant ERG reduction of
about 11% and 8.5% at the cone level and 7.4% and 11% at
the rod level in controls and SAD respectively.

New Photonic-based Tools/Technology for
the Cornea

Conclusions: Blue monochromatic light exposure appears to
modulate both cone and rod response in a similar fashion. It
would appears that in SAD patients, blue monochromatic light
can induce a similar change in amplitude as the one observed
when using polychromatic bright light. Contrary to controls, it
appears that SAD patients'retinal function is modulated
similarly by blue light, either monochromatic or as part of a
polychromatic light.

O212
EXPLORING THE USE OF SINGLE CYCLE PULSES AND
BEAM SHAPING FOR CORNEAL SURGERY
J.-C. Kieffer

Acknowledgement: Funding supports: CIHR MOP 82707 to
M.Hébert and MOP 83624.

Canada., INRS-EMT, Varennes, QC, Canada
Purpose: We discuss here the generation of near single cycle
pulses in order to test our numerical model of laser ablation. A
key parameter for characterizing the laser-tissue interaction is
the ablation threshold, which is defined as the minimum laser
energy per unit surface (fluence) required to induce detectable
changes in a material

O211
LIGHT IMPACT ON NON VISUAL BRAIN FUNCTIONS
DEPENDS ON CIRCADIAN PHASE, HOMEOSTATIC SLEEP
PRESSURE, PER3 GENOTYPE AND SEASON CHANGE
SENSITIVITY

Setting: Institut national de la recherche scientifique - Énergie,
Matériaux et Télécommunication, Varennes, QC, Canada

G. Vandewalle
Psychology, University of Montreal, Montreal, QC, Canada

Methods: The dependence of the ablation threshold on pulse
duration, above 30fs, has been well documented in dielectrics
and in corneas. The wavelength dependence of the ablation
threshold has also been discussed in several papers. However
only a few results have been reported with single cycle pulses.
Our previous experiments on ablation as a function of pulse
duration and of wavelength gave only a partial benchmark of
our modeling. In our experiments, the ablation threshold
showed a plateau-like region between 100 fs and about 1 ps
and increased for larger pulse durations. Our numerical
modeling for short pulse durations indicated that the plateaulike region was extending to about 30 fs, and then was
decreasing rapidly for shorter pulses.

Light constitutes the principal synchronizer of circadian
rhythms to the 24h day-night cycle but also conveys a direct
wake-promoting signal which enhances alertness and thereby
can profoundly modulate waking performance and cognition.
These responses are mediated by the recently discovered
melanopsin-dependent and the classical photoreception
systems. We have investigated non-visual effects of light on
various brain functions (working memory, attention, updating,
emotion processing) in a series of fMRI and PET studies and
identified some of the areas and pathways mediating these
effects during either the day or night.
Recent data in nocturnal rodents suggest that the non-visual
effects of light on sleep propensity are modulated by both
circadian phase and homeostatic sleep pressure. We used a

Results: High energy near single cycle pulses are now
currently produced at the Advanced Laser Light Sources
(ALLS) facility. We will present the methods used to generate
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and characterize these near single cycle pulses (from 7fs at
800nm to 11fs at 1.8µm) and the results obtained with these
pulses for ablation threshold with silica targets. We will also
present preliminary ablation experiments with very short
pulses having various spatial intensity distributions.
Conclusions: The experiments confirm the prediction of the
model. This is of great interest since it suggests the possibility
of generating microcavities in tissues by using smaller
amounts of energy, thus reducing even more the damages to
the surrounding tissues.
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HIGH-RESOLUTION IMAGING OF CORNEA BY SECONDAND THIRD-HARMONIC GENERATION MICROSCOPY
T. Ozaki1,2, L. Jay1,2,3, A. Brocas1,2,3, K. Singh1,2, J.-C. Kieffer1,
I. Brunette2,3
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Background: Second harmonic generation (SHG) and third
harmonic generation (THG) microscopy are nonlinear optical
microscopy (NLOM) methods that have attracted interest for
biological tissues. However, most demonstrations of NLOMs
up to now have been detected in the forward direction. This is
especially true for transparent tissue such as the cornea,
where low scattering results in weak SHG/THG signals in the
backward direction. In this paper, we demonstrate the
simultaneous use of backward SHG and THG microscopy for
high-resolution imaging of the cornea in a whole pig eye.

O214
ULTRASHORT PULSE LASER SURGERY IN SCATTERING
OCULAR TISSUE
K. Plamann1, F. Aptel2, C.L. Arnold1, A. Courjaud3, C. Crotti1,
F. Deloison1, F. Druon4, P. Georges4, M. Hanna4, J.-M.
Legeais5, F. Morin4, É. Mottay3, T. Marciano1, V. Nuzzo1, D.A.
Peyrot1, M. Savoldelli5

Method: We use a homemade upright microscope coupled to
a femtosecond Yb:KGW oscillator (2W, 200 fs, 1.03 µm
wavelength). 3D scanning of the sample is performed by
motorized stages. For focusing the pump beam onto the tissue
and collecting the backward harmonic signals, we used a 60´
water-immersion objective. The harmonic signals are detected
using two photomultiplier tubes, and their photocurrents are
collected by a computer. We used fresh pig eyes from a
slaughterhouse within 6 hours from death. All experiments
were done on whole eyes. These eyes were put in a metallic
holder translated by translations stages.
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Purpose: While corneal surgery assisted by ultrashort pulse
lasers has become an established technique for refractive
surgery, the routines for keratoplasty offered by the same
systems are less used because optical scattering
compromises the surgical results when working on
pathological cornea. Our contribution will present theoretical
considerations and experimental measurements which
suggest that a modification of the laser parameters and
notably the wavelength may help to overcome this problem.
We will show new laser sources which are optimised for
surgery in scattering tissue.

Results: We have shown that even in a whole eye, backward
SHG could image the stroma, whereas backward THG could
image the corneal layers, including the epithelium, the
Descemet´s membrane and the endothelium. We have also
shown that backward THG microscopy could also image thin
intrastromal cuts, as shown In Fig. 1. In this figure, we can
clearly see from the THG image a line starting from the white
arrow and extending to the black arrow, which corresponds to
the cut. Such a cut is not visible in the SHG image, which we
attribute to the thinness of the cut, combined with the lack of
contrast by the surrounding media.

Methods: The optical properties of the tissues of the anterior
segment of the eye may be closely linked to the ultrastructure
of the tissue. In healthy cornea, the collagen fibrils are
organised in a locally regular pattern which results in a
homogeneous effective refractive index and explains corneal
transparency. However, most indications for keratoplasty
(corneal grafting) imply oedema, particularly in endothelial
dystrophies, where the extracellular fluid content in the cornea
increases and the corneal ultrastructure is perturbed. This
results in increased optical scattering, which has been shown
to strongly depend on the laser wavelength. The choice of the
optimal wavelength is a trade-off between reduced scattering
and increased. A window of optical transparency exists
between 1.6 and 1.8 µm, for which unfortunately no compact
laser source is presently available. We will present two
systems based on nonlinear optics and fibre laser technology
which may potentially be used in a clinical context. Ex vivo
experiments with these laser systems have been performed on

Conclusion: We demonstrate high-resolution imaging of
various corneal layers and lamellar cuts in the cornea of a
whole pig eye, using combined SHG and THG microscopy.
The current results show the excellent ability of THG
microscopy to resolve thin and low-contrast interfaces.
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eye bank corneas and the incisions obtained have been
examined using histology and transmission electron
microscopy.

Adaptive Optics Refraction and Imaging of
the Eye

Results: Measurements on healthy and oedematous tissue
confirmed that indeed light scattering decreases strongly as
the wavelength increases. Transparency measurements as a
function of the treatment of the corneal in a special deswelling
solution revealed that the physiologic thickness of the tissue
corresponds to maximal tissular transparency. Surgical
experiments using a wavelength-tuneable optical parametric
amplifier (OPA), a specially developed erbium-doped fibre
laser and a wavelength-tuneable optical parametric generator
(OPG) showed that the penetration depth of the surgical laser
beam in scattering tissue could be considerably improved with
respect to the laser sources which are typically used. Good
quality transfixing incisions could be obtained in strongly
oedematous cornea and even in sclera with moderate pulse
energies.

O217
EXPLORING THE OPTICAL AND NEURAL LIMITS OF
HUMAN VISION
A. Roorda1,2, E.A. Rossi2, J.C. Horton3, L.C. Sincich3
1

School of Optometry, 2Vision Science Graduate Group,
University of California, Berkeley, 3Ophthalmology, University
of California, San Francisco, CA, USA
Challenges in understanding the limits to vision are imposed
by optical aberrations and eye movements, both of which are
large relative to retinal structures and receptive fields at and
near the fovea. Adaptive optics (AO) correct optical
aberrations, providing microscopic access to the retina in the
living eye. Systems that combine AO with eye tracking offer
unique ways to reveal foveal and parafoveal limits to vision. In
our lab, the two-channel adaptive optics scanning laser
ophthalmoscope (AOSLO) can simultaneously micro-stimulate
the retina and image its structure at video rates. In human
studies we find that immediately outside of the foveal center,
spatial vision degrades faster than predicted by cone
photoreceptor spacing, suggesting that ganglion cell receptive
field centers may comprise more than one cone, even at such
low eccentricities. In an effort to confirm these findings, we
present a system that combines adaptive optics imaging, realtime eye tracking, targeted cone stimulation and
electrophysiological recording to map and identify individual
cones that comprise receptive fields in the macaque. Early
results indicate that cone fields may be larger and more
complex than previously thought. Technical efforts that are
underway to map the cones fields and identify their cone
subtypes will be described.

Conclusion: The development of optimised ultrashort pulse
lasers may considerably improve the outcome of laser surgery
methods in scattering ocular tissue.
O215
NEW UV LIGHT SOURCE FOR THE RIBOFLAVIN
MEDIATED CROSS-LINKING OF COLLAGEN: DESIGN
AND PERFORMANCE
R. Munger, M. Latorre, K. Merrett, M. Griffith
University of Ottawa Eye Institute, Ottawa Hospital Research
Institute, Ottawa, ON, Canada
Purpose and aims: Design and validation of a new low cost
UV light source for the riboflavin mediated crosslinking of
collagen as an alternative to the clinical sources for use in
research applications.
Methods: The source is designed around multiple low power
diodes operating at 385nm and uses optical feedback to
control the source power supplies to maintain optical power. A
non lensing optical system delivers a spatially uniform beam
with low sensitivity to tissue position. The source performance
is compared to a commercially available clinical UV light
source. Partially crosslinked (crosslinking ration = 0.3) were
treated as per the clinical protocol for corneal crosslinking and
changes in Youngs modulus measured using a commercial
device (Instrom) for the commercial and new device.

O218
AOSLO IMAGING ACROSS THE VISUAL FIELD
S.A. Burns, H. Song, Z. Zhong, T.Y.P. Chui, A.E. Elsner
School of Optometry, Indiana University, Bloomington, IN,
USA
Background: Adaptive Optics Imaging now allows us to
regularly image the living human retina at cellular resolutions.
However, because only a small angular extent of the retina
can be optically corrected at any instant, the field of view of
most AO imaging systems is severely limited.

Results: The new source has a Gaussian intensity distribution
across a 20 mm field with less than 2% drop in intensity from
the mean across the whole field. Local uniformity is better than
1% of the lamp intensity. The optimal sample position, highest
intensity, is 2cm from the exit port of the source with nonsignificant changes in intensity over 2cm on either side. No
images of the diodes is created at any point outside of the
source optics, so no hot spots are created at any working
distance beyond the source. After a warm up period, the
power delivered over a 30 minute treatment is always within
1% of the target power. The induced increase in tensile
strength of the collagen matrix the same for both sources.

Methods: We have constructed a second generation AO
platform (AOSLO and AOOCT). The system uses two
deformable mirrors simultaneously, allowing has allowed us to
correct subjects +2D to -8.5D of refractive error automatically.
The system also allows us to rapidly move the field of view of
the adaptive optics imaging across the retina at or near the
diffraction limit, while simultaneously providing a lower
resolution, broad field of view image. The AO raster can be
visualized on the wide field image, which means that the
experimenter can have the subject fixate a given spot and
move to any desired region of interest in the posterior 25
degrees of the retina. Systematic measurements can be made
by applying known voltages to deflection mirrors, which allows
rapid complete coverage of a larger retinal region

Conclusion: A new source has been designed which in the
research environment can replace expensive clinical sources
for non-clinical research in riboflavin mediated crosslinking of
collagen.

Results: Data can be rapidly acquired across the visual field
with imaging intensities (for a 1.6 by 2 degree field) or 160 uW
or less. Quantification of cone packing density in a series of
subject along the vertical and horizontal meridia (± 10
degrees) was performed in a single session. We find that the
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cone photoreceptor packing distribution varies significantly
with age and there is an interaction between age and retinal
meridian. We also used this system to shift the plane of focus
to the inner retina and image blood vessels and nerve fiber
layer. By imaging blood vessels we have made precise
measurements of blood flow within arteries and veins and
obtained time resolved velocity profiles with the blood vessels.
Software has been developed to help montage the multiple
views and also to extract the cone packing density of the
montages semi-automatically.

TWO-PHOTON IMAGING OF THE PHOTORECEPTOR RPE
COMPLEX IN PRIMATES
J.J. Hunter1, B. Masella1,2, A. Dubra1,3, R. Sharma1,2, L. Yin1,
W.H. Merigan1,3, G. Palczewska4, K. Palczewski4,5, D.R.
Williams1,2
1
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Institute, University of Rochester, Rochester, NY, 4Polgenix,
Inc., 5Department of Pharmacology, Case Western Reserve
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Conclusions: Adaptive Optics imaging can now provide rapid
data acquisition over wide regions of the posterior pole with
only minimal subject participation. This allows not only more
rapid data acquisition, but also an increased ability to
understand changes in retinal structure across individuals.

Background and aims: Two-photon fluorescence imaging
can visualize short wavelength-sensitive fluorophores that
would otherwise be inaccessible in the living eye, providing the
potential to image structures and molecular events in the living
retina. Using two-photon imaging through the sclera of the
living mouse eye, changes in retinyl ester storage in retinal
pigment epithelial (RPE) cells during the retinoid cycle have
been observed (Imanishi et al, 2004). This technique is
restricted to peripheral retina locations. Two-photon imaging
through the pupil is required to access central retinal locations,
but is a challenge because of the poor optical quality of the
eye, the low numerical aperture, and the required high light
levels. By using adaptive optics to correct the optics of the eye
across a large pupil, producing a near diffraction-limited spot
on the retina, we have demonstrated the feasibility of in vivo
two-photon imaging in macaque retina.

O219
A NEW FERROFLUID MIRROR TO ENABLE TWO PHOTON
TREATMENT IN THE EYE
M. Campbell1,2
1

Physics and Astronomy and School of Optometry, University
of Waterloo, 2Guelph Waterloo Physics Institute, Waterloo,
ON, Canada
Rodent eyes have been utilized as important models for eye
diseases. We wish to develop a localized light based therapy
for age-related macular degeneration (AMD) and other ocular
diseases involving blood vessel angiogenesis. Two-photon
excitation photodynamic therapy (TPE-PDT) occurs when two
photons are simultaneously absorbed by a photosensitizer,
providing temporally and spatially localized treatment. We will
test TPE-PDT in an in vivo retina in the rat model of AMD.
Measurement and correction of the optical aberrations of the
rat eye will enable both the localized light delivery needed for
TPE-PDT and high resolution imaging of structures at the rear
of the eye, allowing the tracking of induced blood vessels and
their treatment via TPE-PDT. However, optical aberrations of
rodent eyes are known to be larger than those of normal
human eyes.

Methods: A dispersion-compensated Ti:Sapph laser source
was incorporated into the excitation path of an adaptive optics
scanning laser ophthalmoscope (AOSLO). In the living
primate, 1.5° square retinal regions were imaged. The nondescanned emission was collected between 390 nm and 550
nm. We registered up to 18,000 low signal-to-noise ratio
(SNR) two-photon images (12 minute acquisition) based on
the eye motion observed with simultaneously acquired high
SNR near-infrared reflectance images of the cone mosaic. To
better understand the in vivo results, intact ex vivo retina and
RPE were imaged within 6 hours of enucleation using a twophoton microscope.
Results: Using light levels that do not produce observable
retinal damage (as observed with AOSLO imaging, fundus
photography and fluorescein angiography), we successfully
obtained two-photon fluorescence images that appear as a
regular array of spots. The fluorescence signal was
proportional to the square of the incident power, confirming the
two-photon nature of the fluorescence. Ex vivo imaging
reveals the same structures and they correspond to the cone
mosaic. In response to photopigment bleaching, the in vivo
two-photon signal initially increases, with a subsequent
reduction, showing that the fluorophore lies within or behind
the photoreceptors.

Ferrofluid mirrors used as adaptive optics elements have the
potential to improve the resolution and contrast of images of
ocular structures as well as to localize light at the fundus of the
eye. This has important applications in ophthalmology,
including the diagnosis, treatment, and understanding of
ocular diseases. Because of their low cost and large stroke,
ferrofluidic mirrors could find widespread use in clinical
settings. Much current adaptive optics technology used in
vision science is expensive. Recent micro electro-optical
mechanical systems (MEOMS) devices are less expensive but
currently have small stroke, limiting the amount of ocular
aberration they can correct. Larger stroke is important for
some diseased eyes, known to have larger aberrations and for
rodent eyes, including models of AMD.

Conclusions: In the primate eye, we have successfully
performed in vivo high resolution two-photon imaging, a critical
step towards noninvasive monitoring of retinal structure and
function.

We have induced and tracked AMD-like damage in vivo. We
present a novel ferrofluid mirror design. As previously
proposed by others, a large uniform magnetic field is applied
perpendicular to the surface of the ferrofluid. The amplitudes
of mirror deformation are then linearly dependent on the
magnetic field of the actuators. This also reduces the current
requirements for the actuators and permits the removal of the
ferrite cores. It is then possible to fabricate smaller actuators
with a higher density of surface coverage. Linearization of the
FDM response also makes negative deformations possible.
We present an AO corrected instrument for the delivery of
TPE-PDT to the retina. The AO devices described could also
be important in the diagnosis, tracking and treatment of other
eye diseases.

O221
TOWARDS CLINICAL ADAPTIVE OPTICS OPHTHALMIC
IMAGING
A. Dubra
Flaum Eye Institute, University of Rochester, Rochester, NY,
USA
Aims: Ophthalmic adaptive optics (AO) instrumentation has
allowed non-invasive in vivo visualization of the cone
photoreceptor mosaic, the retinal pigment epithelium cell
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mosaic, the finest retinal capillaries and other microscopic
retinal structures. However, due to the complexity of the
design, troubleshooting and operation, these instruments have
been confined to research environments. The goal of this work
is to present a set of simple rules that provide a systematic
approach to the optical design of ophthalmic AO instruments.

promising advance is the work being done to improve tunable
luminescent nanocrystals (Quantum Dots) and efficientlyscattering gold nanocrystals for biological labelling. Surface
coatings are being developed that minimize non-specific
binding and stoichiometric conjugation to enzymes, proteins
and polypeptides, and so improve specific cell labelling
capacity. Gold nanocrystals larger than 50 nm are highly
efficient scatterers and their scattering wavelengths may be
tuned by changing the nanocrystal morphology and size.
Quantum dots have the advantage of being very photostable
with narrow emission bands, meaning that simultaneous
multispectral investigations are becoming potentially viable.
This talk describes our laboratory's forays into combining AO,
supercontimuum light sources and novel specific-cell labelling
systems to advance multi-spectral high-resolution retinal
imaging opportunities.

Methods: A theory for compensating astigmatism in reflective
off-axis AO retinal imaging instruments was applied for the first
time to a research-oriented scanning laser ophthalmoscope
(SLO), capable of multi-wavelength, multi-layer and wide-field
imaging (2.5x6.0°). The AO-SLO performance was then
evaluated by imaging the human retina in vivo non-invasively.
Sequences of recorded images were registered to
compensate for distortion due to eye motion and then
averaged to increase signal-to-noise ratio.
Results: The astigmatism compensation in the research AOSLO reduced optical blur due to both monochromatic
aberrations and optical scanning in planes conjugate to the
eye's pupil. The theoretical optical performance of the
instrument is limited by diffraction. This results in better
sensing and correction of wavefront aberrations with higher
spatial frequencies. Optical performance was also improved in
retinal conjugate planes. Images obtained with the research
AOSLO in which individual rod photoreceptors and sub-cellular
structure in the nerve fibre layer can be resolved will be
presented. A more clinically oriented, single-wavelength,
narrow field of view (2.5x2.5°) instrument with a small footprint
(< 1 sq. ft.) was also designed.

Supported by a University of Melbourne Interdisciplinary Seed
Funding Scheme (2010) Grant to A. Metha, P. Mulvaney, P
Bedggood and A. Funston, and an Australian Research
Council Discovery Grant (DP0984649) to A. Metha, P. Martin,
U. Grünert and P. Bedggood.

Molecular Therapy
O223
CARBOHYDRATE METABOLIC INTERMEDIATES AND
REGULATION OF ANGIOGENESIS: GPR91, A NEW
TARGET FOR THERAPY

Conclusions: Applying simple optical design rules for
astigmatism and coma reduction leads to AO ophthalmic
instrumentation with diffraction-limited optical performance and
dimensions comparable to those of existing clinical
instruments.
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Background: Microvascular degeneration following ischemia
is a major contributor to pathologies such as retinopathy of
prematurity (ROP) and stroke, making adequate revascularization paramount for restoration of tissue integrity.
Although VEGF has dominated the spotlight in this process, a
number of other cellular elements may orchestrate this
process. As vascular supply is tightly coupled to tissue energy
consumption, a role for metabolic intermediates, especially
from the Krebs cycle such as succinate, in angiogenesis is
conceivable. Given the recent identification of a specific Gprotein coupled receptor for succinate (GPR91) and our
detection of this receptor on retinal ganglion cells (RGCs), we
investigated the propensity of these neurons to regulate vessel
growth via GPR91 and succinate.

TOWARDS MULTI-SPECTRAL ADAPTIVE OPTICS
RETINAL IMAGING USING NOVEL NANOCRYSTALLINE
MATERIALS
A. Metha, P. Bedggood
Department of Optometry & Vision Sciences, The University of
Melbourne, Parkville, VIC, Australia
Visualising individual cells of a living retina and differentiating
their type is a major goal of ophthalmic imaging with promise
for diagnosis and monitoring of retinal conditions in humans as
well as understanding development and disease processes
using animal models. Recent efforts have benefitted much
from improvements brought about by adaptive optics (AO)
technologies and methods, so that visualization of cone
photoreceptors, for example, is now routine in several
laboratories. Because of their high and punctuate reflectivity,
the contrast of cone photoreceptor images can be made
suitably high so that discernment is easy, however the signal
contrast required to differentiate among cone types, or indeed
visualise other cell types, remains troublingly low. While cones
have been differentiated on the basis of spectral differences in
labile photopigment by selective bleaching followed by imaging
with narrowband light, direct classification attempts have been
frustrated by the lack of suitable light sources in different parts
of the visible spectrum. The advent of affordable
supercontinuum light (400-2400nm), generated by passing
picosecond-pulsed laser light through a length of non-linear
photonic crystal fibre, is poised to make an impact on this
limitation. For other potentially resolvable cell types, image
contrast may be greatly improved by exciting endogenous
fluorophores (e.g. the lipofuscin behind retinal pigment
epithelial cells) or tagging, for instance, ganglion cell types or
cells comprising the vasculature, with antibodies bound to
Green Fluorescent Protein. Along these lines, another

Methods: Succinate levels were assayed by GC-MS in
ischemic retinas. GPR91 expression was examined in retina
(Western blot and immunohistochemistry). The RGC-5 cell line
served as an ex-vivo model of RGCs. Neuronal ability to
promote vessel sprouting was determined in aortic rings
cultured in RGC-5 conditioned media (+/- succinate).
Angiogenic factor levels (VEGF, Angiopoietins 1 & 2 and
Thrombospondin-1) were assessed by real-time PCR and
Western blot in neurons exposed to succinate. In vivo analysis
included assessing retinal vascular growth following GPR91
inhibition both during development and during an oxygen
induced retinopathy model of ROP.
Results: GPR91 was mostly localized on RGCs in vivo.
Succinate accumulated in the hypoxic retina. GPR91 was
robustly expressed in RGCs. Aortic rings treated with
conditioned media from RGCs primed with succinate showed
a significant increase in vessel sprouting as compared to those
from GPR91 deficient (siRNA-GPR91) neurons. In line with
these findings, we observed an increase in production of
VEGF and Angiopoietins 1 & 2 and a suppression of the anti-
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angiogenic thrombospondin-1, following exposure to
succinate. Downregulation of GPR91 in rat pup retinas (using
shRNA GPR91) both hindered developmental angiogenesis
and blocked the excessive vasoproliferation associated with
oxygen-induced retinopathy. Likewise, genetic and acquired
(post-optic nerve axotomy) degeneration of RGCs abolished
GPR91 expression and succinate-induced vasoproliferation.

Upon exposure to cells, POD traverses the plasma membrane
of human embryonic retinoblasts in culture within 5 minutes
without toxicity. Upon intraocular injection in mice, POD enters
ganglion cells, bipolar cells, photoreceptors and retinal
pigment epithelium. Upon topical application to mouse eyes,
POD enters the superficial layer of the corneal epithelium and
the sclera/ choroid. Genetic fusion of POD to whole proteins
such as GFP permits the entry of POD-GFP protein into
ganglion cells, photoreceptor cell bodies and retinal pigment
epithelium. Pegylation (PEG) of POD peptide with a 10Kd
polyethylene glycol moiety followed by non-covalent linking
with plasmid DNA causes PEG-POD to spontaneously
collapse into homogenous spherical nanoparticles of
approximately 120 nm in size. These nanoparticles can deliver
a luciferase or other marker transgene to the retinal pigment
epithelium of mice following subretinal injection.

Conclusion: Our data point to a mechanism where in a time
of energy mismatch, neurons, prompted by succinate, release
pro-angiogenic factors; in this context, succinate appears to
exert robust regulation of numerous major angiogenic factors.
Findings provide a novel therapeutic target for modulating
excessive revascularization such as in ischemic retinopathies
like ROP (and likely of diabetes).
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Using PEG-POD DNA nanoparticles, we delivered a transgene
encoding glial cell line-derived neurotrophic factor (GDNF) into
a blue-light induced model of photoreceptor apoptosis. Using a
variety of criteria including electrophysiology, histology,
TUNEL, caspase activity and nucleosome release assay, we
provide evidence that PEG-POD-GDNF nanoparticles can
reduce apoptosis and the rate of retinal degeneration in mice.

THE DISRUPTION OF THE ROD DERIVED CONE
VIABILITY GENE LEADS TO PHOTORECEPTOR
DYSFUNCTION AND SUSCEPTIBILITY TO OXIDATIVE
STRESS
T. Léveillard1, T. Cronin1, I. Lee-Rivera1, C. Jaillard1, E.
Clérin1, J.-A. Sahel2
1

Genetics, 2Genetics and Therapy, Institut de la Vision, Paris,
France
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Rod-derived Cone Viability Factor is a thioredoxin-like protein
which has therapeutic potential for rod-cone dystrophies such
as retinitis pigmentosa (RP). Cone loss in rodent models of RP
is effectively reduced by RdCVF treatment. Here we
investigate the physiological role of RdCVF in the retina by
analyzing the phenotype of the mouse lacking the RdCVF
gene, Nxnl1. While the mice do not show an obvious
developmental defect, an age-related reduction of both cone
and rod function and a delay in the dark-adaptation of the
retina are recorded by electroretinogram (ERG). This
functional change is accompanied by a 17% reduction in cone
density and a 20% reduction in thickness of the outer nuclear
layer. The transcriptome of the retina reveals early changes in
the expression of genes involved in programmed cell death,
stress-response and redox-signaling which is followed by a
generalized injury response with increased microglial
activation, GFAP, FGF2 and lipid peroxidation levels.
Furthermore cones of the mice lacking Nxnl1 are more
sensitive to oxidative stress with a reduction of 65% in the
cone flicker ERG amplitude measured under hyperoxic
conditions. We demonstrate here that the RdCVF gene, in
addition to therapeutic properties, has an essential role in
photoreceptor maintenance and resistance to retinal oxidative
stress.

SYSTEMIC DRUG TREATMENT OF RETINAL DISEASE BY
REVERSIBLE MODULATION OF THE INNER BLOODRETINA BARRIER
M. Campbell1, M.M. Humphries1, A.T.H. Nguyen1, O.L.
Gobbo2, L.C.S. Tam1, A.-S. Kiang1, M. Suzuki1, F. Hanrahan1,
G.J. Farrar1, P.F. Kenna1, P. Humphries1
1

Ocular Genetics Unit, Department of Genetics, Trinity
College, 2School of Pharmacy and Pharmaceutical Sciences,
Trinity College Dublin, Dublin, Ireland
An estimated 98% of low molecular weight drugs, many with
established neuroprotective and antineovascular function and
which could be used in systemic treatment of neuronal or
retinal disease, do not cross the blood-brain (BBB) or inner
blood-retina barriers (iBRB), or do so with only very limited
efficiency. We incorporated a gene encoding shRNA targeting
claudin 5, a protein enriched at tight junctions of neuronal and
inner retinal microvasculatures, into the genome of an AAV2/9
virus such that the gene could be induced by doxycycline.
Following stereotaxic inoculation into selected areas of the
brain, or sub-retinal inoculation into mice, localized areas of
the blood-brain or the inner blood-retina barriers can be
rendered permeable to low molecular weight compounds (up
to approx. 1kD) by down-regulation of claudin 5 for the period
of time over which the inducing agent is administered. In this
way, barrier permeability can be tightly controlled. The process
does not induce neuronal or retinal oedema, it has no
significant impact on neuronal transcriptional profiles and has
no negative impact on visual function. We have used the
technique to prevent light-induced retinal degeneration in wildtype mice and to improve vision in mice with a targeted
disruption of the IMPDH1 gene, a model of autosomal
recessive retinitis pigmentosa, in both cases by systemic drug
treatment following barrier modulation (1). Up to 40% of cases
of autosomal dominant retinitis pigmentosa are caused by
mutations within the rhodopsin, RDS-peripherin and IMPDH1
genes and up to 30 mutations within these genes encode
proteins that manifest their pathological effect by misfolding
and aggregating. The major pathological features of the
exudative form of age-related macular degeneration and of
proliferative diabetic retinopathy are choroidal and inner retinal
neovascularisation respectively. Data will be presented to
show that retinal degenerations in mice caused both by protein
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PEPTIDE FOR OCULAR DELIVERY (POD) ENABLES
DELIVERY OF DRUGS, PROTEINS AND DNA TO THE
RETINA: APPLICATION TO RETINAL DEGENERATION
R. Kumar-Singh
Ophthlamology, Tufts University School of Medicine, Boston,
MA, USA
Basic and acidic Fibroblast Growth Factor (FGF) are two
proteins abundantly present in the retina. By use of molecular
modeling of the glycosaminoglycan binding regions of basic
and acidic FGF, we have designed a novel peptide potentially
useful for the delivery of small molecule drugs, proteins and
macromolecules including plasmid DNA and quantum dots
across the plasma membrane of retinal cells. We refer to this
peptide as 'Peptide for Ocular Delivery' or POD.
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misfolding and by neovascularisation, can be suppressed by
systemic drug treatment following AAV-mediated reversible
barrier modulation. This represents a new and potentially
powerful approach to molecular therapy for such conditions.

expression will have damaging effects within the retina. Our
results indicate that a local, regulated expression can
effectively inhibit CNV, and offers the further possibility of a
prophylactic treatment for neovascular AMD.

1. Campbell M, Nguyen AT, Kiang AS, Tam LC, Gobbo OL,
Kerskens C, Ni Dhubhghaill S, Humphries MM, Farrar GJ,
Kenna PF, Humphries P. An experimental platform for
systemic drug delivery to the retina. Proc Natl Acad Sci U S A.
2009, 106(42):17817-22

Cataract II: Lens Defense and Repair
Systems
O228
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CYSTINE DELIVERY TO THE LENS: A STRATEGY TO
PREVENT AGE RELATED NUCLEAR CATARACT?

HIF-1 REGULATED, RPE-SPECIFIC, ENDOSTATIN GENE
THERAPY INHIBITS CHOROIDAL NEOVASCULARIZATION
IN A MURINE MODEL

P. Donaldson1,2, B. Li1,2, T. Sherwin2,3, J. Lim1,2
1

Optometry and Vision Science, 2NZ National Eye Centre,
Ophthalmology, University of Auckland, Auckland, New
Zealand

J. Blanks1, G. Smith1, E. Hernandez2, H. Prentice3, M.
Biswal1, T. House4, C.K. Dorey5

3

1

In the rat lens we have identified the cystine/glutamate
exchanger XC- as a potential pathway to enhance the levels of
the low molecular mass antioxidant cysteine specifically in the
lens nucleus. Here we have translated our initial findings from
rat to human lenses to examine whether Xc- is also expressed
in the human lens and to determine the ability of cultured
human lenses to accumulate cystine and reduce it to cysteine.
Human lenses were obtained from organ donors sourced
through the New Zealand National Eye bank. XC- expression
was determined at the transcript and protein levels by RT-PCR
and Western blotting, respectively. Immunohistochemistry
utilising an antibody directed against the N-terminus of Xcwas used to localise its expression in different regions of the
lens. Uptake of cystine and cysteine in the different regions of
cultured human lenses supplemented with or without cystine
was quantified by HPLC. Donor lenses of a range of ages
were screened and XC- was shown to be expressed at both the
transcript and protein level. In a 36 year old human lens, XCwas expressed in all regions of the lens. In contrast, in a 76
year old human lens, Xc- was only detected in the outer cortex
and was absent from the inner cortex and core.
Immunohistochemistry showed XC- to be specifically localised
to the outer cortex region of a 72 year old lens indicating that
an age dependent loss of the Xc- epitope had occurred. HPLC
analysis revealed that a 71 year old lens cultured in cystine
showed an increase in cystine and cysteine levels in the lens
centre compared to its contralateral lens cultured in the
absence of cystine. Our results show that Xc- is expressed in
the human lens but undergoes an age dependent post
translational modification to its N-terminus which does not
appear to affect the ability of the exchanger to accumulate
cystine. This exogenous cystine can then be reduced to
cysteine where we propose it may act as a low molecular
weight antioxidant to protect the nucleus from oxidative
damage and decrease the risk of age related nuclear cataract.

Center for Complex Systems and Brain Sciences, Florida
Atlantic University, Boca Raton, 2Bascom Palmer Eye Institute,
University of Miami School of Medicine, Miami, 3Charles E.
Schmidt College of Biomedical Science, 4Florida Atlantic
University, Boca Raton, FL, 5Virginia Tech Carilion School of
Medicine, Roanoke, VA, USA
Background & aims: Choroidal neovascularization (CNV) in
age-related macular degeneration (AMD) is strongly
associated with hypoxia and chronic inflammation. These
events typically precede CNV, and are thought to play an
underlying role in the induction of the neovascular process.
HIF-1 is a transcription factor that is vital in regulating cellular
responses to hypoxic and inflammatory conditions. In order to
inhibit CNV, we have engineered a viral vector that uses HIF-1
regulation to exploit the pathological conditions in the AMD
retina in order to stimulate local production of an angiostatic
protein. The purpose of this study was to investigate the
effects of a HIF-1 regulated, RPE-specific gene therapy
platform in a mouse-model of CNV.
Methods: AAV2-HRSE-HRE-RPE65-hrEndostatin, AAV2CMV-Endostatin, or vehicle control was injected subretinally in
6-9 month old C57BL/6 mice. One week post-injection a
532nm diode laser was used to induce CNV (100uM spot size,
150mW power, & 0.1s duration). Three spots per eye were
lasered; two weeks post-laser injury the mice were perfused
with a FITC-conjugated tomato lectin. Eyes were enucleated
and RPE/Choroid/Sclera flatmounts made and coverslipped.
Confocal microscope images of fluorescent vessels and CNV
areas within the lesions were quantified using Image J.
Endostatin protein levels, from treated and control mice, were
measured at 3 and 14 days post-laser injury, and in unlasered
mice 1 week post-injection. For each of the two endostatin
vectors and vehicle control, 4 posterior eyecups were pooled
and homogenized for each of the three timepoints, and
analyzed by ELISA.

Acknowledgements: Foundation for Research Science and
Technology and a Faculty Research Development Fund from
the University of Auckland.

Results: CNV area was 80% smaller (P< 0.0001) in eyes
treated with the HIF-1 regulated, RPE-specific endostatin
vector than in the vehicle injected eyes. CNV was significantly
reduced in eyes treated with CMV-endostatin vector.
Endostatin protein was undetectable from the regulated virus
and control before laser injury, while over 300pg/mL was
detected from the CMV-Endostatin injected group. At 3 days
post-laser injury, over 400pg/mL of endostatin was detected
from the regulated vector group, while over 900pg/mL was
detected from the CMV vector. At 14 days post-laser injury,
endostatin concentration dropped down to baseline for the
regulated vector group, while remaining above 400pg/mL for
the CMV vector group.

O229
ACTIVATION OF UNFOLDED PROTEIN RESPONSE (UPR)
AND PRODUCTION OF REACTIVE OXYGEN SPECIES IN
LENS OF DIABETIC RATS
T. Shinohara, E. Rajan
Ophthalmology and Visual Sciences, UNMC, Omaha, NE,
USA
Purpose: Diabetes induces early onset age-related cataracts
(ARCs). Hypoglycemia and hyperglycemia are common even
in patients who have a strict control of their insulin levels.

Conclusions: Although both AAV2-CMV-Endostatin and
AAV2-HRES-HRE-RPE-Endostatin significantly reduce CNV, it
is unknown whether broad and constitutive endostatin
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Under hypoxic conditions, both hypoglycemia and
hyperglycemia induce the unfolded protein response (UPR) in
cultured human LECs and produce ROS. Three enzymes play
a central role in the production of ROS; PDI, Ero1-Lα, and -Lβ.
PDI is constitutively expressed, Ero1-Lα is predominantly
induced by hypoxia, and Ero1-Lβ appears to be induced by the
UPR. We have investigated whether human LECs and the
lens of Zucker Diabetic Fatty (ZDF) rats, a model of type-2
diabetes, induce the UPR and activate Ero1-Lβ.

MsrA to repair and restore their respective chaperone and
electron transport activities was evaluated. The proteins were
also localized in lens cells and their abilities to form complexes
in vitro and in vivo evaluated by immunoprecipitation and
fluorescent microscopy.
Results: Cyt c was found to be oxidized at met 80 and αcrystallin oxidized at met 68 of αB and met 138 of αA in MsrAknockout relative to w+ mice. Methionine oxidization resulted
in loss of α-crystallin chaperone function and loss of Cyt c
electron transport function. MsrA repaired and restored the
functions of the proteins. α-crystallin and Cyt c were colocalized to lens mitochondria and formed complexes in lens
cells.

Methods: Protein blot analyses were used to detect UPR
specific proteins. The lenses of normal (ZDF/Gmi-fa/lean) and
diabetic (ZDF/Gmi, fa/fa) rats of different ages were isolated,
and diabetic cataractous lenses were also studied. The right
lens was used for protein analyses and the left lens was used
for immunohistochemical analyses.

Conclusions: These results suggest that MsrA is required for
the repair of α-crystallin and Cyt c in lens cells and that these
proteins form functional complexes in lens mitochondria. They
also suggest that MsrA is required to maintain and potentially
regulate the activities of α-crystallin and Cyt c in lens cells and
that loss of MsrA-repair of these proteins contributes to
cataract formation through loss of chaperone function, loss of
oxidative phosphorylation and/or loss of Cyt c-mediated
apoptotic control.

Results: Under hypoxic conditions, the lenses induced higher
levels of hypoxia inducible factor-1 (HIF1) and Ero1-Lα, and in
contrast, both hypoglycemia and hyperglycemia under hypoxic
conditions induced the UPR and up-regulated PDI and Ero1Lβ. These findings suggest that UPR induces the expression
of Ero1-Lβ and PDI. Normal rat lenses did not have higher
levels of Ero1-Lα and Ero1-Lβ. In contrast, significantly higher
levels of PDI and Ero1-Lβ, but not Ero1-Lα, were found in
diabetic rat lenses. Immunohistochemistry of thin sections of
cataractous lenses from diabetic rats showed positive staining
of the LECs and multiple immunopositive staining bands in the
outer cortical lens fiber layers. These staining were not found
in clear lenses. These findings indicate that the ROS are
probably derived from LECs because the UPR is induced in
LECs. We will further discuss the potential mechanisms that
activate the UPR and the production of ROS in the LECs.
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THE ROLE OF MITOCHONDRIAL GLUTAREDOXIN IN
PROTECTING LENS AGAINST OXIDATIVE DAMAGE
M. Lou1,2,3, H. Wu1, J. Zhang1, K. Xing1, Y.-S. Ho4
1

Veterinary and Biomedical Sciences, 2Redox Biology Center,
University of Nebraska-Lincoln, Lincoln, 3Ophthalmology,
University of Nebraska Medical Center, Omaha, NE, 4Institute
of Environmental Health Sciences, Wayne State University,
Detroit, MI, USA

Conclusion: UPR up-regulates Ero1-Lβ, and PDI, which
activates the production of ROS in LECs to further oxidize the
lens. The UPR-specific proteins are also found in human
ARCs suggesting that ischemia-reperfusion plays an important
role in the development of ARCs in patients with reduced
blood circulatio CR: None. [Supported in part by RPB and
EY018172-01].

Background: Glutaredoxin 2 (Grx2) is an isozyme of
thioltransferase or glutaredoxin (TTase or Grx1) recently found
in the mitochondria and belongs to the oxidoreductase family.
It has both dethiolase and peroxidase activities but its
physiological function is largely unknown.
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Methods: In order to examine its physiological function, we
first studied the role of Grx2 in anti-apoptotic function, and
explored if protecting complex I enzyme in the mitochondrial
electron transport system is part of the mechanism. To
achieve this, we compared the effect of oxidative stress (0.1
mM H2O2, 24 hrs) in human lens epithelial (HLE) B3 cells with
Grx2 expression in normal, suppressed or overexpressed
conditions. We next used Grx2 knockout (KO) mice to
examine if the derived primary lens epithelial cells (LEC) have
higher sensitivity to oxidation (0.1 mM H2O2 for 6 hrs), or the
KO whole lens develops opacity faster in culture under
oxidative stress (0.5 mM H2O2 (6 hrs). Primary LEC ells or
whole lens from wild type mice were used as the control.

MSRA REPAIRS METHIONINE OXIDIZED Α-CRYSTALLIN
AND CYTOCHROME C MAINTAINING AND REGULATING
CHAPERONE ACTIVITY AND APOPTOSIS IN LENS CELLS
M. Kantorow1, L. Brennan1, R. McGreal1, W. Lee1, L. David2,
F. Giblin3
1

Biomedical Science, Florida Atlantic University, Boca Raton,
FL, 2Integrative Biosciences, Oregon Health & Science
University, Portland, OR, 3Eye Research Institute, Oakland
University, Rochester, MI, USA
Background and aims: Methionine sulfoxide reductase A
(MsrA) is essential for lens defense against oxidative stress,
lens viability, and lens defense against cataract formation
through its ability to repair oxidized protein methionine
(PMSO). PMSO accumulates in the human lens with
increasing age, and deletion of MsrA causes cataract in
hyperbaric oxygen-treated mice. Since MsrA acts to repair
specific proteins damaged upon methionine oxidation, it is
likely that loss of MsrA-repair and consequently the function of
one or more lens proteins contributes to cataract formation
upon deletion of MsrA. Here, we examined α-crystallin and
cytochrome c (Cyt c) as potential substrates for MsrA -repair in
the lens.

Results: We have found that Grx2 overexpression protected
HLE-B3 cells from H2O2-induced cell viability loss and
apoptosis. These cells also exhibited higher level of antiapoptotic protein Bcl-2 and suppressed H2O2-induced
cytochrome c release and caspase 3 activation. In addition,
upregulation of Grx2 also protected mitochondria from H2O2induced loss in complex I activity. In contrast, silencing of Grx2
expression using short-interference RNA in HLE-B3 cells
enhanced H2O2-induced cellular damage. Interestingly,
primary mouse LEC derived from Grx2 KO mice were more
sensitive to oxidative stress, and exhibited lower cell viability
and more LDH leakage in comparison with the control.
Knocking down Grx2 had weakened the cell's ability to detoxify
H2O2 and enhanced the H2O2-induced loss in complex I
activity. The whole lens from KO mice showed a faster and
more severe opacity when cultured in medium containing 0.5
mM H2O2 (6 hrs).

Methods: The methionine content of α-crystallin and
cytochrome c (Cyt c) was evaluated from the lenses of MsrA
knockout relative to w+ mice by mass spectrometry and CNBrcleavage. The activities of α-crystallin and cytochrome c (Cyt
c) were evaluated upon methionine oxidation and the ability of
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Conclusion: Our data indicate that Grx2, similar to Grx1,
plays an important role in protecting the lens from oxidative
damage. [Supported by NIH grant EY10595].

The αA-Y118D mutation causes dominant cataracts in mice,
but αA-Y118D mutant proteins show increased in vitro
chaperone-like activity. Either decreased or increased
chaperone-like activity in α-crystallins can cause cataracts.
The γB-I4F mutant protein is an in vivo and in vitro target
protein of wild-type α-crystallin. Using γB-I4F as a native
“denatured” target protein of α-crystallins, we have
investigated the mechanisms for how increased or decreased
chaperone-like activity of α-crystallins affects protein-protein
interaction to cause cataract formation.

O232
AGE, SIGNALING AND WOUND-REPAIR OF HUMAN LENS
EPITHELIAL CELLS
I.M. Wormstone, L.J. Dawes, G. Duncan
School of Biological Sciences, University of East Anglia,
Norwich, UK

In vitro binding assays demonstrated that αA-Y118D mutant
proteins have increased binding affinity for γB-I4F, compared
to αA-WT. When plasmids with green fluorescent protein
(GFP)-tagged wild-type αA-crystallin (αA-WT) or mutant αAY118D crystallin with red fluorescent protein (RFP)-tagged
wild-type γB-crystallin (γB-WT) or mutant γB-I4F crystallin
were co-transfected into mouse immortalized lens epithelial
cells, both αA-WT and αA-Y118D formed large aggregates
with γB-I4F mutant proteins.

Purpose: Ageing phenomena are observed following cataract
surgery. Wound-healing response leading to formation of
posterior capsule opacification is greater in the young than the
elderly. To study the biological basis of these age-related
differences we developed a human lens capsular bag culture
system based on a sham cataract operation; this allows
assessment of growth rates and matrix modification. Using this
model, growth rate in accordance with in vivo observations is
markedly faster in the younger group. The objective of this
study was therefore to identify age-related differences in
signaling capacity through expression of putative signaling
components.

To determine how decreased or increased chaperone-like
activity influences cataract formation, we generated two types
of compound mutant mice, αA(+/-) αB(+/-) γB(I4F/+) mutant
mice with half the normal amount of α-crystallins and
αA(Y118D/+)
γB(I4F/+)
mutant
mice.
Quantitative
measurements revealed that the intensity of scattered light
from both αA(+/-) αB(+/-) γB(I4F/+) and αA(Y118D/+)
γB(I4F/+) mutant lenses were increased compared to
γB(I4F/+) lenses. However, the cortex of αA(Y118D/+)
γB(I4F/+) lenses became clear while the lens core became
more opaque.

Methods: A sham cataract operation was performed to
prepare human capsular bags from donor lenses grouped <
40yrs and >60yrs. Bags were transferred to a Petri dish and
secured using entomological pins. Capsular bags were
maintained in serum-free (un-supplemented) EMEM.
Fibroblast growth factor (FGF), Hepatocyte growth factor
(HGF) and Transforming growth factor beta (TGFb) level was
quantified using ELISA. Signaling molecules (total and
phosphorylated levels of ERK, Akt, c-jun, P38 and JNK) were
analysed using a suspended bead array (BIOPLEX) system.
To evaluate the potential impact of exogenous stimulation, a
number of capsular bags were maintained until log growth of
cells occurred across the previously cell-free posterior; for the
final 30 minutes of culture, donor pairs were maintained in the
presence or absence of 10% FCS, which serves as a global
stimulus.

In summary, either increased or decreased chaperone-like
activity of α-crystallins can cause more severe cataracts in γBI4F mutant lenses. Our data suggest that altering chaperonelike activity of α-crystallins in the lens may not be an effective
solution for cataract prevention. This work indicates that
proper binding affinity between α-crystallins and its interacting
proteins is essential for establishing and maintaining lens
transparency.

Results: Analysis, at the 2 day time-point, of capsular bags
using ELISA showed that lens cells from aged human donors
(>60yrs) produce similar levels of HGF and even greater
amounts of FGF than younger counterparts (< 40yrs) when
maintained in serum free (un-supplemented) conditions. In the
case of TGFβ, the opposite was true as levels detected in
capsular bags from younger donors were greatest. BIOPLEX
analysis showed that activity of key signaling proteins
analysed was on average 34.6 ± 4.99% lower in the aged
population of cells. Addition of a global stimulus (10% FCS)
increased levels of pERK, p-c-jun, pP38 and pJNK in lens cells
of all ages; pAkt only increased in the >60yrs group.

[Supported by grants EY013849 (XG) and EY03897 (JH) from
the National Eye Institute.]

Cellular Basis for Outflow Regulation
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CELLULAR BASIS FOR OUTFLOW REGULATION
D. Stamer1, L. Millard1, G. Sumida1, R. Ethier2
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Conclusions: As we age, overall signaling activity is reduced
due to a general down-regulation of multiple signaling
pathways rather than a single pathway. Provision of
appropriate stimuli can raise activity of pathways sufficiently to
counter the age-related differences. We therefore hypothesise
that an age-related increase in signal inhibitors determines
baseline signaling activity and growth rate.

Aims: The relative contribution of tissue architecture,
extracellular matrix content and cellular mechanics to
conventional outflow resistance and thus intraocular pressure
regulation in humans is unknown. We investigated the specific
involvement of resident cells in controlling outflow resistance
and hypothesized that due to flow patterns and comparative
proximity of outflow cells to each other, paracrine mediators
participate in outflow resistance regulation.
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Methods: Using two pharmacological tools in a human whole
eye organ culture model, we tested the effect of an EP 4
receptor agonist (10 nM 3,7 dithia PGE1) and sphingosine-1phosphate (S1P, 5 µM) on conventional outflow resistance.
Receptor expression was examined using cell surface

EITHER INCREASED OR DECREASED CHAPERONE-LIKE
ACTIVITY OF Α-CRYSTALLINS IMPAIRS LENS
TRANSPARENCY
C. Cheng1, C.-H. Xia1, Q. Huang2, L. Ding2, J. Horwitz2, X.
Gong1
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biotinylation followed by western blot analysis and receptor
activation was assessed by cellular dielectric spectroscopy or
cAMP accumulation.

molecular changes that contribute to the genesis and
progression of glaucoma.
The work was funded by the National Eye Institute IPA
#UCD10-0076 and 1R01EY016134.

Results: We observed that both compounds altered outflow
facility within 30 minutes. Interestingly, 3,7 dithia PGE 1
increased outflow facility by 51±18% (n=6 pairs, p< 0.01),
whereas S1P decreased outflow facility by 36±20% (n=10
pairs, p< 0.01). Parallel studies using primary cultures of
human trabecular meshwork and Schlemm's canal endothelia
demonstrated that EP4 and S1P receptors are present and
functional in the two cell types that populate the conventional
outflow tract.

O236
AFFERENT/EFFERENT CYTOSKELETAL REGULATION OF
AQUEOUS HUMOR OUTFLOW
P. Kaufman
Ophthalmology & Visual Sciences, University of Wisconsin,
Madison, WI, USA

Conclusions: Taken together, results show that activation of
cell surface receptors in the conventional pathway propagates
cellular changes that can either robustly increase or decrease
the resistance to fluid flow in a rapid fashion.

Background and aims: The actomyosin system, composed
of actin microfilaments and associated proteins, is highly
organized in cells of the trabecular outflow route, and its
dynamics help regulate trabecular outflow resistance.
Pharmacological or genetic perturbations of the actomyosin
system relax the trabecular meshwork (TM) and/or inner wall
of Schlemm's canal, and in turn reduce outflow resistance.
Conversely, manipulating the system to increase resistance
may lead to a better understanding of ocular hypertension.
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BIOPHYSICAL CUING OF HUMAN TRABECULAR
MESHWORK CELLS MODULATES GLAUCOMA
PROGRESSION
P. Russell1, C. Reilly1, J. Gasiorowski2, C. Murphy1

Methods: Small molecule therapy and viral vector
transduction of genes were employed. Actin stress fibers, focal
and cellular adhesions, and protein phosphotyrosine staining
in TM and Schlemm's canal cells, and changes in contractility
of TM strips were examined. IOP and outflow facility
responses in living animals (rabbits, rats, monkeys) and in
vitro organ-cultured anterior segments (porcine, monkey,
human) were determined. Agents included rho kinase
inhibitors (Y-27632), compounds which sequester monomeric
actin (latrunculin B), inhibitors of actin polymerization
(cytochalasins), myosin II inhibitors (blebbistatin), microtubule
inhibitors (ethacrynic acid), and broad spectrum protein kinase
inhibitors (H-7). Viral vector transduction of genes resulted in
actin-myosin uncoupling (caldesmon), Rho-GTP inhibition
(exoenzyme C3 transferase), Rho-kinase inhibition (dominant
negative Rho expression), and disturbance of extracellular
matrix interactions (HepII).
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Background and aims: Using the atomic force microscope,
we have determined that the human trabecular meshwork
(HTM) is less compliant (stiffer) from glaucomatous donors
than from donors with no known ocular disease. We have also
measured the compliance of HTM cells and these cells change
compliance based on the substrate on which they are growing.
The cells become less compliant on stiffer substrates. The aim
of these studies was to determine if cell behavior and gene
expression are altered in HTM cells as a function of substrate
compliance.
Methods: HTM cells were dissected from corneal buttons that
were not suitable for transplant. All cells increased myocilin
expression when challenged with dexamethasone. Cells were
used prior to passage seven. Cells were plated onto
polyacrylamide hydrogels with various compliances as well as
onto standard tissue culture plastic dishes. Real time PCR was
performed three days after plating the cells on the substrates.

Treatment with TGFb2 and viral vector transduction with
cochlin were used to increase IOP in organ-cultured anterior
segments.
Results: Perturbation of the actomyosin system by small
molecules or gene transduction led to disruption of actin
filaments, loss of focal adhesions, and/or loss of cell-cell
adhesions in cells in culture. Relaxation of the TM and
Schlemm's canal expanded the area available for fluid outflow.
IOP was decreased and outflow facility increased in vivo and
in organ-cultured anterior segments. TGFb2 treatment
increased IOP and decreased outflow facility in this system.
Part of the decrease in outflow facility could be reversed by
treatment with latrunculin-B. TGFb2 treatment also resulted in
expression of cochlin protein. Cochlin overexpression alone
also increased IOP and decreased outflow facility.

Results: HTM cells grown on hydrogels have a doubling time
of 36.6 hours compared to 28 hours when the cells were
grown on tissue culture plastic. The cells cultured on stiffer
substrates had a flattened appearance compared to cells
grown on hydrogels, in addition stress fiber were more defined
and greater in number on stiffer substrates. Growth of HTM
cells on compliant polyacrylamide gels had decreased
expression of fibronectin (37%) compared to cells on plastic.
There was a decrease in transglutaminase expression on
more compliant substrates as well. Myocilin expression was
increased by five fold on the hydrogels compared to plastic.
Matrix metalloproteinase 3 was increased by five fold on
hydrogels, but expression levels of matrix metalloproteinase 2
were not changed on more compliant surfaces.

Conclusions: Cytoskeletal agents or relevant gene therapies
decrease outflow resistance by affecting the TM/Schlemm's
canal. Such perturbation of the TM/Schlemm's canal
actomyosin system may be a new avenue in glaucoma
treatment, with some molecules already in clinical trials. Gene
therapies specifically targeting the TM may overcome
problems with patient compliance. Alternatively, further
understanding of the events contributing to increased
resistance to trabecular outflow could also point the way to
new therapies.

Conclusions: The data show that compliance of the cellular
substrate profoundly influences HTM cell morphology,
doubling time and gene and protein expression. On more rigid
substrates in vitro, fibronectin and transglutaminase are
increased. This is consistent with the increases in these
components observed in glaucomatous HTM compared to the
more compliant HTM from normal donors. Lower levels of
matrix metalloproteinase 3 on the stiffer substrates also
suggest remodeling of the extracellular matrix is impaired in
glaucoma HTM compared to normal. These results indicate
decreased compliance of the HTM in glaucoma may mediate
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system. Time-lapse image sequences of the cells were
captured during perfusion.
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Results: At the onset of perfusion, elliptical void regions
appeared within an otherwise uniformly fluorescent cytoplasm.
Three-dimensional confocal reconstructions revealed that
these void regions were sites of apical cell displacement into
dome-shaped outpouchings that we refer to as “giant vacuolelike” structures (GVLs). At 2 mmHg, GVL height was 14±4µm
(mean±SD; N=40), while at 6 mmHg GVL height was 21±7 µm
(N=46). GVL size tended to increase during perfusion, but
rapid decreases were often observed in SCE cells despite
maintaining a constant perfusion pressure. GVL formation was
observed in other cell types (porcine aortic endothelial cells
and human umbilical vein endothelial cells). However, in
contrast to SCE cells, GVL size in these cells tended to
increase monotonically.

THE MOLECULAR INTERPLAY BETWEEN TRABECULAR
MESHWORK ACTIN CYTOSKELETON AND ECM, AND
HOMEOSTASIS OF AQUEOUS HUMOR OUTFLOW
V. Rao
Ophthalmology, Duke University School of Medicine, Durham,
NC, USA
Glaucoma, a leading cause of blindness is commonly
associated with increased intraocular pressure. While it is well
recognized that both actomyosin cytoskeletal integrity and
extracellular matrix (ECM) organization of aqueous humor
outflow pathway cells play a significant role in regulation of
resistance to aqueous humor drainage, very little is known
about the potential interaction between actomyosin
cytoskeletal integrity and ECM organization, and the role of
such interaction in regulation of aqueous humor outflow
resistance. Our recent studies with primary cultures of
trabecular meshwork (TM) cells demonstrated that actomyosin
depolymerization could directly influence the activities of
matrix metalloproteinase (MMP2 and MT1-MMP) and
inhibitors of metalloproteinase (TIMP-1 and TIMP-2).
Additionally, the ECM molecules and actomyosin organization
were found to influence each other organization and stiffness
bidirectionally through increased myosin II phosphorylation,
alpha-smooth actin expression, and ECM synthesis.
Importantly, the interaction between actomyosin organization
and ECM synthesis was found to be regulated by Rho GTPase
signaling, actin-sensing serum response factor, and
extracellular signal-regulated kinase (ERK1/2) activity.
Collectively, these different observations uncover the
existence of a direct interaction between actomyosin
organization and ECM synthesis in the TM cells indicating a
potential role for this interactive network in homeostasis of
aqueous humor drainage and intraocular pressure. (Supported
by NIH grant-EY18590, and Research to Prevent Blindness).

Conclusions: GVL formation is a time- and pressuredependent process. The presence of GVLs in other cell types
demonstrates that giant vacuole formation is likely not a
unique property of SCE cells. The rapid decreases in GVL size
observed in SCE cells suggests that these cells have an ability
to contract against basal-to-apical directed pressure gradients
or an ability to rapidly release GVL contents not observed in
some other cell types.
Acknowledgements: We acknowledge Prof. Dan Stamer
(University of Arizona) for providing SC cells. This work was
supported by NIH grants EY018373 and EY019696.
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STIFFNESS AND TRACTION FORCES OF SCHLEMM´S
CANAL ENDOTHELIAL CELLS IN VITRO
E.H. Zhou1, R. Krishnan1, W.D. Stamer2, K. Perkumas2, K.
Rajendran1, J.J. Fredberg1, M. Johnson3
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Background and aims: The most important risk factor for
developing primary open angle glaucoma (POAG) is elevated
intraocular pressure (IOP). Evidence suggests that elevated
IOP results from impaired aqueous humor outflow resistance.
Yet, the cellular basis of this outflow resistance is poorly
understood. As the bulk of aqueous humor outflow must
traverse the endothelial lining of Schlemm's canal (SC), we
hypothesize that the mechanical properties of the SC
endothelium contribute to the regulation of outflow resistance.

SCHLEMM'S CANAL ENDOTHELIAL CELL
BIOMECHANICS IN THE REGULATION OF AQUEOUS
HUMOR OUTFLOW
D. Overby, R. Pedrigi
Bioengineering, Imperial College London, London, UK
Aims: The inner wall endothelium of Schlemm's canal is a
mechanically-sensitive endothelial barrier that contributes to
the generation of aqueous humor outflow resistance and the
regulation of IOP. Aqueous humor likely crosses the inner wall
by passing through endothelial cell outpouchings known as
giant vacuoles, but the biomechanics of giant vacuole
formation remains uncharacterized. The aim of this project
was to develop an in vitro model system to investigate the
biomechanics of giant vacuole formation in Schlemm's canal
endothelial (SCE) cells during transendothelial perfusion.

Methods: We applied optical magnetic twisting cytometry
(OMTC) to quantify the stiffness and traction force microscopy
(TFM) to quantify traction forces of SC cells isolated from
human donor eyes.
Results: We found that in response to lysophosphatidic acid
(LPA), thrombin, and sphingosine-1-phosphate (S1P), SC cells
stiffened; the maximum increases in cell stiffness ranged from
20% to 300%, with donor to donor variability. Actin
depolymerization using latrunculin A caused the cells to
soften; 1 µM concentration decreased cell stiffness by over
90%. Drug-induced cell stiffness changes measured using
OMTC was mirrored by traction force changes measured
using TFM (Fig. 1).

Methods: SCE cells were isolated from human donor eyes
and cultured following published methods (Stamer et al. IOVS
1998; 39:1804-1812). Cells were seeded (4.5x104 cells/cm2)
onto track-etch porous membranes (0.4 µm) and cultured for 2
days. Before experiments, cells were loaded with fluorescent
dye (2mM calcien-AM), and positioned within the working
distance of a confocal microscope objective using a
specialized membrane holder (Bioptechs, Inc.). Cell layers
were perfused in the basal-to-apical direction (the direction
that flow crosses the inner wall in vivo) at a defined pressure
drop (2 or 6 mmHg) using a computer-controlled perfusion

Conclusion:
Taken
together,
these
methodological
developments to standardize responses of cells to reference
drugs will ultimately allow us to compare SC cells from
different donors including those with and without POAG and
could contribute to a better understanding of the
biomechanical basis of glaucoma pathogenesis.
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discovered increased expression of 4 new targets, TGFb2,
gremlin (GREM1), sFRP1, and SAA1/2 in glaucomatous TM
cells and tissues. Increased expression of these genes
elevated IOP in the ex vivo human perfusion organ culture
model. Transduction of TGFb2 and sFRP1 genes into mouse
eyes also elevated IOP. Therapeutic intervention in these 4
signaling pathways may provide a new mechanism to interfere
in the glaucomatous disease process mediated by these
pathways. Glaucoma patients and glaucomatous TM cells are
more sensitive to glucocorticoids, largely due to decreased
expression of an alternatively spliced isoform of the
glucocorticoid receptor (GRb) in GTM cells, which acts as a
dominant negative regulator of glucocorticoid activity.
Modulation of glucocorticoid responsiveness may be an
attractive interventional therapy.
Conclusion: A better understanding of the molecular
pathogenesis of glaucomatous damage to the TM will lead to
the discovery of new disease modifying agents. These agents
may offer a distinct therapeutic advantage over current
conventional therapies.
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PHARMACOLOGICAL TARGETING OF NEUROTROPHIN
RECEPTORS: NEUROPROTECTIVE VERSUS
NEUROTOXIC MECHANISMS IN OPTIC NERVE AXOTOMY
AND IN GLAUCOMA

[traction]

H.U. Saragovi
Fig. 1. The traction forces exerted by a single SC cell on a 4
kPa polyacrylamide gel. Left, traction force distribution; right,
phase contrast image.

Pharmacology and Therapeutics, McGill University - Jewish
General Hospital, Montreal, QC, Canada

Drug Discovery, Design, and Development

In normal adult retina, glia expresses p75 while the retinal
ganglion cells (RGCs) express TrkA and TrkB. The
neurotrophins NGF and BDNF are also present. In retinal
diseases the neurotrophins are up-regulated but are ineffective
at preventing RGC death, and even exogenous administration
of neurotrophins is ineffective long-term.
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Here, we study mechanisms that are relevant to the RGC
death that occurs in acute (optic nerve axotomy) and in
chronic (glaucoma) animal models of neurodegeneration.

DISCOVERY OF NEW GLAUCOMA THERAPEUTIC
TARGETS
A.F. Clark1,2

We address two separate yet related hypothesis of
neurodegeneration: insufficiency of neuroprotection, and
aggravation of neurotoxicity. For this purpose, we use
pharmacological agonists and antagonists of the receptors. As
endpoints in vivo, we quantified surviving RGCs, the thickness
of the Nerve Fiber Layer, and the signals activated by each
receptor.
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Purpose: Intraocular pressure (IOP) is the mainstay of current
glaucoma therapy. However, none of the current therapies
address the underlying disease process(es) in the aqueous
humor outflow pathway that is responsible for glaucomatous
ocular hypertension. We need a new approach to discover
pathogenic pathways and new therapeutic targets that will be
amenable to the development of new disease modifying
therapeutics.

Selective pharmacological agonism of TrkA or TrkB causes a
long-lived protection to RGC in neurodegenerating retina, and
affords preservation of the Nerve Fiber Layer, by activation of
Trk-mediated biochemical signals that are directly
neuroprotective for RGCs.

Methods: We have taken 3 approaches (molecular genetics,
genomics, and disease research) to discover new pathogenic
pathways in the glaucomatous trabecular meshwork (GTM).
TM tissues were harvested from the eyes of donors with and
without glaucoma. Normal and glaucomatous TM cells were
grown from tissue explants and compared for changes in gene
and protein expression. Newly discovered targets and
pathways were validated for effects on IOP using perfusion
cultured human anterior segments and transduction of mouse
eyes.

To address the role of endogenous NGF, using a biological
response modifier that blocks endogenous NGF from binding
to p75 rsults in a long-lived protection to RGC in
neurodegenerating retina. This indicates that endogenous
NGF binding to p75 may be deleterious. This was confirmed,
because selective agonism of p75 accelerates RGC death in
neurodegenerating retina; and even causes RGC death in
normal
retinas.
Consistent
with
these
findings,
pharmacological antagonism of p75 reduces the rate of RGC
death in neurodegenerating retina.

Results: Glaucomatous gain-of-function mutations in MYOC
cause misfolding, non-secretion, and mislocalization of
myocilin. Glaucomatous mutations in human MYOC elevated
IOP in transduced mouse eyes. The potential use of chemical
or molecular chaperones or the use of RNAi may provide a
means to therapeutically rescue mutant myocilin. We

The mechanism of action of p75 agonists or antagonists is the
regulation of the production of neurotoxic factors by activated
microglia. The reduced production of these factors affords
neuroprotection indirectly, by suppressing signals that are
directly neurotoxic.
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These data reveal important neurotrophic mechanisms in
normal and diseased retinas, and validate each neurotrophin
receptor as a pharmacological target.

A NOVEL ALLOSTERIC MODULATOR OF THE IL-1
RECEPTOR PREVENTS DEVELOPMENT OF ISCHEMIC
RETINOPATHIES
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C. Quiniou1,2, J.C. Rivera1, P. Sapieha3, J.C. Honoré1, P.
Hardy1, D. Hamel1, S. Chemtob1,2

IS CD36 A TARGET FOR THE TREATMENT OF AGERELATED MACULAR DEGENERATION?
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H. Ong1, E. Picard2, M. Houssier3, P. Lachapelle4, K. Bujold5,
S. Chemtob6, F. Sennlaub3

Background: Interleukin-1β (IL-1β) is a prominent proinflammatory cytokine involved in increasing VEGF
expression,
vascular
permeability
and
promoting
angiogenesis, which could play a role in the progression of
ischemic vasoproliferative retinopathies. IL-1 receptor
antagonist (Kineret), the only clinically available inhibitor of IL1β, is a large protein (17 kDa) with a number of drawbacks,
including infection, immunogenicity, limited penetration into the
retina and high cost. We designed a novel small allosteric
modulator of IL-1 receptor, named 101.10, and tested it in a
model of oxygen-induced retinopathy (OIR).
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Background: It is well known that the most common vision
loss in age -related macular degeneration( AMD) is related to
geographic atrophy which results from the atrophy of retinal
pigment epithelium (RPE) and obliteration of the
choriocapillary layer. We have previously reported that
scavenger receptor CD36 deficiency leads to retinal
degeneration
and
choroidal
involution
which
are
characteristics of dry AMD ( Houssier et al . Plos Med 5 :323330, 2008).

Methods: By targeting flexible regions of IL-1RI (flexibility and
modeling), which would interfere with IL-1-induced biological
effects, we designed a library of 15 small peptides screened
for their ability to inhibit IL-1-induced PGE2 formation and [3H]thymidine incorporation. An all d-peptide ((rytvela), termed
101.10) was identified. Binding was performed using
[125I]101.10 and [125I]IL-1. Efficacy of 101.10 was tested in
models of ear inflammation and in OIR.

Hypothesis and specific aims: We hypothetize that CD36
deficiency in RPE initiates sub-retinal lipid accumulation and
Bruch's membrane (BM)thickening resulting in loss of RPE
and photoreceptors dysfunction. We aim to

Results: 101.10 (IC50 = 1 nM) completely inhibited IL-1induced [3H]-thymidine incorporation of T lymphocytes.
[125I]101.10 cross-linked IL-1RI, but not cells devoid of it (from
IL-1RI knockout mice). However, 101.10 did not displace
bound [125I]IL-1, but diminished IL-1 binding affinity (16-fold).
101.10 (n=24) was superior to IL-1ra in diminishing
parameters of inflammation in a model of PMA-induced ear
inflammation; anti-inflammatory effects of 101.10 were not
observed in IL-1RI knockout animals, revealing no off-target
effects consistent with specificity of the molecule. In a model of
OIR, retinas from pups exposed to 80% O2 exhibited increased
levels of IL-1β at 12, 24 and 48 h post-O2 exposure.
Intravitreal as well as oral 101.10 significantly attenuated vasoobliteration; effects were superior to Kineret. Also, oral
administration of 101.10 to animals subjected to retinal
vasoobliteration
prevented
aberrant
pre-retinal
neovascularization.

1) demonstrate that sub-retinal deposits assessed by BM
thickening is associated with CD36 deficiency
2) The modulation of CD36 activity with its specific ligand
reduces sub-retinal deposits and subsequently retinal
dysfunction.
Methods and results: Electron microscopy performed on
eyes collected from C57BL/6 and CD36-deficient mice ( 18-52
weeks) shows a significant increase of BM thickness in eyes
from 52 weeks- CD36 deficient mice (>1.5 µm). Lipid efflux
from [1α, 2α (n)-3H]-cholesterol-loaded cultured RPE exposed
to specific CD36 ligands (FA6-152 ; EP 80317) featured an
increase of cholesterol efflux to apoA-I in a CD36 dependent
manner . In vivo study on apoE deficient mice fed on high fat
high cholesterol diet(HFHC) for 12 weeks shows a significant
increase of BM thickening as compared to a normal diet.
Treatment with EP 80317 a synthetic peptidomimetic
modulator of CD36 ( 300µg/kg/day )injected sub-cutaneously
for 12 weeks, decreases sub-retinal deposits accumulation.
This reduction of BM thickening parallels with the attenuation
of the a-and b- wave depression of electroretinogram
observed in apoE null mice on HFHC diet.

Conclusions: We hereby describe for the first time the
discovery of a stable, potent and specific IL-1RI small
(peptide) antagonist, 101.10, which exhibits allosteric
properties. 101.10 is effective in vivo in models of inflammation
and in OIR, suggesting a role for IL-1 in the latter case. 101.10
is a promising therapeutic orally bioavailable candidate to help
preserve vascular beds and decrease the detrimental
angiogenesis associated with ischemic retinopathies.

Conclusion:
1) Deficiency of CD36 leads to the deposits accumulation in
sub-retinal space which might initiate the dysfunction of RPEchoroid complex
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AZAPEPTIDE LIGANDS OF THE CD36 SCAVENGER
RECEPTOR AS NOVEL LEADS FOR DEVELOPING
TREATMENT FOR AGE-RELATED MACULAR
DEGENERATION

2) Modulation of CD36 activity with reduction of the lipid
accumulation at RPE level by its specific ligand might be an
interesting alternative for the reduction of loss of RPE and
retinal dysfunction in AMD.

D. Sabatino1, C. Proulx1, D. Boeglin1, H. Ong2, S. Chemtob3,
W.D. Lubell1
1
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Université de Montréal, Montreal, QC, Canada
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Age-related macular degeneration (AMD) is a degenerative
disease of the retina, leading to neovascularisation resulting in
bleeding and blindness. The type B scavenger receptor CD36
is expressed in major cells types implicated in the genesis of
AMD. In an in vivo model of AMD, azapeptide analogs of
growth hormone-releasing peptide-6 (GHRP-6) have been
shown to inhibit the neovascular response after lazar induced
injury in a CD36 dependent manner. These semicarbazide
analogs of the native peptide sequence were selective for the
CD36 receptor and did not exhibit the duality common to
GHRP-6 analogs, which also elicit growth hormone release
through binding to the ghrelin receptor GHS-R1a. Analysis by
circular dichroism spectroscopy indicated that in contrast to
the random coil conformation of GHRP-6, the selective
azapeptides exhibited a pre-organized turn conformation in
water. Our presentation will discuss effective methodology for
synthesizing azapeptides to study biologically active peptide
leads, with specific emphasis on aza-analogs of GHRP-6, their
requirements for CD36 affinity and potential as therapy for
AMD.

Patch clamp recordings of DBCs from Nyxnob mice show that
the cation channel is either closed or absent. Analyses of
TrpM1 expression in Nyxnob mice show that TrpM1 is absent
from cone terminals in both TrpM1 KOs and Nyxnob mutants.
In summary, CSNB1 mutants have allowed the identification of
novel proteins involved in DBC function and highlighted the
need to examine downstream function to fully understand the
consequences of the DBC defects.
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FUNCTIONAL REGULATION OF TRPM1 IN BIPOLAR
CELLS
S. Nawy, Y. Shen
Albert Einstein College of Medicine, Bronx, NY, USA
Recent evidence suggests that the long sought after synaptic
channel in the mGluR6 transduction cascade of On bipolar
cells is composed of the Trpm1 channel, perhaps as a
homomer, or in association with other Trp channels. Studies of
the channel in expression systems reveal that it can open
constitutively. However, mGluR6 activation results in the
closure of Trpm1 through a mechanism which is presently not
understood. Here we provide evidence that the Gβγ dimer is
required for channel closure. First, intracellular injection of Gβγ
subunits closes Trpm1 channels in mouse rod bipolar cells.
Second, bipolar cell-specific components of the cascade are
not necessary for channel closure, as intracellular injection of
Gβγ into human embryonic melanocytes also turns off a
constitutive Trpm1 current. Third, a constitutive capsazepinesensitive current is present in HEK293 cells transfected with
Trpm1, but is absent in cells cotransfected with Gβ1γ2.
Studies to explore the possibility that the Gβγ dimer binds
directly to Trpm1 are now underway.

Bipolar Cell Signaling
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TRPM1 EXPRESSION IN RETINAL ON BIPOLAR CELLS IS
DEPENDENT ON NYCTALOPIN
R.G. Gregg1,2, J.N. Pearring1, P. Bojang1
1
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Congenital stationary night blindness (CSNB) is a group of
diseases that result in abnormal signaling between
photoreceptors and bipolar cells (BCs) or within the BCs. In
CSNB1 the defects arise in the signal transductions cascade
within depolarizing bipolar cells (DBCs). The phenotype is
characterized by an ERG whose a-wave is normal, but lacks
both the b-wave and oscillatory potentials.
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Signaling in DBCs is mediated by the metabotropic glutamate
receptor 6 (Grm6), which on activation initiates a G-protein
cascade that closes a non-selective cation channel, recently
identified as the transient receptor potential melastatin 1
(TrpM1) isoform. The details of how the activation of Grm6
leads to closure of the TrpM1 remain obscure, however, three
additional proteins involved have been identified that result in
the same no b-wave phenotype. GαO and Gβ5 interact with
Grm6 and both have a CSNB1 no b-wave ERG phenotype.
Positional cloning of the gene causing an X-linked form of
CSNB1 led to the discovery of the Nyx gene, which encodes
the protein nyctalopin, in humans and mice. Our studies have
focused on the mechanism by which the absence of nyctalopin
results in the no b-wave ERG phenotype.

MGLUR6 SIGNALING IN ON-BIPOLAR CELLS
R.M. Duvoisin1, C.W. Morgans2, B.G. Jeffrey3, R.L. Brown4
1

Physiology & Pharmacology, 2Ophthalmology, 3Oregon
National Primate Research Center, Oregon Health & Science
University, Portland, OR, 4VCAPP, Washington State
University, Pullman, WA, USA
In photoreceptor outer segments, photon absorption by
rhodopsin is coupled to activation of the G protein transducin,
resulting in closure of cGMP-gated cation channels,
hyperpolarization of photoreceptors, and a decrease in
glutamate release from synaptic terminals. In turn, ON-bipolar
cells depolarize as a result of the reduced stimulation of the
metabotropic glutamate receptor, mGluR6, which signals via a
G protein (Go) to control the activity of a depolarizing current.
Thus, the ON-pathway of the visual system is established at
the first retinal synapse between photoreceptors and ONbipolar cells. We are interested in identifying the components
of the mGluR6 signaling pathway.

We identified nyctalopin as the protein absent in a mouse
model (Nyxnob) of CSNB1. Nyctalopin is predicted to be an
extracellular protein tethered to the cell surface by either a GPI
anchor or short transmembrane domain. We have used yeast
two-hybrid (Y2H) analyses to confirm this orientation and to
identify interacting partners. In vitro translation studies
corroborate the Y2H findings. These results confirm that
nyctalopin is extracellular and the murine protein contains a
transmembrane domain.

We hypothesized that the depolarizing response of ON-bipolar
cells to light results from a rapid inactivation of Go signaling
and that regulator of G protein signaling (RGS) proteins, which
accelerate the GTPase activity of G proteins, are necessary.
Consistent with this hypothesis, immunofluorescence
microscopy revealed that Gβ5, RGS7, RGS11, and R9AP are
co-localized with mGluR6 in the tips of ON-bipolar cell
dendrites. Electroretinogram (ERG) recordings demonstrated
a delay in the rising phase of the ERG b-wave in mice carrying
a deletion mutation in RGS7 and lacking RGS11
(RGS7Δ/Δ/RGS11-/-). Patch-clamp recordings of chemically-

Y2H results indicate that nyctalopin interacts with TrpM1, but
not Grm6. TrpM1 is predicted to contain 6 transmembrane
domains with both amino and carboxy terminal intracellular
regions. We tested fragments of TrpM1 with nyctalopin and
determined that Trpm1 extracellular loops 1 and 3 showed
strong interaction with nyctalopin. We are currently using
additional methods to confirm these interactions.
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simulated light responses of rod bipolar cells revealed a 25 ms
delay in the onset of the ON-bipolar cell response in the
RGS7Δ/Δ/RGS11-/- mouse compared to wild type. This delay is
shorter than predicted suggesting that some RGS7 function
remains in the deletion mutant, or that additional RGS proteins
compensate for the absence of RGS11 and RGS7.

Our results support the following conclusions: Nyxnob and
TrpM1-/- function are tightly linked and although some aspects
of visually-evoked signaling are similar across all no b-wave
mutant GCs, there is a significant alteration in downstream
signaling that depends on whether the DBC gene mutation
occurs at the initiation of the visual response (in the Grm6
receptor) or in the culmination of the G-protein coupled
cascade (TrpM1 channel function).

Downstream of Go, we sought to identify the channel
generating the depolarizing current in ON-bipolar cells. Using
gene profiling of FACS-purified fluorescent ON-bipolar cells,
we found that several TRP channels, including TRPM1, are
enriched
in
ON-bipolar
cell
preparations.
Immunohistochemical analysis demonstrated that TRPM1 is
found in the retina where it is localized exclusively to the
dendrites and cell bodies of rod and cone ON-bipolar cells.
The ERG of TRPM1-/- mice had a normal a-wave, but no bwave, indicating a loss of bipolar cell signaling. Finally, patchclamp recording from ON-bipolar cells demonstrated that
genetic deletion of TRPM1 abolished chemically-simulated
light responses from rod bipolar cells and dramatically altered
the responses of cone ON-bipolar cells. [Supported by NIH
grants EY009534, EY018625, and EY019907]
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THE ROLE OF GABA IN THE REGULATION OF RETINAL
ARTERIOLE TONE
K. Hinds, T. Curtis, N. Scholfield, G. McGeown, Centre for
Vision and Vascular Science
Queens University Belfast, Belfast, UK
Background and aims: Previous studies have indicated that
blood flow is dependent upon neuronal activity, and that this
autoregulation is mediated by glial cells. To date, little work
has been conducted into the role of GABA in this
neurovascular coupling. The aim of this study is to assess the
actions of GABA on retinal arterioles of rats.
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MUTATIONS IN GENES AT OPPOSITE ENDS OF THE
DEPOLARIZING BIPOLAR CELL SIGNALING CASCADE
GENERATE DIFFERENTIAL DOWNSTREAM EFFECTS IN
GANGLION CELL RESPONSES

Methods: Adult male Sprague-Dawley rats were euthanized
and their retinas dissected. GABA reactions were assessed
using intact retinas and isolated vessels. Arterioles were
visualised using an infra-red microscope and their internal
diameter measured. Endothelin-1 (Et-1) was present
throughout all experiments to induce vascular tone.

M.A. McCall1,2, R.D. Nobles1, S.J. Heflin1, R.G. Gregg1,3
1

Depts of: Ophthal & Visual Sci, University of Louisville,
Anatomical Sciences & Neurobiology, 3Biochem. & Molecular
Biol, Louisville, KY, USA
2

The complete form of congenital stationary night blindness
(CSNB1) results in abnormal signaling within the depolarizing
bipolar cells (DBCs). CSNB1, however, is the result of
mutations in at least five different genes that are critical
elements of the DBC G-protein signal transduction cascade.
All patients and mouse models share a common phenotype, a
full-field flash electroretinogram (ERG) response whose awave is normal, but lacks both the b-wave and oscillatory
potentials.

Retinal sections and flatmounts were labelled using antibodies
targeting specific GABA receptors and glial fibrillary acidic
protein (GFAP). DAPI (4´,6-diamidino-2-phenylindole) was
used as a nuclear stain and the specimens imaged with a
confocal microscope. Summary data is presented as
mean±SE. The statistical significance of changes in mean
diameter was tested with a repeated measures ANOVA and a
Bonferroni multiple comparison test to compare the internal
diameter at stimulus application, and when the stimulus was
withdrawn.

Signaling in DBCs is initiated by glutamate binding to the
metabotropic glutamate receptor 6 (Grm6), which activates a
G-protein cascade concludes with the closure of the transient
receptor potential melastatin 1 (TrpM1) channel. Three
additional genes/proteins involved in the cascade have been
identified as a result of mouse mutants and their no b-wave
(nob) ERG phenotype. These are GaO and Gb5 that are part
of the G-protein cascade itself, and Nyx, whose exact function
remains unknown. Mouse models and patient populations with
mutations in Grm6, TrpM1 and Nyx share similarities at the
level of the ERG. However, we have shown that downstream
effects on visual signaling and, in particular, in retinal ganglion
cell (GC) responses differ.

Results: GABA evoked dilatation in 34% of vessels tested
using the retinal wholemount preparation. In reactive vessels,
the mean vessel diameter increased from 11.6±0.9µm to
13.6±1.1µm, (n=16, P < 0.001). Exposure of isolated retinal
arterioles to GABA evoked no such dilatation (13±2.2 to
11.9±1.9µm, n=5, P > 0.05). In responsive vessels, the dilator
response to GABA in the intact retina was blocked by 2hydroxysaclofen, a GABAB receptor antagonist, with mean
diameters of 12.0±1.7µm and 12.6±1.9µm before and after
addition of GABA, respectively, in the presence of the blocker
(n=6, P > 0.05). The GABAB receptor agonist R-baclofen
evoked a dilatation in 50% of vessels tested, increasing the
mean diameter of these arterioles from 10.3±1.8µm to
12.4±1.9µm (n=4, P < 0.05). The GABAA receptor agonist
muscimol had no effect on arterioles in the intact retina
(9.0±0.6µm to 8.6±0.6µm, n=13, P > 0.05).

We have studied the spontaneous and visually-evoked
responses of GCs in four mouse models of CSNB1, Nyxnob,
Grm6nob3, Grm6nob4 and TrpM1 knockout (TrpM1-/-). GCs in
these four mutants share two significant changes in signaling
compared to wild type mice: the presence of GCs without
visually-evoked responses, and GCs whose only response to
the onset of a light increment is significantly delayed. We
attribute these shared changes to an absence of visuallyevoked signaling through DBCs. Although all GCs responses
in Nyxnob and TrpM1-/- are similar they differ significantly from
Grm6 mutants. Unlike GCs from Grm6 mutants, all Nyxnob and
TrpM1-/- GCs exhibit a significant rhythmic component in their
spontaneous activity and in visually responsive cells the
absence of RF center/surround organization.

Immunohistochemistry stained GABAA and GABAB receptors
in the inner and outer plexiform layers of the retina. This
staining did not co-localise with GFAP staining.
Conclusions: GABA evoked dilatation of arterioles in the
intact retina but not in isolated vessels, indicating an
extravascular site of action. This response was mediated via
GABAB receptors.
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GFAP and GABA receptors did not appear to be co-localised,
suggesting GABA was acting neuronally. However, a direct
action on Müller cells cannot be ruled out.

Methods: Wistar rats (n=49) were rendered diabetic by a
single i.p. injection of STZ (65 mg/kg). 7 days later, rats were
treated twice a day with one eye drop application of FV-6013502 (Fovea Pharmaceuticals, 1% in saline) for a 7 day-period.
On the last day of treatment, retinal vascular permeability,
leukostasis and retinal mRNA levels of B1R, B2R, iNOS,
eNOS, COX-2, ICAM-1, VEGFα, VEGF receptor type 2, IL-1β
and HIF-1α were measured by quantitative RT-PCR.

Funded by DEL.
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LRP5 SIGNALING IN MULLER CELLS IS ESSENTIAL FOR
RETINAL VASCULATURE DEVELOPMENT

Results: Retinal plasma extravasation (Evans Blue/g wet
tissue, n = 9-11) was significantly increased in STZ-diabetic
rats (25.7 ± 1.9 µg) compared to control rats (19.6 ± 1.1 µg)
and blocked by FV-60135-02 (19.9 ± 1.6 µg). Number of
adherent leukocytes in retinal vessels was significantly
increased in diabetic rats (164 ± 27, n = 5) compared to control
rats (106 ± 38, n = 7) and decreased in diabetic rats treated
with FV-60135-02 (111 ± 43, n = 7). mRNA levels of B1R,
iNOS, COX-2, VEGF receptor type 2, IL-1β and HIF-1α were
significantly increased in diabetic retinas compared to control
rats and were back to control values by FV-60135-02
treatment.

C.-H. Xia1, Z. Yablonka-Reuveni2, X. Gong1,3
1

School of Optometry, University of California, Berkeley, CA,
Department of Biological Structure, University of Washingon
School of Medicine, Seattle, WA, 3The Helen Wills
Neuroscience Institute, University of California, Berkeley, CA,
USA
2

The low-density lipoprotein receptor-related protein 5 (LRP5)
is a Wnt co-receptor that plays an important role in the
development and regulation of retinal vasculature. LRP5 lossof-function mutations lead to incomplete retinal vessel
network. Using LRP5 compound mutant mice with an
endothelial cell specific GFP transgene, we directly visualize
the development of retinal vasculature in LRP5 loss-of-function
mice. Our data reveal that endothelial cells of LRP5 mutant
retinas form clusters and are unable to sprout into deeper
retina layers to form the capillary network. To understand the
underlying cellular mechanism for how LRP5 mutations cause
retinal vascular abnormalities, retinal cell types that control the
expression and regulation of LRP5 are studied by examining
the expression and cellular localization of LRP5 in the mouse
retina. The LRP5 knockout allele has a knockin IRES-βgalactosidase gene inserted under the control of the
endogenous LRP5 promoter, thus the β-galactosidase (LacZ)
signal reflects the expression of LRP5 gene. LacZ-positive
cells are detected in the inner nuclear layer of homozygous
and heterozygous LRP5 knockout retinas. Immunostaining of
various cell markers confirms that LacZ signal is co-localized
exclusively in retinal Müller cells, but not in bipolar, amacrine
or horizontal cells in the inner nuclear layer. Our data suggest
that LRP5-mediated Wnt signaling in Müller cells probably
regulates vascular development in deeper plexus of the retina.
Moreover, a failure of endothelial cells to sprout, form the
lumen, branch and anastomose is the cause of incomplete
retinal vasculature in the LRP5 loss-of-function mutations.

Conclusion: Topical application of kinin B1R antagonist is
found as an effective approach to reverse increased retinal
vascular permeability and leukostasis in diabetes. B 1R seems
to have a pathological role in the early stage of diabetes by
interacting with other factors involved in inflammation and
retinal vascular alterations. Local administration of B1R
antagonist may therefore represent a new therapy in the
treatment of retinal damage in diabetes.
Supported by Fovea Pharmaceuticals and Foundation Fighting
Blindness.
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ISCHEMIC PRECONDITIONING INDUCES DELAYED
ISCHEMIC TOLERANCE AGAINST RETINAL
ISCHEMIA/REPERFUSION INJURY VIA ERK1/2 PATHWAY
J. Ding1, N. Wang1, J. Li2
1

Department of Ophthalmology, Beijing Tongren Hospital,
Capital Medical University; Beijing Ophthalmology & Visual
Sciences Key Lab, 2Department of Neurobiology, Beijing
Institute for Neuroscience, Capital Medical University, Beijing,
China

[Supported by grant EY013849 from the National Eye Institute
and a grant from the East Bay Community Foundation]

Background and aims: Ischemic preconditioning (IPC) of the
retina can provide protection against ischemia/reperfusion
injury, suggesting that the stimulation of endogenous
protective processes in the retina could be used to treat
ischemic injury. Although the molecular mechanism of retinal
IPC is not fully understood, our studies have led us to
hypothesize that the activation extracellular signal-regulated
kinase 1/2 (ERK1/2) in retinal glial cells plays a crucial role.
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KININ B1 RECEPTOR : A NEW TARGET TO REDUCE
RETINAL INFLAMMATION IN DIABETES
M. Pouliot1,2, S. Talbot2, D. Pruneau3, E. Vaucher1, R.
Couture2
1

Methods: Retinal ischemia was induced in rats by elevating
intraocular pressure. Subcellular fractionation, Western
blotting and immunostaining techniques were used to
determine the phosphorylation and translocation status of
ERK1/2 after retinal IPC. Recovery from ischemia performed
24 h after IPC was assessed histologically at 7 d following
ischemia, with or without inhibition of the ERK1/2 pathway.
Changes in retinal glial reaction were also evaluated using
glial fibrillary acidic protein (GFAP) immunostaining.

2

École d'Optométrie, Department of Physiology, Université de
Montréal, Montreal, QC, Canada, 3Fovea Pharmaceuticals,
Paris, France
Kinin B1 receptor (B1R) is upregulated in the retina of
Streptozotocin (STZ)-diabetic rats and recent studies
proposed that B1R is involved in changes in retinal
vasoreactivity and breakdown of the blood-retinal barrier.
Treatment with B1R antagonists could therefore reduce retinal
vascular damage in diabetic rats. The objective of this study
was to determine whether topical administration of a B 1R
antagonist, FV-60135-02, could reverse retinal vascular
hyperpermeability, leukostasis and expression of inflammatory
mediators putatively involved in diabetic retinopathy.

Results: Expression of phosphorylated ERK1/2 increased
significantly with IPC, beginning at 20 min and persisting up to
12 h. The signal was predominantly expressed in the end-feet
of Müller glial cell. IPC dramatically decreased the thinning of
outer and inner retinal layers and the loss of neuronal cell
bodies that normally attend ischemia. Specific inhibition of
ERK1/2 activation with U0126 prior to IPC blocked its
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neuroprotective effect and downregulated GFAP expression in
Müller glial cells.

EXPRESSION OF TOLL-LIKE RECEPTORS IN HUMAN IRIS
PIGMENT EPITHELIUM

Conclusion: Our results indicate that activation of the ERK1/2
pathway and stimulation of a Müller glial cell reponse,
contributes to the protective effects of retinal IPC.

K. Mai1, J. Chui1, N. DiGirolamo1, P. McCluskey2, D.
Wakefield1
1

Pathology, IIRC/UNSW, Randwick, 2Ophthalmology, Save
Sight Institute/Sydney Eye Hospital/University of Sydney,
Sydney, NSW, Australia
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CALCIUM PLAYS AN ESSENTIAL ROLE IN VASCULAR
ENDOTHELIAL GROWTH FACTOR-A-INDUCED
SIGNALLING

Background and aims: Uveitis is an ocular inflammatory
condition that is responsible for 10% of blindness and visual
impairment in Western communities. Acute anterior uveitis
(AAU) is the commonest form and accounts for 90% of all
uveitis cases. The reason for localisation of inflammation to
the anterior uvea is unknown but it is likely that differences
between the iris and retinal pigment epithelium are involved.

B. Elayappan1,2, S. Gurunathan2, G. Mc Geown1, T.M. Curtis1
1

Centre for Vision and Vascular Science, Queen's University,
Belfast, UK, 2Department of Biotechnology, Kalasalingam
University, Srivilliputtur, India
Background and aims: Pathological neovascularisation is a
feature of diabetic retinopathy and vascular endothelial growth
factor (VEGF-A) is believed to play an important role in this
process. Intracellular free calcium ([Ca2+]i ) acts as an
important 2nd messenger in the regulation of many aspects of
endothelial function, including angiogenesis. However the role
of calcium in VEGF-A signalling in retinal endothelial cells has
not yet been defined. The aim of the present study was to
elucidate the role of calcium in VEGF-A-induced signalling in
bovine retinal endothelial cells (BRECs).

Toll-like receptors (TLRs) are a family of phylogenetically
conserved transmembrane pattern recognition receptors
(PRRs) involved in innate immunity and inflammation.
Activation of TLRs in iris pigment epithelium (IPE) is
hypothesised to play a role in the pathogenesis of AAU. The
expression profile of TLRs in IPE is poorly studied.

Methods: BRECs isolated from bovine eyes and grown in
culture were used between passages 1 and 2. (Banumathi et
al.(2009) Microvascular Research,77:377-381). Cells were
pre-incubated with the acetoxymethyl ester of fura 2,
superfused with physiological solution at 37 C and [Ca2+]i was
estimated using ratiometric mirofluorimetry. BREC migration
was quantified in separate experiments using a scratch-wound
assay.

Methods: RT-PCR, Western blotting and immuno-staining
were used to investigate the expression of TLR1 to 10 in
human ocular pigment epithelial cell cultures (IPE, RPE and
ARPE-19).

The aim of this study is to fully characterise the expression
profile of TLRs in IPE and compare it to RPE and ARPE-19
(spontaneously arisen retinal pigment epithelial cell line).

Results: Ocular pigment epithelia (IPE, RPE and ARPE-19)
expressed TLR1-6, 8-10 transcripts; TLR7 transcript was
undetected by RT-PCR in any of the cells tested. TLR1-6 and
9 protein expression was detected by immuno-staining and
western blot whereas proteins representing TLR8 and 10 were
not detected.

Results: Stimulation of BRECs with 25 ng of VEGF-increased
[Ca2+]i in single endothelial cells (n=8-10) with an initial
transient peak followed by sustained plateau phase. When
BRECs were exposed to calcium free buffer (1mM EGTA) the
initial peak was little affected but the plateau phase was
decreased in amplitude. Pre-incubation of BRECs for 30 min.
with BAPTA-AM (1µM), which is hydrolysed intracelluarly to
release the Ca2+- chelator BAPTA, abolished VEGF-A-induced
[Ca2+]i rises. Pre-treatment with the PLC-γ inhibitor U73122
(10µM) or pigment epithelium-derived factor (PEDF, 10nM)
also inhibited both the transient and sustained components of
the VEGF-A-induced [Ca2+]i response. Pre-incubation of
BRECs with BAPTA-AM or U73122 blocked VEGF-stimulated
cell migration in the scratch wound assay.

Conclusion: IPE expresses TLRs and the expression profile
is the same as that of RPE and ARPE-19. Expression of TLRs
in human ocular pigment epithelial cells provides a basis for
responses to many ocular pathogens and their activation may
be involved in the pathogenesis of uveitis.

Cytokine Mediated Cell - Cell Interactions
in the Cornea
O255

Conclusion: VEGF-A-induces a biphasic [Ca2+]i rise in
BRECs, with an initial transient followed by plateau. The
plateau phase is dependent on extracellular Ca2+, suggesting it
reflects Ca2+ influx. The initial transient was not inhibited by the
removal of external calcium and probably results from release
of intracellular Ca2+- stores. Ca2+ -signalling occurs via a PLCγ dependent- pathway and is inhibited by PEDF. Interventions
which inhibits [Ca2+]i, including the use of BAPTA-AM to
chelate intracellular Ca2+ without directly affecting other
potential VEGF activated pathways, also inhibited stimulation
of BREC migration by VEGF-A. This suggests that Ca2+ signalling is essential to the pro-angiogenic action of VEGF-A
on BRECs.

CYTOKINE AND PROTEINASE GENE THERAPY FOR
DIABETIC CORNEAL WOUND HEALING
M. Saghizadeh1, A.A. Kramerov1, S. Soleymani1, A.
Harounian1, M.G. Castro2,3, S.M. Troyanovsky4, A.V.
Ljubimov1,3
1

Ophthalmology Research Laboratories, 2Gene Therapeutics
Research Institute, Cedars Sinai Medical Center, 3David
Geffen School of Medicine, University of California Los
Angeles, Los Angeles, CA, 4Department of Dermatology,
Northwestern University, Chicago, IL, USA
Purpose: We previously showed that human diabetic corneas
have altered basement membrane and integrin markers,
increase in matrix metalloproteinase (MMP)-10 and cathepsin
F, decreased hepatocyte growth factor receptor, c-met protooncogene, and impaired epithelial wound healing. In order to
normalize marker expression and wound healing in diabetic
corneas, gene therapy approach would be useful. Our purpose

We thank Commonwealth scholarship commission, U.K. for
financial support.
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was to examine adenoviral (AV) gene therapy effects in organcultured human corneas on the basement membrane and
integrin marker expression, wound healing times and patterns
of putative limbal stem cell markers.

modulatory pathways. Prior evidence indicates neuropathy
due to trauma or diabetes reduces the viability of the corneal
epithelium.
Aims: To examine the mode of signaling interactions between
epithelial cells and neurons during injury, including the trophic
factors released by neurons, and to determine the trigeminal
neuron P2X and P2Y receptor expression profile. We
hypothesized that the initial wound cascade passes from the
epithelium to neurons due to P2 receptor activation by
nucleotides, and that the neuronal release of factors augments
the injury response.

Methods: More than 60 pairs of normal and diabetic corneas
were used. Marker protein and signaling intermediate
expression
was
studied
by
quantitative
RT-PCR,
immunohistochemistry, phosphoproteomic arrays and Western
blot. Wound healing times were measured upon inflicting 5mm circular epithelial wounds with n-heptanol. AV constructs
harbored full-length open reading frames of c-met, MMP-10,
and cathepsin F, or shRNA against each proteinase.

Methods: Epithelial-neuronal co-culture, reverse-transcription
PCR, quantitative real-time PCR, immunocytochemistry, livecell confocal Ca2+ imaging.

Results: c-Met overexpression in diabetic corneas normalized
basement membrane and integrin markers, and accelerated
wound healing to normal levels. c-Met effects were apparently
due to the activation of p38 mitogen-activated protein kinase.
Conversely, MMP-10 or cathepsin F upregulation in normal
corneas resulted in a diabetic-like marker protein patterns and
slower wound healing. The effects were more pronounced
when proteinase genes were transduced together. The
proteinase action was possibly due to decreased activation of
EGFR and its downstream signaling intermediate Akt protein
kinase. Transduction of MMP-10 or cathepsin F shRNA into
diabetic corneas improved wound healing dynamics
suggesting the functional role of both proteinases in diabetic
epithelail abnormalities. Putative limbal epithelial stem cell
markers including ABCG2, ΔN-p63a, ß1 integrin, laminin
gamma3 chain, and keratins (K) K15, K17, and K19 had a
decreased immunostaining in diabetic corneas compared to
normal. Importantly, upon c-met transduction, limbal staining
for K17, ß1 integrin, a diabetic marker a3ß1 integrin, and pp38 was increased compared to vector-transduced fellow
corneas.

Results: We developed a primary trigeminal neuron and
human corneal epithelium (HCLE) co-culture corneal model.
Upon wounding the co-culture, a Ca2+ wave passed from the
epithelium to the neurons, causing depolarizations. A P2X
contribution to the Ca2+ wave was shown by using Ca2+-free
buffer. Connexin (Cx) hemichannel contributions were
inhibited using an antagonist cocktail. Using RT-PCR we
confirmed Cx26, 30, 37, 40, 43, and 45 mRNA expression in
HCLEs, and immunocytochemistry substantiated Cx43 protein
membrane localization. To examine P2 receptor transcript
expression in neuronal cultures, RT-PCR and quantitative realtime PCR confirmed the presence of P2Y 1,2,4,6&12 and
P2X1,2,3,4,5,6&7, similar to that of whole trigeminal tissue.
Treatment of neuronal cultures with ATP, ADP, UTP, and UDP
resulted in concentration-dependent intracellular Ca2+
increases. Treatment with HCLE wound media incubated with
a nucleotidase, apyrase, ablated the neuronal nucleotide
response; however, neuronal wound media initiated a unique
secondary response in HCLEs, caused by glutamate. Nmethyl-D-aspartate (NMDA) treatment increased Ca2+
oscillations in HCLEs, and RT-PCR showed the presence of
NMDA Receptor (NR)1, NR2A, NR2C, NR2D, NR3A, and
NR3B subunit transcripts.

Conclusions: Overall, c-met gene therapy could normalize
key epithelial features of diabetic corneas including the limbal
epithelial compartment. Silencing of specific proteinases in
combination with c-met transduction may increase beneficial
effect. Additionally, c-met gene therapy with proteinase
silencing could potentially elicit long-term curative effect in
diabetic corneas by directional transduction of limbal stem cell
compartment in order to alleviate diabetic epitheliopathy or
increase limbal cell transplantability in serious cases, such as
recurrent erosions or persistent epithelial defects.

Conclusions: These results show that through the release of
nucleotides by the epithelium and the release of glutamate by
neurons, corneal cells respond synergistically to promote
wound closure.

Support: NIH R01 EY13431, M01 RR00425, Winnick Family
Foundation, Eye Defects Research Foundation.
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A CHEMICAL BIOLOGY APPROACH TO IDENTIFY
INHIBITORS OF TGF-BETA SIGNAL TRANSDUCTION IN
THE CORNEA
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M.E. Fini, G. Gordon

THE CORNEAL WOUND RESPONSE INVOLVES
RECIPROCATED ACTION BY NUCLEOTIDES RELEASED
FROM THE EPITHELIUM AND BY GLUTAMATE FROM
TRIGEMINAL AFFERENT NEURONS

Institute for Genetic Medicine, Keck School of Medicine of
USC, Los Angeles, CA, USA
The process of tissue repair exists on a spectrum, one end
being complete regeneration and the other, fibrotic tissue
deposition and scarring. TGF-betas give repair tissue its
fibrotic character, with TGF-beta2 being particularly prominent
in cornea. TGF-beta2 is released into the stroma from the
overlying epithelium. The production of TGF-beta is then
amplified in repair fibroblasts by an autocrine feedback loop
that signals to the TGF-beta gene. Any substance that can
interfere with this signalling would be a candidate therapeutic
for enhancing the regenerative character of repair. In a high
throughput approach to screen chemical compound libraries,
we developed a vector that reports activation of the TGF-beta2
gene transcriptional promoter. This construct was cotransfected with a renilla luciferase gene under the control of a
CMV promoter into a human corneal limbal epithelial cell line
(HCLE), generously provided by Dr. Ilene Gipson. HCLEs
were treated with 10 ng/ml of TGF-beta2 (to induce an
autocrine feedback loop) with or without various compounds

D. Oswald1, V. Trinkaus-Randall2
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Biochemistry, 2Biochemistry, Ophthalmology, Boston
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When the cornea is injured, the diffusion of nucleotides from
the damaged epithelial cells initiates an immediate signaling
cascade by binding purinergic (P2) receptors. When
nucleotides bind metabotropic P2Y receptors, the Gα q protein
signaling cascade is initiated, causing a Ca2+ release from
intracellular stores, and upregulating survival and migratory
pathways in epithelial cells.
The cornea is one of the most highly innervated tissues in
humans. ATP binding to ionotropic P2X receptors allows the
influx of Ca2+ from extracellular stores, resulting in the
depolarization of nociceptive sensory neurons, and nucleotide
activation of P2Y receptors has been shown to initiate synaptic
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for 24 hours. The firefly to renilla activity ratio was then
quantified to determine the relative TGF-beta2 promoter
activity to see which compounds could block transcription of
the TGF-beta2 gene. Statistical significance of observations
was determined using a student's t-test. We performed a pilot
screen using 7 synthetic chemical compounds that we
hypothesized may inhibit TGF-beta2 expression. Compound
G, a p38 MAPK pathway inhibitor, significantly reduced TGFbeta2 promoter expression without any apparent affect on cell
morphology or cell survival. We are now geaing up to apply
this approach to chemical and siRNA libraries.

and we further identified the downstream molecules of PI 3kinase pathways. Brief stimulation of cells with IL-1β activated
PI 3-kinase and p38; specific inhibitors for PI 3-kinase
(LY294002) and p38 (SB203580) blocked production of FGF-2
mediated by IL-1β. Similarly, transcorneal freezing caused
FGF-2 production in corneal endothelium, and topical
treatment with either inhibitor on the cornea after
cryotreatment reduced FGF-2 levels. Since IL-1β is one of the
principal cytokines responsible for inflammatory responses, we
further investigated whether IL-1β activates nuclear factor κB
(NF-κB) while inducing production of FGF-2. Of interest,
sulfasalazine (inhibitor of NF-κB activation) blocked FGF-2
production in response to IL-1β activation. LY294002 and
SB203580 blocked phosphorylation of the p65 subunit of NFκB. Using an NF-κB transcription factor assay kit, we further
confirmed that activation of NF-κB by IL-1β is regulated by the
PI 3-kinase and p38 pathways. These results show that NF-κB
is the downstream effector of the PI 3-kinase/p38 pathways for
the inductive activity of IL-1β on FGF-2. The IL-1β-induced
FGF-2 markedly stimulates cell proliferation of CECs that are
otherwise arrested at the G1 phase of the cell cycle,
modulates actin cytoskeleton organization, and facilitates cell
motility, major phenotypes observed during EMT. These data
suggest that the injury-mediated inflammation is able to cause
EMT by linking the canonical NF-κB pathway to induction of
FGF-2 (the direct mediator of EMT). [Supported by NIH grants
R01 EY06431 and EY03040 and by Research to Prevent
Blindness].
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EPH RECEPTOR AND EPHRIN-MEDIATED CELL-CELL
COMMUNICATION IN THE CORNEAL EPITHELIUM
S. Getsios, R. Lavker, A. Fatima, N. Kaplan
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Medicine, Chicago, IL, USA
Eph receptor tyrosine kinases become activated by ephrin
ligands present on neighboring cells. Eph/ephrin signaling
directs the formation and organization of neuronal and
vascular networks during embryonic development but
emerging evidence suggests a key role for this cell-cell
communication pathway in adult epithelial tissues. In the eye,
EphA2 deficiency leads to defects in the lens epithelium that
cause age-related cataracts. EphA2 is also abundantly
expressed by human corneal epithelial cells along with several
of its high affinity ephrin-A ligands; however, their functions
within the ocular anterior segmental epithelia remain poorly
defined. Using recombinant peptidomimetic ephrin-A ligands,
we found that EphA2 activation, followed by its internalization
and loss, markedly inhibited human corneal keratinocyte
migration during the sealing of linear scratch wounds.
Although multiple Eph receptor family members are present in
corneal keratinocytes, gene silencing and reconstitution of
EphA2 showed this receptor to be the major subtype
responsible for ephrin-A-mediated restriction of migration. In
addition, EphA2 was capable of dampening AKT signaling; a
known driver of corneal keratinocyte migration. Accordingly,
ephrin-A1 peptide treatment was no longer capable of
inhibiting wound healing in keratinocytes expressing a
constitutively active, myristoylated AKT construct. Moreover,
EphA2 relied on an intact AKT signaling pathway to restrict
keratinocyte migration as demonstrated by pharmacological
blockade of PI3-kinases (PI3K). These collective observations
reveal EphA2 as a potential regulator of corneal epithelial
wound healing by serving as part of a negative feedback loop
with the PI3K-AKT signaling pathway to control corneal
keratinocyte migration.
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CYTOKINE AND GROWTH FACTOR REGULATION OF REEPITHELIALISATION IN THE CORNEA
J. Daniels, G.A. Secker, M. Notara
Ocular Biology and Therapeutics, UCL Institute of
Ophthalmology, London, UK
The integrity and functionality of the outermost layer of the
human cornea, the epithelium, is essential for vision. This
epithelium is maintained throughout life by a population of
limbal epithelial stem cells (LESCs) that reside in an exquisite
niche in the limbus at the corneal periphery. During
homeostasis cell turnover in corneal epithelium is slow,
however, following insult it is often necessary for the rate of
epithelial cell migration and proliferation (including in the LESC
population) to be increased for healing to occur. Asymmetrical
division of LESCs following injury gives rise to daughter
transient amplifying cells which migrate, proliferate and
differentiate to re-populate the corneal epithelium. Cytokines
and growth factors play a major role in regulating the spatial
and temporal events associated with reepithelialisation of the
cornea. Furthermore, these proteins are involved in the
paracrine cross-talk which takes place between the epithelial
cells and their neighbours, including keratocytes, as wound
healing proceeds. This presentation will provide an overview of
our current knowledge of the process of re-epithelialisation in
the cornea, the cell-cell interactions involved and will also
discuss a potential novel role for interleukin-6 (IL-6) in the
regulation of LESCs which may be of relevance to
homeostasis and tissue repair.
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IL-1Β: THE INITIAL SWITCH OF THE FGF-2-MEDIATED
ENDOTHELIAL MESENCHYMAL TRANSFORMATION
E.P. Kay1,2, J.G. Lee2, J.-S. Song2
1

Ophthalmology, University of Southern California, 2Doheny
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Nanotechnology and Tissue Engineering

During
injury-mediated
inflammation,
the
infiltrating
polymorphonuclear leukocytes massively release IL-1β into
the anterior chamber. The released IL-1β stimulates
production of all isoforms of FGF-2 in corneal endothelial cells
(CECs), as determined by in vivo animal study. Our in vitro
study also indicates that IL-1β plays a pivotal role in the
endothelial mesenchymal transformation (EMT) observed in
the nonregenerative wound-healing model. Using both the in
vivo and in vitro models, we determined whether IL-1β
employs PI 3-kinase (the major pathways utilized in CECs)
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TARGETED NANOCARRIERS FOR IMAGING AND
THERAPY OF OCULAR INFLAMMATION AND
NEOVASCULARIZATION
A. Jayagopal1, J. Penn2, F. Haselton3
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de Recherche de l'Hôpital Maisonneuve-Rosemont, Université
de Montréal, Montreal, QC, Canada
Background: Pseudophakic bullous keratopathy and primary
endotheliopathies (including Fuch's endothelial dystrophy)
represent the leading indications for corneal transplantations.
The recent progress in tissue engineering has made it possible
to consider new solutions for posterior corneal replacement.

Background and aims: Vascular cell adhesion molecule
(VCAM-1) is a marker of inflammation expressed on
endothelial cell surfaces in a broad spectrum of ocular
vascular diseases, including uveitis, diabetic retinopathy, and
age-related macular degeneration. As VCAM-1 expression
often precedes development of severe pathology, clinical
approaches for early detection of this marker would facilitate
timely therapeutic interventions. Furthermore, as VCAM-1 is
expressed focally on inflamed endothelium, and not the
endothelium lining healthy tissues, it constitutes a potential
therapeutic target. We have developed a series of
nanocarriers targeted against VCAM-1 which can bear
imaging or therapeutic payloads. These nanocarriers are
internalized within VCAM-1 positive endothelial cells via a
clathrin-mediated endocytosis pathway in vitro and in vivo, but
are not internalized within healthy endothelium. A polyethylene
glycol (PEG) shell prolongs circulation of the nanocarrier in
vivo. Once internalized within VCAM-1 positive endothelial
cells, the PEG shield is uncoupled from the nanocarrier
through degradation of an acid-labile linkage, and a
polyethyleneimine cationic endosomal release coating is
exposed to facilitate cytoplasmic delivery of the cargo. The
goal of this study was to demonstrate the utility of VCAM-1
targeted nanocarriers for delivery of imaging agents and
therapeutics in ocular vascular diseases.

Aim: To characterize a tissue-engineered posterior cornea
reconstructed using the self-assembly approach.
Methods: Human corneal keratocytes were cultured in the
presence of serum and ascorbic acid, forming sheets of
extracellular matrix that were then superposed to reconstruct a
corneal stroma. Human corneal endothelial cells were seeded
on top and cultured for 28 days (n=14). These reconstructed
posterior corneas were analysed using histology, scanning
and transmission electron microscopy and immunofluorescent
staining of various proteins. Alizarin red staining was used to
evaluate final endothelial cell densities (ECD).
Results: The reconstructed endothelium adhered on the selfassembled stromal matrix and formed a monolayer of flattened
cells with a normal ultrastructure and endothelial cell
morphology. Endothelial cells expressed Na+/K+-ATPase α1.
The reconstructed corneal stroma also expressed collagen
types I, IV, V, VI, XII, XIV and did not express collagen types II
and III. Morphometric analysis of alizarin red stained
reconstructed endothelium revealed final ECD between 732
and 1434 cells/mm2 (mean: 982±226) and 43±4% of 6-sided
cells.

Methods: VCAM-1 targeted nanocarriers bearing optical
imaging agents, magnetic resonance contrast agents, or
siRNAs were characterized to determine optimal size, surface
charge, and encapsulation efficiencies. Cytotoxicity, delivery
efficiency, and functional knockdown of ICAM-1 was
determined in cultured retinal microvascular endothelial cells.
The mechanism of nanocarrier cytoplasmic delivery was
validated using confocal microscopy and immunofluorescence
analysis. Homing and biodistribution of nanocarriers in rodent
models of neovascular age-related macular degeneration and
atherosclerosis was analyzed using in vivo and ex vivo optical
imaging.

Conclusions: This study shows the feasibility of
reconstructing a posterior corneal substitute with the selfassembly approach, using untransformed human cells and
without adding exogenous biomaterials. Potential applications
of this model are numerous, including various in vitro
pharmacological studies and in vivo grafting. We consider that
such results represent an additional step towards the future
development bioengineered corneas.
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Results: VCAM-1 targeted nanocarriers were capable of
specific targeting of VCAM-1 on inflamed retinal endothelial
cells in vitro. >60% knockdown of ICAM-1 was measured,
similar to Lipofectamine 2000 control. Cytoplasmic delivery
was confirmed via observation of endosomal escape. In vivo,
specific targeting of inflamed retinal endothelium was
observed in animal models of vascular disease, but offtargeting was minimal in age-matched controls, as indicated
by biodistribution analysis of multiple organs.

TARGETED PLGA NANOPARTICLES DELIVERING ANTIANGIOGENIC FLT23K INTRACEPTOR REGRESS MURINE
CHOROIDAL NEOVASCULARIZATION IN A NOVEL
MODEL OF AMD
B.K. Ambati1, Y. Qazi1, L. Luo1, P. Tyagi2, K. Jackman1, B.
Archer1, Y. Liu1, K. Zygmu3, R. Whitaker3, U. Kompella2
1

Ophthalmology, Moran Eye Center, University of Utah, Salt
Lake City, UT, 2Department of Pharmaceutical Sciences,
University of Colorado at Denver, Denver, CO, 3Scientific
Computing and Imaging Institute, University of Utah, Salt Lake
City, UT, USA

Conclusions: VCAM-1 targeted nanocarriers are a promising
framework for the delivery of diverse imaging and therapeutic
payloads to the cytoplasm of diseased retinal endothelial cells
in vivo. This platform may serve as an alternative to nontargeted intravitreal or systemic injections of such agents, and
will enable new approaches intended for intracellular
endothelial targets.

Purpose: To determine whether RGD-Flt23k-NR PLGA NPs
can regress AAV.siRNA.sFlt-induced CNV, a novel murine
model of AMD.
Methods: CNV was induced in C57BL/6J mice by injecting
(subretinally) AAV mediating expression of siRNA targeting
soluble VEGF receptor 1(AAV.siRNA.sFLT-1).Three months
later, RGD-Flt23k-NR-PLGA NPs (0.1 ug plasmid/ul DMSO;
90ul) were delivered via tail vein. Flt23k-NR PLGA NPs (0.1 ug
plasmid/ul DMSO; 90ul), blank NR- PLGA NPs (equivalent NP
weight in 90ul DMSO) and PBS (90ul) served as controls.
CNV lesions were evaluated by fluorescein & indocyanine
green angiography and optical coherence tomography (OCT)
using the Heidelberg Spectralis in vivo. RGD-Flt23k-NR-PLGA
nanoparticle
localization
was
confirmed
by
immunohistochemistry. Fundal imaging was performed preintervention, and at 2 and 4 weeks post-intervention.

O262
CHARACTERIZATION OF A TISSUE-ENGINEERED
POSTERIOR CORNEAL SUBSTITUTE RECONSTRUCTED
USING THE SELF-ASSEMBLY APPROACH
S. Proulx1,2, P. Carrier1,2, I. Brunette3, F.A. Auger1, L.
Germain1,2
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Volumetric analysis of CNV lesions in vivo was performed on
OCT images using Seg3D software. One month postintervention, the retina and RPE-choroid-sclera complexes
were harvested for flatmount preparation and posterior poles
for cryosections. Flatmounts were immunostained for isolectin
and GFAP/Collagen1, and the cryosections for isolectin,
GFAP, collagen-1 and DAPI. Fluorescence and confocal
microscopy was performed on the flatmounts and cryosections
respectively.

Cell Biology, University of Oklahoma Health Sciences Center,
Oklahoma City, OK, USA
The purpose of the present study was to test the therapeutic
efficiency and safety of compacted-DNA nanoparticlemediated gene delivery into the subretinal space of a juvenile
mouse model of retinitis pigmentosa (RP). Nanoparticles
containing the mouse opsin promoter (MOP) and wild type
mouse Rds gene were injected subretinally into mice carrying
a haploinsufficiency mutation in the retinal degeneration slow
(rds+/-) gene at postnatal day (P) 5 and 22. Control mice were
either injected with saline, un-compacted naked plasmid DNA
carrying the Rds gene, or remained untreated. Rds mRNA
levels peaked at post-injection day 2 to 7 (PI-2 to PI-7) for P5
injections, stabilized at levels two-fold higher than in uninjected
controls for both P5 and P22 injections, and remained
elevated at the latest timepoint examined (PI-120). Rod
function (measured by electroretinography) showed modest
but statistically significant improvement compared to controls
after both P5 and P22 injections. Cone function in
nanoparticle-injected eyes reached wild-type levels for both
ages of injections, indicating full prevention of cone
degeneration. Ultrastructural examination at PI-120 revealed
significant improvement in outer segment structures in P5
nanoparticle-injected eyes while P22 injection had a modest
structural improvement. There was no evidence of
macrophage activation or induction of IL-6 or TNF-a mRNA in
P5 or P22 nanoparticle-dosed eyes at either PI-2 or PI-30.
Thus, compacted DNA nanoparticles can efficiently and safely
drive gene expression in both mitotic and post-mitotic
photoreceptors and retard degeneration in this model. These
findings, using a clinically relevant treatment paradigm,
illustrate the potential for application of nanoparticle-based
gene replacement therapy for treatment of human retinal
degenerations.

Results: RGD-NR-Flt23k-PLGA NPs delivered intravenously
showed no ocular or systemic toxicity. CNV lesions treated
with RGD-flt23k-NR PLGA NPs regressed by 76.1% at 4
weeks post-treatment. Non-functionalised Flt23k NR NP
treated group showed a modest regression of 22.2%. In
control groups (PBS, blank NP) we noted progression of CNV
by 42.1%, and mild regression of CNV by 5.4% respectively.
Occult CNV tended to progress in control but not treated mice.
CNV lesions in RGD-Flt23k-NR NP treated choroids were
smaller, less vascular, and less fibrotic. RGD-Flt23k-NR NP
treatment also inhibited RPE proliferation and inflammatory
cell migration. The retina appeared normal unlike that of
controls which developed highly proliferative CNV lesions with
signs of inflammatory process and fibrosis.
Conclusions: RGD-NR-Flt23k-NR PLGA NPs, a novel,
surface-functionalized form of nanoparticles provide targeted
anti-angiogenic gene delivery to the neovascular subretinal
lesions, induce CNV regression, and inhibit subretinal
proliferation.
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THE NOVEL CROSSLINKER FOR BIOMIMETIC TISSUEENGINEERED CORNEAL SUBSTITUTES
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J.I. Ahn1, R.K. Sriram1, F. Li1, M. Griffith1,2
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ROBUST CELL INTEGRATION FROM RETINAL
PROGENITOR CELLS AND BIODEGRADABLE MMP2
MICROSPHERES

Our objective of this research was to evaluate and compare
mechanical and optical properties and in vitro biocompatibility
of collagen hydrogel crosslinked 1-ethyl-3-(3-dimethyl
aminopropyl) carbodiimide (EDC) with N-Cyclohexyl-N′-(2morpholinoethyl)
carbodiimide
metho-p-toluenesulfonate
(CMC). Besides, the properties of collagen hydrogel were
compared with composition addition order.

J. Yao1,2, B.A. Tucker2, X. Zhang2, R. Herrero-Vanrell3, M.J.
Young2
1

Department of Ophthalmology, Eye & ENT Hospital,
Shanghai Medical School, Fudan University, Shanghai, China,
2
Schepens Eye Research Institute, Harvard Medical School,
Boston, MA, USA, 3Department of Pharmacy and
Pharmaceutical Technology, School of Pharmacy, University
Complutense of Madrid, Madrid, Spain

Collagen hydrogel was made of 10% porcine type I collagen
crosslinked EDC and N-hydroxysuccinimide (NHS). Another
collagen hydrgogel was crosslinked using CMC and NHS.
These collagen hydrogels were measured tensile strength,
water contents, optical properties and thermal analysis.
Besides, immortalized corneal epithelial cells, corneal
endothelial cells and nerve cells from chicken embryo were
cultured on these collagen hydrogel. They were characterized
by cell growth.

Background and aims: The inability of the adult mammalian
retina to regenerate can be partly attributed to the increased
expression of injury-induced inhibitory extracellular matrix and
cell adhesion molecules, such as neurocan and CD44. It has
been shown that matrix metalloproteinase 2 (MMP2) can
promote host-donor integration by degrading these molecules.
In order to enhance cellular integration and retinal
repopulation, a biodegradable microsphere that has the ability
to deliver MMP2 was co-transplanted with retinal progenitor
cells (RPC) in this study.

CMC had a longer gelation time than EDC and it was possible
to be crosslinked in the room temperature. Besides the
properties of collagen hydrogel crosslinked CMC was similar
with or superior to those crosslinked EDC. It was considered
that CMC is the novel crosslinker for biomimetic tissueengineered corneal substitutes.

Methods: P0 GFP positive C57BL6 mice were used for RPC
isolation and adult Rho-/- mice were used as recipient animals.
1ml of MMP2 microspheres (5ng/ml) with or without RPCs
were put on the outer surface (subretinal) of retinal explants
for 5 days or transplanted to the subretinal space for 3 weeks.
The same microspheres without MMP2 were used as a
control.
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GENE DELIVERY TO PHOTORECEPTORS VIA
NANOPARTICLES RESULTS IN IMPROVED PHENOTYPE
IN A MODEL OF RETINITIS PIGMENTOSA

Results: The biodegradable microspheres continued
delivering MMP2 for at least 10 days and peaked at d5.
Following delivery, the intense band of neurocan and CD44
staining seen at the outer surface of the retina began to

M. Naash
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Our data suggests that mutations/polymorphisms in mregDSU
may be an important risk factor in retinal degenerative
disease.

decrease on d1, significantly decreased on d3, and was
almost abolished on d5. Coincident with this, a robust increase
of RPC integration was observed on d3, and continued
towards d5. The number of cells' integrating into the retina per
field in MMP2 groups and control groups was 1.8 ± 1.0 and 0.3
± 0.5 on d1, 18.6 ± 2.6 and 7.3 ± 1.4 on d3, 26.8 ± 3.5 and
12.1 ± 2.4 on d5. In vivo, degradation of CD44 and neurocan
was shown on d5 without disruption of retinal structure. An
increase in cell integration was observed in MMP2 groups
(38.9±4.7) as compared to control groups (20.1±3.8) 3 weeks
post transplantation.

O268
CYSTATIN C AND ITS VARIANT B (ARMD11) IN RPE
CELLS: FUNCTIONAL CONSEQUENCES OF IMPAIRED
TRAFFICKING OF A MAJOR PROTEOLYSIS REGULATOR
L. Paraoan

Conclusions: Combining microspheres with RPC is a
practical and effective strategy for retinal repair, which
provides controlled release of MMP2 to the site of retinal
injury, stimulating inhibitory barrier removal and enhancing
stem cell integration.

Unit of Ophthalmology, School of Clinical Sciences, University
of Liverpool, Liverpool, UK
Background and aims: Variant B of the precursor cystatin C,
encoded by the gene recently designated ARMD11, was
reported to contribute to increased risk of developing
exudative age-related macular degeneration (AMD) and lateonset Alzheimer's disease (AD). Cystatin C, a strong inhibitor
of cysteine proteinases, especially cathepsins B, H, L and S, is
expressed abundantly by the retinal pigment epithelium (RPE).
The disease-associated variant differs from the wild-type form
by a single aminoacid residue (Ala25Thr) in the N-terminal
signal sequence, previously shown to be essential for targeting
the protein to the secretory pathway. Functional consequences
of this variation were studied in relation to intracellular
trafficking, polarity and efficiency of secretion by RPE cells.

RPE Proteolysis: Regulation and
Relationship to Retinal Disorders
O267
ROLE OF LYSOSOME MATURATION AND BIOGENESIS IN
RPE MEDIATED PHAGOCYTIC PROCESSES
K. Boesze-Battaglia, M. Damek-Poprawa, J. Brancato, A.
Kazi

Methods: Trafficking of variant B precursor cystatin C fused to
green fluorescent protein (GFP) was studied in real time in
living transfected cells (primary RPE cells, ARPE19 and HeLa)
by confocal microscopy. Bleaching experiments of sub-cellular
organelles assessed the dynamics of localization. Precursor
cystatin C was analyzed qualitatively and semi-quantitatively in
cell lysates and media of transfected cells by immunoblotting.
Monolayers of ARPE19 cells established on Matrigel-covered
membranes, with and without AGE (advanced glycation
endproducts)-treatment, were used to assess the efficiency
and directionality of cystatin C secretion.

Biochemistry, University of Pennsylvania, Philadelphia, PA,
USA
Retinal pigment epithelial cells are profession phagocytes
ingesting a prodigious number of photoreceptor outer
segments daily. These cells have a physiological demand for
efficient lysosome maturation necessary in the degradative
breakdown of ingested material by phagolysosomes. Defects
in phagolysosome formation and function lead to the
accumulation of retinal debris and oxidized adducts,
contributing to retinal dysfunction. Genetic and biochemical
evidence suggests that melanoregulin (MREG) is critical in the
formation of functional lysosomes required to digest
phagocytosed debris. We propose that a loss of MREG
impairs phagosome maturation and that MREG mediated
decreases in lysosomal function contributes to the
accumulation of lipofuscin and aberrant vasculogensis. In this
study we analyzed the contribution of melanoregulin to
lysosome dependent processes in the RPE using an Mreg-/mouse colony carrying a deletion in the first two exons of the
mregDSU allele as well as human ARPE19 and rat RPEJ cells
in which mregDSU has been silenced. Lysosome function was
assessed through analyses of lysosomal pH using pH indicator
dyes, lysosomal protease activity including Cathepsin D, acid
lipase as well as the degradation of opsin in phagolysosomes.
Immunofluorescence analyses were carried out on frozen
sections. In the MREG -/- mice the enzymatic activity and
maturation of Cathepsin (Cat-D) the principle lysosmal
protease was inhibited leading to diminished opsin
degradation and lipofuscin accumulation over time. Human
AREP19 cells stably expressing MREG shRNA demonstrated
enhanced levels of secreted unprocessed, Pro-Cathepsin D in
the growth medium as compared to control ARPE19 cells.
Similar results were obtained with the RPE-J line. The lack of
Cat-D processing was correlated with the alkaline lysosomes
observed in the MREG knockdown cells.
Furthermore, secretion of pro-Cat-D appeared to result in
enhanced vascular staining in choroidal regions of Mreg-/mice.
In conclusion, MREG expression is necessary for efficient
degradation and function of OS. Cat-D secreted by MREG-/RPE may act as a paracrine signal to stimulate
vasculogenesis.

Results: Processing of variant B cystatin C through the
secretory pathway in RPE cells is significantly impaired
through a mechanism dependent on the reduced
hydrophobicity of the signal sequence and results in a
reduction by approximately half of the secreted, mature
cystatin C. The efficiency of this process is further reduced in
AGE-treated cells. However, the polarity of secretion
(predominantly basolateral) of mature cystatin C is not
affected. Surprisingly, the unprocessed or partially processed
variant B precursor cystatin C is re-directed to the
mitochondria, independent of the mitochondrial membrane
potential but suggestive of a weak anchorage in the
mitochondrial membrane system. Expression of the variant
fusion protein does not affect expression, trafficking or
secretion of endogenous, wild-type cystatin C, thus providing
experimental support for the variant allele acting in a recessive
manner.
Conclusions: Two molecular mechanisms previously not
considered in relation to AMD pathology are highlighted:
(i) impairment of the proteolytic balance in the extracellular
space of the RPE cells, as a consequence of reduced
secretion; and
(ii) inappropriate intracellular retention of proteins, other than
in drusen or amyloid format.
[Supported by The Wellcome Trust, The Guide Dogs for the
Blind Association and Foundation for Prevention of Blindness].
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RAB ESCORT PROTEIN-1 DEPLETION AFFECTS
PHAGOCYTIC AND SECRETORY PATHWAYS IN HUMAN
RETINAL PIGMENT EPITHELIUM, MONOCYTES AND SKIN
FIBROBLASTS
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I. MacDonald

The eye lens presents a unique opportunity to explore roles for
specific molecules in cell proliferation, differentiation and
development because cells remain throughout life.
Ubiquitination controls many critical cellular processes, most of
which require specific lysines on ubiquitin. Of the 7 lysines the
least in known about lysine 6. Ubiquitin (Ub) in which K6 was
substituted with various residues enters into conjugates, but
the conjugates are not degraded via the ubiquitin proteasome
pathways (UPP). Thus, expressing this Ub variant in vivo in a
tissue specific fashion offers unique opportunities to determine
functions for ubiquitination-dependent processes, which can
not be achieved using proteasome inhibitors which can not be
directed to specific tissues. We expressed K6W-ubiquitin in
the lens and lens cells. Tthe backbone of K6W-ubiquitin is
indistinguishable from that of WT ubiquitin and it is effectively
conjugated and deconjugated. Expression of K6W-Ub results
in accumulation of intracellular aggregates and also slows cell
proliferation and the differentiation program. The latter
includes expression of lens specific proteins, differentiation of
epithelial cells into fibers, achieving proper fiber cell
morphology, and finally removal of nuclei. The latter is critical
for transparency, but the mechanism by which cell nuclei are
removed has remained an age old enigma. This was solved by
expressing K6W-Ub. p27kip, a UPP substrate accumulates in
lenses
which
express
K6W-Ub.
This
precludes
phosphorylation by the mitotic kinase of nuclear lamin, a
prerequisite for disassembly of the nuclear membrane. Thus
the nucleus remains intact and DNAse IIβ neither gains entry
to the nucleus nor degrades the DNA.

Ophthalmology, University of Alberta, Edmonton, AB, Canada
Background and aims: Choroideremia (CHM) is an X-linked
degeneration of retina, retinal pigment epithelium and choroid
in humans due to mutations in the gene which encodes Rab
escort-protein-1 (REP-1). REP-1 enables the post-translational
isoprenyl modification of Rab proteins that control intracellular
vesicle formation, movement, docking and fusion. Our aims
were to determine the effect of REP-1 depletion on vesicular
trafficking in phagocytic and secretory pathways of human
retinal pigment epithelium (RPE) cells in culture and to confirm
these results in patient peripheral tissues.
Methods: In vitro REP-1 expression was inhibited in human
fetal RPE (hfRPE) cells by siRNA knockdown and its effects
were then measured by the: 1) uptake of photoreceptor outer
segments (POS), 2) proteolysis of POS rhodopsin, 3) change
in phagosomal pH, 4) fusion of early and late
endosomes/lysosomes with the phagosome and 5) polarized
secretion of cytokines. Select experiments were replicated in
REP-1 depleted human adult RPE cells in culture.
Skin fibroblasts and monocytes (CD14+) were obtained from
13 CHM patients with loss-of-function mutations in the CHM
gene and 9 age-matched controls. Intracellular transport,
lysosomal acidification and proteolytic degradation were
studied in the monocytes with pHrodo™ conjugated E. coli and
in fibroblasts with collagen coated FluoSpheres and
fluorescent DQ™ ovalbumin.
Results: Depletion of REP-1 in human fetal and adult RPE
cells did not affect POS internalization; however, phagosomal
acidification was reduced and POS protein clearance was
delayed. REP-1 depletion in hfRPE cells also caused 1) a
decrease in the association of POS-containing phagosomes
with late endosomal markers (Rab7, LAMP-1), and 2) an
increase in the secretion of monocyte chemotactic protein
(MCP-1) and interleukin (IL)-8. Lysosomal pH was increased
in monocytes and fibroblasts of CHM patients and rates of
proteolytic degradation were slowed compared to controls,
matching the defects seen in fetal and adult RPE.
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PROTECTION OF HUMAN RPE BY Α - CRYSTALLIN
DERIVED PEPTIDE CHAPERONES OCCURS THROUGH
THEIR CELLULAR UPTAKE MEDIATED BY
OLIGOPEPTIDE TRANSPORTERS
R. Kannan1, P.G. Sreekumar1, N. Kannan2, K.K. Sharma3, P.
Chothe4, V. Ganapathy4, D.R. Hinton1,2
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Conclusion: Lack of REP-1 expression in RPE cells leads to
(1) reduced degradation of POS due to the inhibition of
phagosome-lysosome fusion events, and

Background and aims: Recent work from our laboratory
provided evidence that the small heat shock proteins αA and
αB crystallins have antioxidative properties in addition to their
chaperone function. Further, specific 19-20 amino acid
sequences of αA and αB crystallins exhibit the chaperone
function of full length crystallins. We sought to determine
whether these crystallin derived peptides are antiapoptotic and
to elucidate the mechanism of uptake and protection of RPE.

(2) increased constitutive secretion of MCP-1 and IL-8.
These observations may explain the accumulation of
unprocessed POS within the phagolysosomes of RPE cells
and the presence of inflammatory cells in the choroid of CHM
patients. Skin fibroblasts and monocytes from CHM patients
exhibit similar defects with increased pH levels of lysosomes
and reduced rates of proteolytic degradation which may allow
these cells to be used as alternative models to study the
effects of mutations in REP-1.

Methods: 19-20mer peptides of αA and αB crystallins
possessing
chaperone
function
were
synthesized
commercially (Neopeptide, MA). Oxidative stress was induced
by tBH or H2O2 in human fetal RPE cells and effect of cotreatment with αA and αB crystallin-derived mini-chaperones
or scrambled peptides on apoptosis (TUNEL, Caspase 3
activation) was determined. The cellular uptake of FITClabeled mini-αA and mini-αB and scrambled mini-chaperones
in the presence or absence of oxidative stress was studied.
Whether the mini-chaperones are substrates for recently
identified oligopeptide transporters - SOPT1 and SOPT2 was
also investigated by functional studies.
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INTACT K6 ON UBIQUITIN IS REQUIRED TO REGULATE
PROLIFERATION AND DIFFERENTIATION INCLUDING
HIJACKING MITOSIS TO DUMP A NUCLEUS
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E. Vaghefi1, B. Pontre2, P. Hunter1, M. Jacobs1, P. Donaldson3
Results: RPE cells exposed to tBH or H2O2 in the presence
of either αA and αB mini-chaperones remained viable with
marked inhibition of oxidant-induced cell death and caspase 3
activation. Uptake of labeled αA and αB crystallin minichaperones increased with stress and was associated with
translocation to the nucleus. The crystallin mini-chaperones
are transported into human RPE cells via the oligopeptide
transporters with high affinity (IC50, ~1 uM). Cellular uptake
was confirmed by FITC labeled peptide entry into cells which
was inhibited by unlabeled αB crystallin peptide and by
DADLE, a synthetic peptide substrate for the transporters.
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Aims: Circulating current flows in the lens are proposed to
drive fluid fluxes that convect nutrients into the lens faster than
in would occur by passive diffusion alone. To test this
circulation model, we have utilized a high-field magnetic
resonance imaging (MRI) and a variety of MRI modalities to
visualize ionic and fluid fluxes.
Methods: Fresh bovine lenses incubated in artificial aqueous
humor (AAH) were imaged using 3D diffusion tensor imaging
(DTI) to visualize the preferred direction of water diffusion in
lens. To further study fluid fluxes, lenses were incubated in the
presence or absence of deuterium oxide (D2O) and imaged
using proton density MRI. To investigate ion fluxes in the lens,
gadolinium (Gd) contrast agents of varying molecular weight
were used in conjunction with T1-weighted MRI sequences to
monitor the time course of reagent penetration into the lens.

Conclusions: α-crystallin peptide chaperones offer protection
to RPE cells from oxidative injury through their intracellular
actions. The entry of these peptides into RPE cells is mediated
by the recently identified oligopeptide transporters.
Support: NIH Grants EY02062, EY03040 & Grants from RPB
& the Arnold & Mabel Beckman Foundation.

Lens Cell Communication

Results: In the core of the lens water diffusion was isotropic
while in the outer cortex it was highly anisotropic and generally
followed the primary structure of fiber cells. At the poles and
the equator however, the major direction of water diffusion was
orthogonal to fiber cell geometry, suggesting that in these
areas water movement maybe mediated by secondary
structural elements such as the sutures at the poles, and gap
junctions and/or water channels at the equator. In absence of
D2O, higher proton density signals where obtained from the
cortex relative to the core indicating a water gradient exists in
the lens. In the presence of D2O, a preferential entry of water
at the poles was initially observed that was followed by a
secondary movement of water towards the equator. Both the
water gradient and the polar influx of D2O were abolished by
incubating lenses in high K+ solutions to eliminate the
circulation system. Gadolinium in both ionic (Gd3+) and
chelated (Gd-DTPA, M.W. = 590Da) forms rapidly penetrated
the first ~15% of the equatorial radius of the lens creating an
outer ring of high contrast. A secondary elevation of signal was
detected in the lens core but only for ionic Gd3+. This signal
intensity increased over time and expanded out, towards the
outer contrast ring but never merged with it.
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CX43 AND CX50 HAVE DIFFERENT PERMEABILITY TO
THE SECOND MESSENGER CYCLIC AMP
T. White, G. Mese, L. Valiuniene, P. Brink, V. Valiunas
Physiology, Stony Brook University, Stony Brook, NY, USA
Background and aims: Knockout of Cx50 reduced the
number of epithelial cells undergoing mitosis and resulted in
smaller lenses, despite the persistence of Cx43 coupling
between these cells. Gap junction channels exhibit connexin
dependent biophysical properties, including selective
intercellular passage of larger solutes, such as second
messengers, which could in turn influence events like cell
division.
Methods: We determined the cAMP permeability through
channels composed of Cx43 or Cx50 using simultaneous
measurements of junctional conductance and intercellular
transfer of cAMP. For cAMP detection the recipient cells were
transfected with a reporter gene, the cyclic nucleotidemodulated channel from sea urchin sperm (SpIH). cAMP was
introduced via patch pipette into the cell of the pair that did not
express SpIH. SpIH-derived currents were recorded from the
other cell of a pair that expressed SpIH.

Conclusion: Utilizing a variety of MRI modalities we have
visualized fluid and ion fluxes in different regions of the lens
that are consistent with the operation of a microcirculation
system.
This work was supported by the Marsden fund of New Zealand

Results: cAMP diffusion through Cx43 gap junction channels
to the neighboring SpIH-transfected cell resulted in a five to
sixfold increase in SpIH current over time, and cAMP transfer
was observed for homotypic Cx43 channels over a wide range
of junctional conductance. In contrast, homotypic Cx50
channels exhibited significantly reduced cAMP permeability in
comparison to Cx43, suggesting that these channels have
distinctly different selectivity for negatively charged larger
solutes involved in metabolic/biochemical coupling.
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REGULATION OF GAP JUNCTION FUNCTION IN LENS
CELLS BY GROWTH FACTOR SIGNALING
L. Musil, B. Boswell
Biochemistry, Oregon Health & Sciences University, Portland,
OR, USA

Conclusions: These data suggest that Cx43 permeability to
cAMP results in a rapid delivery of cAMP from cell to cell in
sufficient quantity to trigger relevant intracellular responses.
The data also suggest that the reduced cAMP permeability of
Cx50 may play a role in regulating mitosis in the lens
epithelium. [Supported by NIH grant EY13163]

Background and aims: In all species examined, gap junctionmediated intercellular communication (GJIC) is higher at the
equator of the lens that at either pole, an asymmetry believed
to be required for lens homeostasis. We have reported that
gap junction-mediated intercellular dye coupling in primary
cultures of embryonic chick lens epithelial cells (DCDMLs) is
greatly increased by FGF at levels at which it diffuses out of
intact vitreous bodies and would have access to cells at the
lens equator. Removing FGF from medium conditioned by
intact vitreous bodies eliminates its ability to enhance GJIC,
consistent with a key role for FGF in regulating gap junction
function in vivo. We have since shown that the ability of FGF
to upregulate GJIC is dependent on signaling from BMPs
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UTILIZATION OF MAGNETIC RESONANCE IMAGING
MODALITIES TO VISUALIZE THE LENS
MICROCIRCULATION SYSTEM
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produced by the lens cells themselves, establishing a role for
BMP/FGF cross-talk in regulating GJIC unprecedented in any
organ. Other studies showed that the ability of FGF to
enhance GJIC is abolished if DCDMLs are exposed to FGF in
the presence of TGFb despite the fact that the cells remained
healthy and in cell-cell contact. Upregulation of GJIC in FGF +
TGFb -treated cells was restored by inhibitors of p38 kinase.
The goal of this study was to use DCDMLs to investigate
possible mechanisms by which BMP and TGFb exert their
effects on FGF-induced GJIC.

Hydrostatic pressure in Cx46+/- lenses was 620 mmHg at the
center, or about 2-tmes higher than that in WT. When the
transmembrane electrochemical gradient for Na+ was
eliminated, the circulation of Na+ ceased, and the hydrostatic
pressure went to zero.

Methods: GJIC were measured using the scrape-load dye
transfer assay. Activation of canonical BMP gene expression
was assessed by transiently transfecting DCDMLs with the
well-characterized BRE-Luc (BMP response elementluciferase) reporter construct (Korchynskyi and ten Dijke,
2002).

Supported by NIH grants EY06391 and EY13163.

Conclusions: The above data suggest that: fluid circulates
through the lens, the intracellular leg of fluid circulation is
through fiber cell gap junction channels, and the fluid flow is
driven by the circulation of sodium.
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THE ROLES OF EPHRIN/EPH SIGNALING IN THE
CROSSTALK BETWEEN LENS EPITHELIAL CELLS AND
UNDERLYING FIBERS

Results: As expected, expression of BRE-Luc in DCDMLs
was dramatically and rapidly increased by BMP4, but not by
phorbol ester or fetal calf serum. Unlike in other cell types,
BRE-Luc was also induced by FGF. Similar to upregulation of
GJIC, expression of BRE-Luc in response to FGF required
concentrations of FGF > 1 ng/ml for > 12 h, sustained
activation of ERK kinase, and FGF receptor activity. It also
required that endogenously expressed BMPs bind to, and
activate, BMP receptors. Upregulation of BRE-Luc by FGF
was blocked by TGFb in a p38-dependent process.

X. Gong, C. Cheng
Vision Science Program and School of Optometry, University
of California, Berkeley, CA, USA
The lens is comprised of a monolayer of epithelial cells that
cover the anterior hemisphere of bulk elongated fibers.
Besides intercellular gap junction channels, it remains largely
unknown what other cell surface signaling molecules are
involved in the communication between the lens epithelium
and underlying fiber cells. We have investigated the potential
roles of ephrin/Eph bidirectional signaling molecules in cell-tocell crosstalk during lens development. By using ephrin-A5
and EphA2 knockout mice, we have found that both ephrin-A5
and EphA2 are important for maintaining normal lens epithelial
cells. Histological data showed disintegration of central
epithelial cells at the anterior suture and selectively
disorganized underlying fiber cells in ephrin-A5(-/-) lenses.
Three-dimensional confocal images of GFP-positive lens
epithelial cells of ephrin-A5(-/-) mice revealed that some of the
central epithelial cells were mislocalized in the lens suture
where the ends of opposing elongating fiber cells meet. In
contrast, EphA2(-/-) epithelial cells became enlarged, rounded
or shrunken and without a typical apical interface between
epithelium and underlying fiber cells. EphA2(-/-) epithelial cell
density reduced to about 60% of wild-type control at postnatal
day 21 (P21) while EphA2(-/-) epithelial cell density was
normal at P7. Thus, EphA2 signaling is essential for the
survival of lens epithelial cells as mice age. Immunostaining
data showed that ephrin-A5 was located at lens epithelial cells
while EphA2 receptor was predominantly expressed in the
fiber cells, and ephrin-A5 and EphA2 signals did not appear to
be fully co-localized at apical interface. Thus, ephrin-A5
probably binds to a different Eph receptor to regulate the
properties of central epithelial cells in addition to its role at the
apical interface. Underlying fiber cells probably utilized EphA2mediated fiber-to-epithelial cell signaling for lifelong survival of
epithelial cells. Our data suggest that ephrin-A5 and EphA2
are crucial members of the signaling network that regulate the
crosstalk between epithelial and fiber cells. Therefore, agerelated cortical cataracts associated with ephrin-A5 and EphA2
mutations may be initiated by diverse mechanisms, including
the disruption of central epithelium monolayer, epithelial cell
death or disorganization of differentiating fibers, which
eventually lead to lens opacities. [Supported by grants
EY013849 (XG) from the National Eye Institute.]

Conclusion: The findings suggest that FGF potentiates the
ability of endogenous BMP to mediate canonical BMP gene
expression. We propose that a downstream effect of this
pathway is upregulation of GJIC. TGFb interferes with this
process, in part by inhibiting BMP signaling.
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THE LENS GENERATES A CIRCULATION OF FLUID THAT
IS CONDUCTED FROM CELL TO CELL BY GAP
JUNCTIONS
R. Mathias, P. Brink, L. Moore, T. White, X. Sun, J. Gao
Physiology & Biophysics, SUNY at Stony Brook, Stony Brook,
NY, USA
Purpose: There are many stratified epithelia that transport
fluid, but there are no data on whether the gap junctions
coupling the layers conduct the fluid. In a recent review article,
we modeled fluid flow through gap junction channels coupling
the pigmented and nonpigmented layers of the ciliary body.
The conclusion was that the channels could indeed carry near
isotonic fluid, but flow would be driven by hydrostatic pressure
rather than osmosis. The pressure required to drive fluid
through a single layer of gap junctions might be just a few
mmHg and difficult to measure. In the lens, intracellular fluid
flow from central fibers to the surface crosses hundreds of
layers of gap junctions and should require a large hydrostatic
gradient. We therefore measured hydrostatic pressure as a
function of distance from the center of the lens.
Methods: An intracellular microelectrode based pressure
sensing system was constructed to measure hydrostatic
pressures in the lens.
Results: In wild type (WT) mouse lenses, the pressure varied
from 328 mmHg at the center to zero at the surface. In Cx46
for Cx50 knock in (KI) lenses, mature fiber cell coupling
conductance (GMF) is about 2-times higher than that of WT.
Hydrostatic pressure in KI lenses was 188 mmHg at the
center, or about 2-times lower than that in WT. In GPX
knockout (KO) lenses, GMF was about 2-times lower than that
of WT. Hydrostatic pressure in KO lenses was 500 mmHg at
the center, or nearly 2-times higher than that in WT. In Cx46+/KO lenses, GMF was about 2-times lower than that of WT.
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NEW LESSONS FROM MOUSE MUTANTS FOR EYE AND
LENS DEVELOPMENT: THE ROLE OF BMPR1B, FGF9,
FGF10 AND GJF1
J. Graw1, O. Puk1, S. Wagner2, H. Fuchs2, M. Hrabé de
Angelis2
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synapses. C1q upregulation has been detected in retinas of
murine, primate and human glaucomatous eyes. Complement
activation in glaucoma resembles that seen in Alzheimer's
disease, in that the normal developmental mechanism of
complement-mediated
synapse
elimination
becomes
aberrantly reactivated in adult CNS in neurodegenerative
disease. Reactive astrocytes resemble immature astrocytes,
inducing C1q expression. Therefore, C1q in adult
glaucomatous retinas tags retinal synapses for elimination at
early stages and may drive dendritic atrophy and axon
degeneration in glaucoma. Prior studies have shown that that
the cytokine TNF-alpha and its membrane-bound receptors
TNFR1 and TNFR2 may contribute to the pathophysiology of
glaucoma. In a laser mouse glaucoma model, rapid
upregulation of TNF-alpha, microglial activation, loss of optic
nerve oligodendrocytes, and delayed loss of RGCs were
noted, and intravitreal TNF-alpha injections produced similar
effects. TNFR2 knockout mice with experimental glaucoma
showed minimal evidence of developing glaucoma compared
to similarly treated wild-type mice. We have confirmed this
finding using the Morrison mouse glaucoma model of limbal
injection of hypertonic saline, showing nearly complete
neuroprotection of optic nerve axons from chronic ocular
hypertension in double TNFR1/TNFR2 knockout mice.
Interactions of T-lymphocytes and receptors of the TNF
superfamily have also been implicated in immune-related RGC
death. We investigated the role of lymphocytes in glaucoma
using immune deficient Rag1 knockout mouse which lack
mature B- and T-lymphocytes. In the Morrison mouse
glaucoma model, Rag1 knockout with resulting deletion of
mature B- and T-lymphocytes provided robust neuroprotection
when compared to wild-type controls. We have also
determined that macrophages are recruited from the
circulation during experimental glaucoma in mice. Bone
marrow chimeric mice were created by bone marrow
transplantation from GFP-positive transgenic mice into wild
type C57 mice. In eyes with elevated IOP, robust infiltration of
GFP-positive macrophages was observed within the inner
plexiform layer and NFL, confirming their recruitment from the
circulation. The participation of astrocytes, macrophages and
lymphocytes is not only important but perhaps required for
RGC death in glaucoma. These findings will continue to drive
experiments to determine the role of neuroinflammation in
glaucoma, and to develop novel neuroprotective therapies.

Background: Phenotype-driven screening of mouse
mutations induced by ethylnitrosourea (ENU) leads to the
discovery of clinically relevant phenotypes.
Methods: Offspring of ENU-treated male mice are screened
by various techniques for eye and lens abnormalities.
Confirmed mutations were characterized by positional cloning.
Results: The recessive mouse mutant Ali30 was
characterized by a shortened axial length and alterations of
the optic nerve head; the mutation analysis revealed a pointmutation in intron 10 of the Bmpr1b gene (encoding the bone
morphogenic protein receptor 1b) leading to alternative splice
products. In contrast to a dominant-negative allele of the
Bmpr1b, the lenses of the Ali30 mutants remain fully
transparent and regular in size and shape.
The dominant mouse mutant Aey17 was characterized by a
small-eye phenotype; in contrast to the classical Pax6
mutants, Aey17 mutants are fully viable as homozygotes.
Mutation analysis revealed a point mutation in the penultimate
base of the first intron of Fgf10 causing aberrant splicing with
an additional 49 bp in exon 2, to a frame shift and a premature
stop codon after 54 new amino acids. The histological analysis
of the major ocular tissues (cornea, lens, retina) did not reveal
major alterations as compared to the wild type, but the size of
the Harderian gland was remarkably reduced in
heterozygotes. The slit-eye phenotype is caused by irritation of
the dry eye.
The dominant mouse mutant Aca12 is characterized by a
smaller lens; the molecular analysis identified a missense
mutation in the Fgf9 gene affecting the heparin binding region
of the Fgf9 protein. The Aca12 mutation represents a
hypomorphic allele. The reduced thickness of the Aca12
lenses suggests a novel function of Fgf9 in regulation of lens
fiber development. The reduction of lens size is a result of lens
growth retardation starting prenatally and continuing after birth.
Fgf9Y162C lenses remain transparent at early stages but
develop polar cataracts at the age of one year.
The dominant small-eye mutant Aey12 is characterized by
impaired primary lens fiber cell elongation. Mutation analysis
revealed a point mutation in the Gjf1 gene encoding a
connexin-like protein. The gene is expressed in the posterior
part of the lens vesicle, where the primary fiber elongation
starts. The mutation alters the expression pattern of Pax6,
Prox1, Six3 and Crygd.
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NOVEL APPROACHES TO NEUROTROPHIC ACTIVATION
Y. Hu1, S. Cho2, J. Goldberg1
1

Conclusions: Fgf10 and Bmpr1b have no influence on lens
development, but we demonstrated the importance of Gjf1 on
primary and of Fgf9 on secondary lens fiber growth.

Bascom Palmer Eye Institute, University of Miami, Miami, FL,
Neuroscience Discovery Research, Wyeth Research,
Princeton, NJ, USA
2

Background and aims: Optic neuropathies lead to retinal
ganglion cell (RGC) death; finding neuroprotective treatments
remains a significant clinical motivation. Recently, new
tropomyosin-related kinase B (TrkB) monoclonal antibodies
that
activate
TrkB
receptors
have
demonstrated
neuroprotective and neurotrophic effects. Here we examined
the ability of one such antibody, 29D7, to elicit RGC survival
and neurite growth in vitro and in vivo.

Neuroprotection
O278
NEUROINFLAMMATION IN GLAUCOMA
S. McKinnon1, L. Kasmala2, A. Dixon2, F.-L. Silver2

Methods: RGCs from postnatal day (P) 3-4 Sprague-Dawley
rats were isolated by sequential immunopanning using a
monoclonal antibody to Thy1, and cultured in serum-free
defined medium. Cell survival was measured at 1-3 days by
MTT assays. Activation of TrkB and known downstream
signaling molecules was assayed by Western blot. Intravitreal
injection of 29D7 was performed after optic nerve axotomy,
and subsequent RGC viability was measured with ß-III tubulin
immunostaining. Regeneration was quantified using retrograde
flurogold tracing using an optic nerve-peripheral nerve (PN)
graft model.

1

Ophthalmology and Neurobiology, 2Ophthalmology, Duke
University Medical Center, Durham, NC, USA
Classically, inflammation has not been implicated in glaucoma.
However, recent studies involving complement, TNF receptors
and immune cells such as lymphocytes and macrophages
have shown that immunobiology may be critically important in
RGC death in glaucoma. During development, C1q, the first
element in the classic complement activation pathway,
regulates synapse elimination and localizes to developing
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Results: Anti-TrkB 29D7 antibody strongly promoted RGC
survival and neurite growth in vitro compared with medium
alone or control IgG, similar to brain-derived neurotrophic
factor (BDNF). Forskolin only slightly enahnced RGC survival
on its own, but strongly potentiated the effect of 29D7. In vivo,
intravitreal 29D7 inreased RGC survival but not regeneration
at 2 weeks after optic nerve injury.

STRUCTURAL AND FUNCTIONAL NEUROPROTECTION IN
GLAUCOMA: ROLE OF GALANTAMINE-MEDIATED
ACTIVATION OF MUSCARINIC ACETYLCHOLINE
RECEPTORS
M. Almasieh1, Y. Zhou1, M.E. Kelly2, C. Casanova3, A. Di
Polo1

Conclusions: Taken together, these findings demonstrate
that antibody-mediated TrkB agonism is a potential therapeutic
approach for RGCs. These reagents may also allow for further
investigation of neurotrophic signaling pathways, with the goal
of enhancing survival and axon growth after optic nerve injury
or in degenerative diseases like glaucoma or ischemic optic
neuropathy.

1

Pathology and Cell Biology, University of Montreal, Montreal,
QC, 2Pharmacology, Dalhousie University, Halifax, NS,
3
Optometry, University of Montreal, Montreal, QC, Canada
Background
and
aims:
Galantamine
is
an
acetylcholinesterase inhibitor and allosteric ligand of nicotinic
ACh receptors (AChR) that is used clinically for the treatment
of Alzheimer's disease. We examined whether galantamine
provides structural and functional neuroprotection of retinal
ganglion cells (RGCs) after optic nerve damage, and
addressed the molecular mechanisms underlying galantaminemediated neuroprotection.
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ARE ENDOGENOUS NEUROPROTECTIVE PATHWAYS
TRANSCRIPTIONALLY CHANGED IN RETINAL GANGLION
CELLS IN GLAUCOMA?
1

1

1

Methods: Optic nerve damage was induced by ocular
hypertension (OHT), after injection of hypertonic saline into an
episcleral vein (Morrison model), or by axotomy. Galantamine
was administered daily by intraperitoneal injection. RGC
neuroprotection was assessed by: i) quantification of
retrogradely labeled RGCs, ii) axon counts obtained from optic
nerve semi-thin sections, and iii) visual evoked potentials
(VEP) measured from the superior colliculus. The role of
AChR was established using selective antagonists for nicotinic
AChR or muscarinic AChR.

1
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Ophthalmology, Massachusetts Eye & Ear Infirmary/Harvard
Medical School, 2Neurology, Massachusetts General
Hospital/Harvard Medical School, Boston, MA, USA
Aims: Elevated intraocular pressure (IOP) is an important risk
factor in glaucoma. Using microarray analysis of retinal
ganglion cells (RGC) isolated by laser capture microdissection
(LCM), we studied gene expression changes in glaucomatous
rat RGC to elucidate altered transcriptional pathways.

Results: Our data demonstrate that galantamine promotes
structural and functional RGC protection following chronic
(experimental glaucoma) or acute (axotomy) optic nerve injury.
Quantitative analysis confirmed that galantamine led to a
striking increase in RGC survival (~90%, n=11) at 3 weeks
after OHT surgery compared to vehicle (55%, n=9). Although
neuronal damage was more severe at 5 weeks after OHT
surgery, galantamine protected ~70% of RGC soma (n=10)
compared to only 37% with PBS (n=9) (ANOVA, p < 0.001).
Importantly, functional deficits caused by high IOP were
markedly improved by galantamine. Quantification of peak-topeak VEP amplitudes showed that galantamine preserved
66% of the intact VEP response compared to only 30% in
controls. Pharmacological block of either nAChR or mAChR
indicated that galantamine-mediated neuroprotection occurred
through activation of retinal muscarinic AChR types M1 and
M4, while nicotinic AChR were not involved.

Methods: Fluorogold was used to back-label RGC. IOP
elevation was produced by unilateral injection of 2 M
hypertonic sodium choride into episcleral veins (Morrison
model). Using laser capture microdissection (LCM), an equal
number of RGC were captured from normal and glaucoma
retinal sections. RNA was extracted and amplified, labeled and
hybridized to Affymetrix rat genome 230.2 arrays. Microarray
data analysis was performed using dChip. After selected
microarray data were confirmed by RT-qPCR and
immunohistochemistry, biological pathway analyses were
performed using Ingenuity Pathway Analysis and Gene Set
Enrichment Analysis.
Results: Significant changes were found in the expression of
905 genes, with 575 genes decreasing increasing and 330
genes in glaucomatous RGC. Multiple cellular pathways were
involved. Ingenuity pathway analysis demonstrated significant
changes in cardiac ß-adrenergic signaling, interferon signaling,
glutamate receptor signaling, cAMPmediated signaling,
chemokine signaling, 14-3-3-mediated signaling and G-protein
coupled receptor signaling. Gene set enrichment analysis
showed that the genes involved in apoptotic pathways were
enriched in glaucomatous RGC. The prosurvival gene Stat3
was upregulated in response to elevated IOP and
immunohistochemistry
confirmed
that
Stat3
and
phosphorylated-Stat3 levels were increased in RGC in
experimental glaucoma. In addition, gene expression of a
number of prosurvival genes normally expressed in RGC was
decreased.

Conclusions: Our study supports the therapeutic potential of
galantamine in glaucoma and reveals mAChR as a potential
clinical target for this neurodegenerative disease.
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NEUROPROTECTION AGAINST SUPEROXIDE ANION
RADICAL BY METALLOCORROLES IN CELLULAR AND
MURINE MODELS OF OPTIC NEUROPATHY
L. Levin1,2, A. Kanamori1, M.-M. Catrinescu1, A. Mahammed3,
Z. Gross3
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Montreal, Montreal, QC, Canada, 2University of Wisconsin,
Madison, WI, USA, 3Schulich Faculty of Chemistry, Technion Israel Institute of Technology, Haifa, Israel

Conclusions: There are extensive changes in gene
expression in glaucomatous RGC involving multiple molecular
pathways including pro-death and pro-survival genes. We
hypothesize that the alteration in the balance between prodeath and pro-survival genes contributes to RGC death in
glaucoma.

Corroles are tetrapyrrolic macrocycles that have come under
increased attention because of their unique capabilities for
oxidation catalysis, reduction catalysis, and biomedical
applications. Corrole-metal complexes (metallocorroles) can
decompose certain reactive oxygen species (ROS), similar to
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Background and aims: Heterozygous Pax6+/- mice provide a
good model for human aniridia and show equivalent
progressive corneal deterioration. It is widely assumed that
this deterioration is largely due to a deficiency of limbal stem
cells (LSCs) at the corneal periphery but this has not been
demonstrated experimentally. There are no definitive markers
for identifying LSCs so we have used indirect methods to
investigate whether Pax6 genotype or age affects LSC
function.

metalloporphyrins. We investigated whether Fe-, Mn- and Gacorroles have neuroprotective effects on neurons and
correlated this with superoxide scavenging activity in vitro and
in vivo. Apoptosis was induced in RGC-5 neuronal precursor
cells by serum deprivation. Cell death was measured with XTT
and calcein-AM/propidium iodide assays. Fe- and Mn-corroles,
but not the non redox-active Ga-corrole used as control,
reduced RGC-5 cell death after serum deprivation. Serum
deprivation caused increased levels of intracellular superoxide,
detected by an increase in the fluorescence intensity of 2hydroxyethidium, and this was blocked by Fe- and Mncorroles, but not Ga-corrole. In vivo real-time confocal imaging
of retinas after optic nerve transection assessed the
superoxide production within individual rat retinal ganglion
cells. Fe- and Mn-corroles but not Ga-corrole scavenged
neuronal superoxide in vivo. Given that the neuroprotective
activity of metallocorroles correlated with superoxide
scavenging activity, Fe- and Mn-corroles could be candidate
drugs for delaying neuronal death after axonal injury in optic
neuropathies such as glaucoma.

Methods: We analysed the radial stripes in the corneal
epithelia of mouse chimeras, X-inactivation mosaics and Krt5LacZ transgenic mosaics to compare different groups of mice
and predict differences in stem cell activity. We then used
BrdU label-retaining cell experiments to identify putative LSCs
and test these predictions.
Results: Quantitative analysis of corneal epithelial stripes in
chimeras and X-inactivation mosaics showed that, after
correction for differences in mosaic composition, stripe
numbers declined with age and that both Pax6+/- heterozygotes
(low Pax6 levels) and 'PAX77' mice (high Pax6 levels) had
fewer, broader stripes than wild-type controls. The corrected
stripe number is related to the number of active clones of
LSCs maintaining the corneal epithelium so our results
predicted that the number of active LSC clones (1) declined
with age, (2) was reduced in Pax6+/- mice and (3) was reduced
in 'PAX77' mice. Analysis of stripe numbers in Krt5-LacZ
transgenic mosaics was also consistent with an age-related
decline in active LSCs. To evaluate the first two predictions we
compared BrdU label-retaining cell numbers in Pax6+/- and
wild-type mice at 15 and 30 weeks. Label-retaining cells were
present in the cornea as well as the limbus in Pax6+/- eyes.
However, in the limbus, there were no significant differences in
the number of label-retaining cells either between ages or
genotypes.
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NEUROPROTECTION - CAN WE USE THE RETINA TO
LOOK AT THE BRAIN?
M.F. Cordeiro1,2
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There is increasing evidence of a commonality in retinal and
CNS neurodegeneration, and various neuroprotective
approaches that have been used in the treatment of diseases
such as Alzheimer's (AD), have been shown capable of
reducing the death of retinal ganglion cells (RGCs) - the
hallmark of glaucomatous optic neuropathy. In fact, the only
non-IOP lowering treatment that has been in clinical trials in
glaucoma to date is the AD neuroprotective drug, memantine.
However, the glutamate story is only one aspect explaining
neuronal death, and it could be that a combination of
strategies representing different anti-apoptotic mechanisms is
what is ultimately needed. The retina provides a unique
opportunity to measure effects on primary injured neurons.
Perhaps the greatest changes that we have encountered
recently are in the field of imaging technologies, which have
only relatively recently been applied to the eye. Advances in
this area have allowed unprecedented in vivo access to the
retinal layers, using many different properties of light to
differentiate cellular structures. Over the next few years,
developments in therapy & diagnostic methodologies, based
on imaging, offer great potential in neuroprotection - of the eye
& the brain.

Conclusions: The distribution of label-retaining cells is
consistent with two possibilities:
(1) stem cells are confined to the limbus in wild-type mice but
are also present in Pax6+/- corneas or
(2) the label-retaining cells in Pax6+/- corneas are differentiated
cells that are not desquamated from the corneal surface (e.g.
ingrowing blood vessels or fully differentiated epithelial cells
retained in the epithelium) rather than stem cells.
The absence of an effect of age or Pax6 genotype on the
numbers of label-retaining cells in the limbus may mean the
predictions of the mosaic analysis are wrong or may reflect
differences in cell turnover. Different approaches to investigate
LSC function are therefore required.
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Limbal Epithelial Stem Cells: The Inner
Workings and the Niche Support

STEM CELL ACTIVITY IN THE DEVELOPING HUMAN
CORNEA
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EFFECTS OF AGE AND PAX6 DOSAGE ON MOUSE
LIMBAL STEM CELL FUNCTION
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Background and aims: Corneal dysfunction due to disease
or trauma is the second most common cause of blindness with
over 1-million new cases each year. Vision may be restored
via transplantation of corneal tissue and/or corneal stem cells
(SCs). With current estimates at approximately 100,000
corneal transplants performed world-wide each year, there is a
chronic shortage of donor corneal tissue. Therefore, new
techniques to repair and regenerate the cornea and restore

Reproductive & Developmental Sciences, University of
Edinburgh, 2Medical and Developmental Genetics Section,
MRC Human Genetics Unit, Edinburgh, 3School of Medical
Sciences, University of Aberdeen, Aberdeen, 4Clinical
Biochemistry Section, Centre for Reproductive Biology,
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vision are desperately needed to alleviate the burden of
corneal disease. The major goal of this study was to localize
SCs in the developing human cornea and to devise an efficient
isolation strategy for these cells, to assist in refining innovative
technique for transplanting adult corneal SC in patients with
limbal SC deficiency.

Ophthalmology, Mount Sinai School of Medicine, New York,
NY, USA
The limbal epithelial stem cells are the ultimate source for
central corneal epithelium renewal. Their absence leads to
visual loss. Transplants of cultured limbal epithelial cells have
been developed as a way to reestablished a permanent stem
cell complement; full understanding of these stem cells could
greatly improve development of optimal growth and transplant
procedures for corneal regeneration. Using Hoechst dye
transport function, we isolated small cohorts of cells displaying
stem cell features from the limbal epithelium and the
embryologically related conjunctival epithelium. These cells
are referred as side population stem cells (SPSCs; JCS,
118:1715). Comparative microarray studies established that
the totally of genes that show differential expression (DE; overor under-expressed) in the SPSCs of both limbus and
conjunctiva (IOVS 50:4162 and 50:5630). Between 15 to 20%
of the expressed genes in these epithelia were DE in the
SPSCs and more than 60% of the DE genes were the same
for both lineages. Most of these genes can be linked to known
or expected features of epithelial stem cells and/or are known
to be involved in stem cell fate (i.e., replication vs.
differentiation) in the limbus or elsewhere. SPSCs maintain a
strong complement of genes involved in protection against
oxidative damage, consistent with endowment for survival in
adverse conditions. Marked overexpression of p27/KIP1 and
p57/KIP2 and DUSP5 and 6 restrict baseline and mitogeninduced G1-to-S cell cycle transition, respectively, supporting
the slow cycling phenotype of the limbal SC, while similar
overexpression of MXD genes restrict the activity of MYC, an
activator of a proliferation of the normally quiescent SC that
foster loss of the SC component when overly active.
Consistent with these findings, DAVID analysis identified
multiple over-represented gene categories (i.e., ontologies)
associated with low metabolic and/or biosynthetic state.
Finally, the DE SPSCs gene set included a number of cell
fate/cell control genes that have been shown to foster SC
preservation in the limbus or elsewhere (e.g., HES1, ID1).
Base on experimental evidence a subset of these genes can
be organized in a hierarchical cause and effect chain (?..⇒
MEIS1 ⇒PAX6 ⇒[ HES1× ID1] ⇒ slow cycling and inhibition of
precursor cell differentiation). In summary, microarray analysis
of ocular surface SPSCs yielded genes and models that allow
formulation of testeable hypothesis regarding the gene
controlling stem cells fate. This information is critical to
develop improved methodologies for in vitro stem cell
expansion and in vivo stem cell survival.

Methods: To characterize SC development, human fetal
corneas from 8.5-to 22-weeks'-gestation (n=173), neonatal
(n=2), and adult (n=10) specimens were assessed histological
and immunohistochemical to determine embryological
changes and distribution and expression of developmental and
SC-related genes. Fresh fetal corneas were explanted to
expand corneal progenitors and cell phenotype and functional
activity determined with appropriate assays.
Results: A novel ''ridge-like'' structure was identified,
circumscribing the peripheral fetal cornea, which we
hypothesize represents the rudimentary SC niche.
Immunohistochemistry disclosed ''stem-like'' cells across the
corneal epithelium early in development, which became
restricted to this ridge with increasing gestational age. Pure
long-term cultures of fetal corneal progenitors were
established for the first time, which displayed phenotypic and
functional feature similar to those of their adult counterparts.
Conclusions: This study expands our knowledge of limbal
SCs and their niche in development and opens new avenues
for investigation. Optimization of culture techniques and
purification of this SC population will allow for further
investigations of their proliferative ability and potential for
clinical applications.
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CHARACTERIZATION OF KEY COMPONENTS IN THE
LIMBAL STEM CELL NICHE
S. Shimmura
Ophthalmology, Keio University School of Medicine, Tokyo,
Japan
The stem cell niche is a secluded environment in adult tissue
that maintains stem cells in a relatively isolated state. The
corneal limbus is unique as a stem cell niche in that it is
located at the body surface in contact with the atmosphere and
exposed to ambient ultraviolet radiation. We have previously
reported the abundance of melanocytes in the basal limbal
epithelium that provide melanin granules to surrounding limbal
epithelial cells. The pigment granules protect the underlying
cells from toxic light form the atmosphere. We have also found
that the limbal epithelial progenitor marker, ABCG2, functions
to protect cells from oxidative stress induced by toxins and
hypoxia. Unlike differentiated corneal epithelial cells, clusters
of basal limbal epithelial cells express N-cadherin (N-cad)
instead of E-cadherin. N-cad is a cadherin expressed in neural
and mesenchymal cells. The basal limbal epithelial cells also
express other mesenchymal markers such as vimentin, and
have a tendency to undergo mesenchymal transition during
disease. The mesenchymal shift with less rigid cell-cell
junction in limbal basal cells may help maintain stem cells in
an isolated state. Components of the limbal epithelial stem cell
niche coordinate to protect limbal stem cells against oxidative
stress and stress signals from surrounding cells.
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HES1 REGULATES CORNEAL DEVELOPMENT AND THE
FUNCTION OF CORNEAL EPITHELIAL
STEM/PROGENITOR CELLS
T. Nakamura1,2, S. Kinoshita2
1

Research Center for Inflammation and Regenerative
Medicine, Doshisha University, 2Ophthalmology, Kyoto
Prefectural University of Medicine, Kyoto, Japan
Hes1, a major target gene in Notch signaling, regulates the
fate and differentiation of various cell types in many
developmental systems. To gain novel insight into the role of
Hes1 in corneal development and morphogenesis, we
performed gain-of-function and loss-of-function studies. We
show that corneal development was severely disturbed in
Hes1-null mice. Hes1-null corneas manifested abnormal
junctional specialization, cell differentiation, and less cell
proliferation ability. Noteworthy, Hes1 is mainly expressed in
the corneal epithelial stem/progenitor cells and is not detected
in the differentiated corneal epithelial cells. Expression of Hes1
is closely linked with corneal epithelial stem/progenitor cell
proliferation activity in vivo. Moreover, forced Hes1 expression
inhibits the differentiation of corneal epithelial stem/progenitor
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MICROARRAY STUDIES OF LIMBAL STEM CELLS YIELD
GENE INFORMATION CRITICAL TO FOSTER STEM CELL
PRESERVATION AND EXPANSION
J.M. Wolosin, M.A.M. Akinci
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cells and maintains these cells' undifferentiated state. Our data
provides the first evidence that Hes1 regulates corneal
development and the homeostatic function of corneal epithelial
stem/progenitor cells.

EMERGING ROLES FOR IONOTROPIC GLUTAMATE
RECEPTORS IN THE VERTEBRATE RETINA
D. Bowie

O289
Pharmacology & Therpaeutics, McGill University, Montreal,
QC, Canada

DUSP5 AND 6 EXPRESSION CONTROL PROLIFERATION
RATES IN LIMBAL-CORNEAL EPITHELIAL CELLS;
IMPLICATIONS FOR THE SLOW CYCLING PHENOTYPE
OF STEM CELLS

Ionotropic glutamate receptors (iGluRs) are the predominant
excitatory neurotransmitter receptor in the developing and
mature CNS including the vertebrate retina. Over the last
decade, different subfamilies of iGluRs have been shown to
fulfill different functional roles in the retina from driving
experience-dependent morphological refinement in developing
circuits to their direct involvement in the profound cell loss
associated with glaucoma. In this presentation, I will provide a
brief overview of the myriad of functions assigned to iGluRs in
the vertebrate retina; a special emphasis will be placed on
highlighting recent work that has broadened our appreciation
of their pivotal position in vision neuroscience.

P. Reinach1, Z. Wang1, J.M. Wolosin2
1

Biological Sciences, School of Optometry, 2Ophthalmology,
Mount Sinai School of Medicine, New York, NY, USA
Microarray studies of limbal and conjunctival side population
stem cells (SPSCs) yielded prominent gene differential
expressions (IOVS 50:4162 and 50:5630). One remarkable
component of the differential pattern was a strong
overexpression of several dual specificity phosphatases
(DUSPs), the enzymes that dephosphorylate (= deactivate)
MAPKs. Deactivation of these kinases can be predicted to
diminish proliferation, migration and/or innate immune
response, thereby conferring to SCs their known quiescent
features. To confirm this hypothesis we have now studied the
impact of the most overexpressed, DUSP1 (dephosphorylates
all ERK, p38 and JNK MAPKs), DUSP5 and DUSP6
(selectively deactivates ERKs) in human limbal-corneal
epithelial cells, primay and immortalized. Cell expressing
shRNAs against DUSP1, DUSP5 and JNK1 expression, or
overexpressing DUSP5 or 6, respectively, were generated
using commercial lentivectors that cause co expression of
GFP or s stainable tag and puromycin resistance (pGIPz,
pLEX or pLOC; Open Biosystems). Transduced cells were
selected with 15 mM puromycin until all cells were GFP +/Tag+.
Immunoblots were used to determine totals protein levels or
degrees of phosphorylation. EGF proliferation responses were
determined by 3 [H]-thymidine uptake. In control cells, EGF
elicited within the first 10 min a > 10-fold increase in the
phosphorylation of all MAPKs. This was followed by a return to
near pre-EGF levels during the subsequent 15-120 min. This
decrease coincided with dramatic increases in the levels of
DUSP1 and DUSP5 protein. In DUSP1 shRNA (DUSP1i) cells,
the phosphatases increase was abolished and all three MAPK
types maintained a high phosphorylation level for at least 2 hr;
with DUSP5 shRNA a large, sustained phosphorylation
occurred exclusively in ERK. Proliferation measurements
showed that, whereas in DUSP1i the response to EGF was no
statistically different than control, in DUSP5i cells there was a
3-fold response increase. Surprisingly, a similar augmentation
of EGF response was observed in the JNK1i cells. In the
DUSP overexpressing cells, baseline proliferation at steady
state in full medium was substantially reduced, EGF added
after starvation failed to elicit any substantialERK
phosphorylation or proliferative response. In summary, the
results show that DUSP5 and 6 selectively control
proliferation. The lack of effect of DUSP1 inhibition on
proliferation can be attributed to its pan-MAPK nature: positive
effects of its removal on proliferation due enhanced ERK
activation may be nullified by the antiproliferative effect
simultaneously unleashes by JNK overactivation. DUSP
manipulation may provide ways to activate the normally
quiescent stem cell for increased growth in culture.
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CA2+-PERMEABLE AMPA RECEPTORS TRIGGER
ISOLATED DENDRITIC MICROCIRCUITS IN A17
AMACRINE CELLS
W. Grimes, A. Chavez, J. Diamond
NINDS, NIH, Bethesda, MD, USA
In most neurons, synaptic inputs impinge upon small
processes within a complex dendritic arbor and combine with
each other as they propagate through the dendrites toward the
soma and the axon hillock, where they trigger patterns of
action potentials that are conducted down the axon. The way
in which a neuron integrates individual synaptic inputs
depends on the morphological structure of its dendritic arbor
and the complement and distribution of active conductances
within its dendritic membrane.
Retinal amacrine cells mediate feedforward and feedback
inhibition that shapes the spatial and temporal characteristics
of visual signals. Amacrine cells receive excitatory synaptic
input from bipolar cells and make inhibitory synapses onto
bipolar cell terminals, ganglion cell dendrites, or other
amacrine cell processes. Most amacrine cells lack distinct
axonal processes and excitatory inputs and inhibitory outputs
often occur within the same dendritic arbor; the integrative
transformation of input to output in most amacrine cells is
poorly understood.
A17 amacrine cells make immediately reciprocal, GABAergic
feedback synapses onto rod bipolar cell synaptic terminals.
We have combined whole-cell electrophysiology, calcium
imaging and electron microscopy to examine the structure and
function of these reciprocal synapses in rat retina. In acute
retinal slices, we find that Ca2+ influx through AMPAR
receptors triggers GABA release within small synaptic
varicosities along A17 dendrites, enabling local feedback
signaling to occur in the absence of membrane depolarization.
Moreover, A17s exhibit morphological and biophysical
properties that discourage interactions between synapses and
integration within the dendritic arbor. Thin (150 nm diameter),
non-branching dendrites exhibit multiple Kv conductances and
a small Nav conductance, thereby minimizing electrotonic
spread and limiting active propagation of synaptic signals and
activation of dendritic Cav channels. Together, these
mechanisms enable a single A17 to sustain many independent
feedback microcircuits,

Ionotropic Glutamate Receptors in the
Retina
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a form of parallel processing that may preserve sensitivity of
the retinal network to weak dim light stimulation.
O294
O292

D-SERINE´S ROLE IN RETINAL FUNCTION
R. Miller

GLUTAMATE SPILLOVER MODULATES SPONTANEOUS
ACTIVITY IN THE DEVELOPING RETINA

Neuroscience, University of Minnesota, Minneapolis, MN, USA

A.G. Blankenship1, M.B. Feller1,2

Glutamate serves as the major excitatory neurotransmitter in
the retina, brain and spinal cord. In the inner retina, glutamate
released from bipolar cells activates both ionotropic and
metabotropic receptors, which provides a diverse set of
functions through multiple modes of action. The major
ionotropic glutamate receptors found among the amacrine and
ganglion cells, include AMPA and NMDA receptors, so named
for the agonists that selectively define them. NMDA receptors
are unique, in that channel gating requires simultaneous
binding of glutamate to the NR2 subunit and coagonist
occupation at a site on the NR1 subunit. When this coagonist
site was first discovered, glycine was the sole candidate. But
in recent years, D-serine has displaced glycine as the most
likely and most common coagonist. Indeed studies in the intact
retina suggest that D-serine is the primary coagonist for lightevoked activation of NMDARs. While it is unclear if glycine
contributes as a cogaonist, it is certain that glycine regulation
in the retina is critical for establishing the level of coagonist
site occupancy: blocking the GlyT1 glycine transporter leads to
a saturation of the coagonist site and animals deficient in
GlyT1 show a higher level of NMDAR coagonist occupancy.

1

Department of Molecular and Cell Biology, UC Berkeley,
2
Helen Wills Neuroscience Institute, University of California,
Berkeley, CA, USA
Early in development, prior to the onset of vision, the retina is
spontaneously active. This spontaneous activity, called “retinal
waves”, is critical for the normal development of retinal
projections to primary targets in the brain. Retinal waves
initiate spontaneously and propagate laterally across the
retina, a very different pattern of activation than is observed
during vision. We sought to identify what features of the
developing retina's circuits mediate this distinctive behavior. In
the few days prior to eye opening in mice, retinal waves are
thought to be mediated by bipolar cells because they are
blocked by a combination of AMPA/Kainate and NMDA
receptor antagonists, and because they are absent in mice
lacking vesicular glutamate transporter type 1 (VGLUT1), the
sole VGLUT in bipolar cells. However, bipolar cells are not
known to be interconnected, so how are depolarizations in
neighboring bipolar cells correlated? We explored several
hypotheses regarding how activity in neighboring bipolar cells
is correlated, including the possibilities that bipolar cells
communicate via glutamate spillover or via gap junction
coupling. Using a combination of calcium imaging, whole-cell
and outside-out patch clamp recordings from acutely isolated
retinas we found that glutamate spillover strongly modulates
wave initiation frequency and propagation speed.

Although the enzyme that synthesizes D-serine from L-serine
(serine racemase) is primarily found in the glial cells of the
retina, evidence for a neuronal distribution of the enzyme has
also been reported. Presumably then, D-serine synthesis and
release could come from a neuronal or glial cell compartment.
Our studies of D-serine release were based on measurements
of extracellular levels of D-serine, using capillary
electrophoresis as a method for enantiomer separation and
detection. With this approach, we have demonstrated an
AMPAR-dependent D-serine release mechanism, which is
blocked by applying a gliotoxin to the bathing medium. In
contrast to glycine, which is regulated by high-affinity
transporters, the D-serine uptake pathway in the retina is
through a low affinity, Na-dependent ASCT2 type amino acid
transporter.

Acknowledgements: Support contributed by NIH grants
RO1EY013528 (M.B.F.), F31NS058167 (A.G.B.) and NSF
grant IOS-0818983 (M.B.F.). We thank Juliette Johnson,
Rebecca P. Seal, Robert H. Edwards, David R. Copenhagen,
Stephan Maxeiner and Klaus Willecke for providing knockout
mice.
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Recent studies in retinal slices have suggested that the
release of the NMDAR coagonist is under light regulated
control, raising the possibility for a dynamic modulation of
NMDARs through the coagonist binding sites. The possibility
for dynamic regulation was studied with contrast experiments,
which support the idea that contrast gain, measured at the
ganglion cell level, is under regulatory control through lightevoked release of the NMDAR coagonist. These observations
are discussed in relationship to the functions of NMDARs.

EXCITOTOXIC DEATH OF RETINAL NEURONS IN VIVO
OCCURS VIA A NON-CELL-AUTONOMOUS MECHANISM
A. Di Polo
Pathology and Cell Biology, University of Montreal, Montreal,
QC, Canada
The central hypothesis of excitotoxicity is that excessive
stimulation of neuronal N-Methyl-D-Aspartate (NMDA)sensitive glutamate receptors is harmful to neurons and
contributes to a variety of neurological disorders. Glial cells
have been proposed to participate in excitotoxic neuronal loss,
but their precise role is poorly defined. In this in vivo study, we
show that NMDA induces profound nuclear factor kappa B
(NF-κB) activation in Müller glia but not in retinal neurons.
Intriguingly, NMDA-induced death of retinal neurons is
effectively blocked by inhibitors of NF-κB activity. We
demonstrate that tumor necrosis factor alpha (TNFa) protein
produced in Müller glial cells via an NMDA-induced NF-κB
dependent pathway plays a crucial role in excitotoxic loss of
retinal neurons. This cell loss occurs mainly through a TNFadependent increase in Ca2+-permeable AMPA receptors on
susceptible neurons. Thus, our data reveal a novel non-cellautonomous mechanism by which glial cells can profoundly
exacerbate neuronal death following excitotoxic injury.

Retinal Inflammation and AMD 1
O295
HEPARAN SULFATE MODULATION OF THE
ALTERNATIVE COMPLEMENT PATHWAY IN AGERELATED MACULAR DEGENERATION (AMD)
C. Bowes Rickman
Ophthalmology and Cell Biology, Duke University Medical
Center, Durham, NC, USA
Purpose: To test the hypothesis that heparan sulfate
regulates factor H activity in vitro and in Bruch's membrane.
Methods: Factor H was isolated from plasma of individuals

104

carrying combinations of two of the non-synonymous coding
variants most strongly associated with AMD risk, V62/H402
(both risk variants), I62/Y402 (both non-risk variants), and
V62/Y402. These proteins were used in two functional assays
(cell surface- and fluid phase-based) measuring cofactor
activity of factor H in the factor I-mediated cleavage of C3b.
The effect of heparan sulfate (HS) in the rate of C3b cleavage
by factors H and I in these assays was measured using
purified HS or HS in human Bruch's membrane/choroid
punches.

diseases. Deposition of these structures may lead to local
toxicity of the retinal pigmented epithelium or induction of local
inflammatory events that contribute to drusen biogenesis and
the pathogenesis of AMD.
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HUMAN RETINAL PIGMENT EPITHELIAL CELLS
SECRETE INFLAMMATORY CYTOKINES AFTER OXIDANT
INJURY OR STIMULATION WITH DRUSEN COMPONENTS
IN VITRO

Results: Heparan sulfate significantly increased the rate of
C3c release in a cell surface and in a fluid-phase functional
assay of the factor H- and I-mediated proteolytic cleavage of
C3b. The rate of C3b cleavage is accelerated in the presence
of human Bruch's membrane/choroid punches and this effect
was lost after treatment of the tissue with heparinase III
implying that heparan sulfate proteoglycans in the tissue
influence this reaction. Factor H can bind to human Bruch's
membrane/choroid and it is functional, however, neither this
binding nor its functionality is dependent on the factor H
variant used.

S.S. Prasad1, G. Walker2, T. Lin2, K. Kurji3, J.Z. Cui2, J.A.
Matsubara2
1

Biologics and Genetic Therapies, Health Canada, Ottawa,
ON, 2Ophthalmology and Visual Sciences, University of British
Columbia, Vancouver, BC, 3College of Medicine, University of
Saskatchewan, Winnipeg, SK, Canada
Background and aims: Drusen are hallmark extracellular
deposits associated with the dry form of age related macular
degeneration (AMD). Our earlier studies showed that in vitro
stimulation of human retinal pigment epithelial cells (hRPE)
with components of drusen (advanced glycation end products
(AGEs) or amyloid beta (Aβ)), result in gene expression
changes associated with inflammatory and immune response
pathways as identified by microarray analyses. Cytokines
secreted by hRPE in response to drusen components may
induce local retinal inflammation, an important factor in the
pathogenesis of AMD. Given that oxidative stress is also a risk
factors for AMD, we sought to identify the key cytokines
secreted by hRPE after oxidant injury due to hydroquinone
(HQ) stimulation and compare the results with those obtained
from studies in which hRPE were stimulated with drusen
components, AGEs and Aβ.

Conclusions: Factor H is a major risk factor for AMD and
heparan sulfate is a major constituent of the extracellular
matrix of Bruch's membrane, the primary site of sub-retinal
pigment epithelium deposit accumulation in AMD. These
findings support the possibility that heparan sulfate
proteoglycans interact with complement components and is
one of the key molecular switches that turn normal Bruch's
membrane aging into AMD pathology.
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AGE RELATED MACULAR DEGENERATION: AN AMYLOID
HYPOTHESIS

Methods: We used xMAP technology and a panel of
antibodies against 27 cytokines and 3 growth factors to detect
their secreted levels in culture medium after 24 hr stimulation
with Aβ (0.3 µg/ml), AGE (10µg/ml) or HQ (75uM).
Experiments were repeated three times, significance set at p<
0.05 and fold change set at >1.5 fold. Standard curves were
generated and absolute values of secreted cytokines were
reported using a high sensitivity assay with accuracy across a
range of 1 to 10,000 pg/ml.

J. Chen, M. Isas, V. Luibl, R. Langen
University of Southern California, Los Angeles, CA, USA
Background: Drusen are a hallmark of eyes affected with
age-related macular degeneration. These extracellular ocular
deposits share protein and lipid compositions with plaques
associated
with
Alzheimer
disease
and
other
neurodegenerative diseases that are broadly classified as
amyloid diseases. Historically, amyloid diseases are classified
based on the presence of amyloid fibrils which are 6 to 15 nm
in diameter, of varied length, and often twisted when viewed
under EM. Drusen have not been characterized as an amyloid
deposit because amyloid fibrils have not been seen in drusen.
We have undertaken a study to investigate the presence of
amyloid structures in drusen.

Results: AGE stimulation resulted in the upregulation of 12
genes and downregulation of 5 genes that reached
significance. The highest levels of fold changes were observed
for IL2, IL17, FGFb, PDGFbb. Aβ stimulation resulted in the
significant secretion of 5 genes. Two of the 5 were angiogenic
factors,
bFGF
and
VEGF. The others
included
proinflammatory cytokines, IL17 and IL9, and an antiinflammatory cytokine, IL1ra. HQ stimulation resulted in 5
upregulated genes that reached significance. VEGF was 5 fold
higher in supernatant of HQ stimulated RPE cells compared to
controls. Secreted levels of interleukins IL12, IL10, IL13 and
CXCL12 were also higher after HQ stimulation.

Methods: Sections from human donor eyes were reacted with
M204, a monoclonal antibody that recognizes nonfibrillar
oligomers; OC, a polyclonal antibody that recognizes amyloid
fibrils of varying molecular weight, and WO1 and WO2, which
are monoclonal antibodies that are specifically reactive to
mature amyloid fibrils. Electron microscopy was used as an
independent means to investigate the presence of amyloid
fibrils in drusen.

Conclusions: AGE, Aβ and HQ stimulation results in a pattern
of secreted cytokines and growth factors that are both
proinflammatory and proangiogenic in hRPE in vitro. Drusen
components, AGE and Aβ, promote inflammatory cytokine
secretion while HQ stimulation provokes potent secretion of
VEGF. Future studies are needed to determine RPE cytokine
expression in animal models and in human AMD, and whether
suppression of RPE cytokine secretion can mininimize AMD
disease features in vivo.

Results: The presence of nonfibrillar oligomers was verified
using the M204 antibody. OC and WO antibodies stained a
wide spectrum of vesicular structures. OC reactivity showed
extensive overlap with Ab immunoreactivity, while partial
overlap was seen between Ab reactivity and that of the WO
antibodies. The presence of amyloid fibrils was also revealed
by electron microscopy.
Conclusions: These data reveal the presence of a wide
spectrum of amyloid structures in drusen. These results are
significant given that specific conformational forms of amyloid
are known to be pathogenic in a variety of neurodegenerative
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Although, neovascular age related macular degeneration
(AMD) patient accounts for 80-90% of severe loss of vision,
they only represent 15% of the AMD population. Majority of the
AMD patient suffers from dry form of the disease. The recent
advance in the treatment of neovascular AMD especially the
breakthrough of anti-VEGF therapy has helped many of these
patient and offers hope for improve vision. However, effective
treatment for dry AMD is still very limited. Besides the AREDS,
which is NIH sponsored, multicenter randomized clinical trail
showing oral supplement of multivitamins and antioxidants can
slow down the progression of advanced AMD including those
with geographic atrophy, there has been very limited evidencebased treatment for dry AMD. There were many treatment
attempts such as rheophoresis, and laser treatment of drusen,
which failed to show clinical benefit when they were
scrutinized, or reviewed in a proper clinical trial.

HOW DOES THE RETINAL PIGMENTED EPITHELIUM
(RPE) RESPOND TO CIGARETTE SMOKE?
J. Handa1, M. Cano1, N. Kondo1, K. Ebrahimi1, S. Biswal2
1

Wimer Eye Institute, Johns Hopkins School of Medicine,
Environmental Health Sciences, Bloomberg School of Public
Health, Johns Hopkins University, Baltimore, MD, USA
2

Background and aims: Cigarette smoking is the strongest
epidemiological link with Age-related macular degeneration
(AMD), yet we don't fully understand how it participates in the
development of this disease. Oxidative stress is hypothesized
to be a contributing factor to RPE dysfunction in AMD. Gi ven
that Cigarette smoke (CS) contains 1015 free radicals in each
puff of smoke, we have hypothesized that CS will induce
oxidative damage to the RPE if there is an inadequate
response. We previously showed that mice exposed to CS
develop phenotypic features of AMD including RPE cell injury.
The transcription factor Nrf2 binds to the antioxidant response
element (ARE), and activates many cytoprotective enzymes.
Previous work in lung cells has shown that acute cigarette
smoke exposure induces Nrf2 while chronic exposure impairs
Nrf2 signaling. Our long term hypothesis is that chronic
cigarette smoke exposure impairs the Nrf2 signaling response
so that oxidative damage contributes to RPE cell injury and
apoptosis during AMD. The purpose of this work was to
determine how the RPE responds to acute cigarette smoke
exposure and if the Nrf2 signaling system is involved.

This presentation will review the current and future
management of dry AMD from the clinician perspective.

Dry Eye and Tear Film
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PROTECTIVE ROLE OF APICAL GALECTIN-3 IN THE
OCULAR SURFACE GLYCOCALYX
P. Argueso
Schepens Eye Research Institute, Harvard Medical School,
Boston, MA, USA

Methods: ARPE-19 cells were exposed to cigarette smoke
extract (CSE) for 24 hours. Oxidative stress was determined
by CM-H2DCFDA fluorescence assay. Nrf2 nuclear
translocation was determined by Western blot analysis of
nuclear protein, and transcriptional profiling was identified by
microarray analysis (Affymetrix Exon 1.0 GeneChip).

Drying diseases of the ocular surface are common and
frequently characterized by inflammatory responses and
dysfunction of the mucosal barrier lining the apical surface of
the epithelium. Cell surface-associated mucins, a group of
highly glycosylated glycoproteins produced by mucosal
surfaces, contribute to form this protective barrier by extending
up to 500 nm above the plasma membrane of epithelial cells.
Using the surface of the eye as a model system, we recently
found that galectins, a family of ß-galactoside-binding proteins,
participate in the stabilization of mucosal barriers by
interacting with carbohydrates on the cell surface glycocalyx.
In these experiments, galectin-3 colocalized with two
membrane-associated mucins, MUC1 and MUC16, on the
apical surface of epithelial cells. Both MUC1 and MUC16
eluted from galectin-3 affinity columns after competitive
inhibition with ß-lactose, indicating that the cell surface mucins
are counter-receptors for galectin-3 through their galactose
residues. In functional assays, downregulation of mucin Oglycosylation using a stable tetracycline-inducible RNA
interfering system to knockdown c1galt1 (T-synthase), as well
as incubation of corneal epithelial cells with ß-lactose, resulted
in reduced cell surface galectin-3, and increased permeability
to the rose bengal diagnostic dye. Moreover, an increased
number of epithelial defects were detected in corneas of
galectin-3-/- mice as compared to wild-type animals.
Preliminary in vitro results also suggest that barrier function in
corneal epithelial cells can be transiently disrupted using
competitive inhibitors of galectin binding, therefore constituting
a new approach to enhance ocular penetration of topical
drugs. In summary, these results indicate that cell surface
mucins are counter-receptors for galectin-3 and that the
complex of mucins and galectins contributes to form the
mucosal ocular surface barrier.

Results: ARPE-19 cells exposed to 100-250 mcg/ml of CSE
for 24 hours showed no decrease in viability (MTT assay). A
significant increase (20%) in CM-H2DCFDA fluorescence was
detected in cells exposed to CSE, which was similar to cells
exposed to H2O2. This exposure resulted in nuclear
translocation of Nrf2, as detected by Western blot analysis of
nuclear protein. Microarray analysis (n=3 arrays for each dose)
showed 112 upregulated and 51 downregulated genes at both
100 and 250 mcg/ml doses. The functional categories of
upregulated genes include antioxidant response (15), lipid
metabolism (10), protein processing (21), and small molecule
transport (11). Downregulated genes that are relevant to AMD
include TIMP3 and PEDF.
Conclusions: RPE cells respond to the cigarette smoke
extract with a robust antioxidant and cytoprotective response
after acute exposure. Part of this response appears to be
mediated through Nrf2 signaling. Future experiments will
address whether the Nrf2 response becomes inadequate after
chronic cigarette smoke exposure.
Acknowledgement: Supported by NIH EY01994 (JTH),
Thome Foundation Grant (JTH), Unrestricted grant from
Research to Prevent Blindness.
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EFFECTS OF AIR POLLUTION ON THE OCULAR
SURFACE
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Laboratorio de Investigaciones Oculares, Universidad de
Buenos Aires, Buenos Aires, Argentina

general transport functions when the transcytosis of dIgA was
impaired by loss of the pIgR.

Eye redness, itching, irritation and burning are symptoms that
often motivate the habitants of megacities to come to the
ophthalmologist. Although our ocular surface is in contact with
the environment, ophthalmologists do not consider air pollution
as a cause of symptoms in these patients.

Methods: Tissue sections of lacrimal glands from male pIgR
knockout (KO) and control (C57BL/6) mice aged 6 and 12
weeks were analyzed using standard histology and electron
microscopy techniques. Interstitial cells from lacrimal glands
were isolated and characterized by flow cytometry using
appropriate mouse immune cell markers. Tear fluid antibody
profiles were characterized by Western blotting and signals
normalized to protein content.

Our group has shown a correlation between goblet cell
hyperplasia and individual exposure to NO2 (Novaes et al.,
2007). We have recently shown the relationship between air
pollution and eye symptoms such as eye irritation and
impaired clinical tests ophthalmologists (Novaes et al, 2010).

Results: H&E staining of lacrimal gland sections revealed
immune cell infiltration of pIgR mouse lacrimal gland relative to
the C57BL/6 parent strain. Initial quantitative analysis,
counting small (< 10 lymphocytes) and large (< 50
lymphocytes) foci per gland revealed that the number of foci
per gland were increased in the pIgR KO mice. Small foci were
detected at 2.9±2.6 in pIgR KO mouse lacrimal glands
compared to 0.25± 0.5 in C57BL/6 mouse lacrimal glands, and
large foci were detected at 0.4±0.5 in pIgR KO mouse lacrimal
glands compared to 0.25±0.5 in C57BL/6 mouse lacrimal
glands. Analysis of the interstitial cells in pIgR KO and
C57BL/6 mouse lacrimal glands by flow cytometry revealed
primarily increased immature and mature B cells and plasma
cells in the glands from the pIgR KO mice relative to levels in
C57BL/6 mouse lacrimal glands, although thymocytes and Thelper cells were also increased. Antibody content of tears
(IgA, IgM and IgG) from pIgR KO mice was markedly
increased relative to controls. Analysis of membrane
compartment organization by electron microscopy revealed
remarkable increased formation of large apparent protein-filled
vacuoles and distension of endoplasmic reticulum in the pIgR
KO mouse LG.

In the metropolitan area of Sao Paulo (MASP), Brazil and
Buenos Aires (MABA), Argentina to live more than 20 million
and over 14 million people, respectively, possess high levels
of pollution. In contrast, in Patagonia and the Amazon, there
are huge tracts of land with very low levels of air pollution.
In rural areas of Argentina and Brazil, biomass burning is
common in the work of farmers.
These contrasting incidents in both countries are an excellent
opportunity to assess the effects chronic high exposure
(MASP and MABA) and high acute exposure (rural areas of
Argentina and Brazil) and to compare the results with those
found in areas with very low contamination air (Patagonia
Argentina and the Amazon in Brazil).
Here we show the effects of acute and chronic air pollution on
human ocular surface:
1) the correlation between levels of environmental pollution
with goblet cell hyperplasia in human conjunctiva for 7 years in
the MABA,

Conclusions: Knockout of pIgR in the lacrimal gland caused
major changes in membrane trafficking pathways including
accumulation of excess protein in abnormal distended
compartments. These changes were accompanied by immune
cell infiltration and an adaptive change in lacrimal gland
transport mechanisms enabling non-dIgA antibody secretion
into tears by an alternative mechanism, possibly in response
to signals provided by the infiltrating cells.

2) ocular and laboratory test MABA residents, Ushuaia and
National Park rangers ¨Los Glaciares¨ in Patagonia,
3) the effects of chronic high exposure on the conjunctiva of
BALB / c.
4) clinical and histological changes of the ocular surface due to
biomass burning in workers involved in the sugar cane burning
in a rural area of Sao Paulo,
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5) Effect of an acute episode of burning grasslands in April
2008 in a rural area near the MABA,

NATURAL HISTORIES OF TWO FUNDAMENTALLY
DIFFERENT DACRYOADENITIDES
A.K. Mircheff

6) in vitro effects of environmental pollutants on cells of normal
human conjunctiva (IOBA-NHC).

Physiology & Biophysics, Keck School of Medicine, University
of Southern California, Los Angeles, CA, USA
Dry eye associated with lacrimal gland dysfunction is typically
classified according to whether it is or is not the ocular
manifestation of the multisystemic autoimmune disease,
Sjögren's syndrome. Most dry eye patients appear to be
affected by a chronic, low grade inflammatory process distinct
from Sjögren's dacryoadenitis. Intriguing new clues into the
early natural histories of both processes are suggested by
empirical findings from four groups of rabbits that had been
raised in a natural, out of doors environment. Rabbits were
virgin, adult, NZ white females and were shipped to University
Vivaria 5 days prior to study. Daily high temperatures (HT) and
low humidities (LH) during the prior 30 d were obtained from
the website of the local newspaper. Abundances of 35 immune
response-related gene transcripts and of GAPDH mRNA were
determined by real time RT-PCR. Infiltration by T cells was
assessed by immunohistochemical staining for the rabbit T
lymphocyte antigen (RTLA) . Spearman's analysis was used to
test for correlations, and nonlinear regression analyses were
used to describe relationships, between transcript abundances
and the number of days of greater than average HT/LH ration.
Numbers of RTLA+ cells increased exponentially with
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INSIGHTS INTO LACRIMAL GLAND INTERACTION WITH
THE IMMUNE SYSTEM FROM THE POLYMERIC
IMMUNOGLOBULIN A RECEPTOR KNOCKOUT MOUSE
S. Hamm-Alvarez1, M. Edman1, G. Nagatani1, M. Kothawala1,
K. Schenke-Layland2, C. Okamoto1
1

Pharmacology and Pharmaceutical Sciences, University of
Southern California, Los Angeles, CA, USA, 2Cell and Tissue
Engineering, Fraunhofer IGB, Stuttgart, Germany
Background and aims: The polymeric immunoglobulin A
receptor (pIgR) is responsible for the transcytotic transport of
dimeric IgA (dIgA) into mucosal fluids. The major source of
dIgA in tears is the lacrimal gland. To investigate how the
ability of lacrimal acinar cells to transport dIgA into tears is
related to its normal function, we initiated studies to explore
the changes in the lacrimal gland immune cell milieu and
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increasing adverse days, as did abundances of mRNAs for the
inflammatory chemokines, CCL2 and CCL4; the inflammatory
cytokines, IL-1α, IL-1β, IL2, IL-4, IL-6, APRIL, and BAFF; the
regulatory cytokine, IL-10; caspase-1; and CD8. Transcript
abundances in a group had been exposed to unusually high
temperatures but mild humidities suggested a separate,
additional influence of temperature on the expression of
APRIL, BAFF, and IL-4, which mediate B cell activation and
proliferation; CCL21, which recruits T cells to lymph node
marginal zones, and CXCL13, which recruits B cells to lymph
node germinal centers; and CCL28, CXCL8, IL-18, MMP-9,
and prolactin. The gland from this group that presented with
the highest abundances of these transcripts also presented
with small, periductal/perivenular lymphocyte aggregates
suggestive of incipient ectopic lymphoid tissue, the
characteristic feature of Sjögren's dacryoadenitis. In contrast,
glands from animals exposed to the most adverse days
presented with the most infiltrating T cells appeared
homeostatic. The author conjectures that:

DS in the SCLN. Increased percentage of activated dendritic
cells precedes the elevated frequency of activated
CD4+CD69+ T cells (3 days post-DS) suggesting that dendritic
cells drive T cell activation during experimental dry eye
disease. Adoptive transfer of DS B cells to athymic recipients
did not result in dry eye disease. However, athymic nude
recipients that received DS serum had statistically significant
increases (p< 0.04) in proinflammatory tear cytokine levels (IL1 alpha, IL-1 beta, and TNF-alpha).
Conclusions: These data suggest that dendritic cells play a
role in activation of autoreactive CD4+ Th1 and Th17 cells that
are major contributors to ocular surface inflammation.
Furthermore, soluble components contained within the DS
serum e.g. IgG autoantibodies contribute to disease in the
mouse model of dry eye.
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(a) This immunohomeostasis is maintained by an intrinsic
regulatory mechanism, mediated by IL-10 and effected by
CD8+ regulatory cells.

NEW THERAPIES FOR OCULAR SURFACE DISEASE
B. Yerxa
Inspire, Durham, NC, USA

(b) The exponential relationships between expression of
inflammatory chemokines and cytokines and cumulative
exposure to environmental adverseness entails dynamic
instabilities, whereby additional perturbations may provoke
transitions from the immunohomeostatic state to chronic
inflammatory states.

Ocular surface diseases comprise a large number of
pathological conditions involving the cornea, conjunctiva,
eyelids and the tear film. Some ocular surface diseases such
as allergic or bacterial conjunctivitis and trachoma are well
understood and suitable pharmacological treatments exist for
these diseases. Other conditions such as dry eye disease are
broadly recognized and studied; however, the demand for
pharmacological interventions to treat this condition is not
completely fulfilled and a large number of therapies are being
developed. On the other hand, no suitable pharmacological
treatment is available for a number of ocular surface diseases
that are broadly recognized and highly prevalent such as
blepharitis. Recently, a number of clinical and non-clinical
studies have been conducted to establish the rationale for
treating dry eye with P2Y2 agonists and blepharitis with
azithromycin.
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THE ROLE OF SPECIFIC IMMUNE CELL SUBSETS IN
OCULAR SURFACE INFLAMMATION
M. Stern1, V. Calder2, M. Calonge3, K. Siemasko1, J.
Niederkorn4, S. Pflugfelder5
1

Biological Sciences, Allergan, Inc., Irvine, CA, USA, 2Ocular
Biology and Therapeutics, UCL Institute of Ophthalmology,
London, UK, 3IOBA, University of Valladolid, Valladolid, Spain,
4
Ophthalmology, University of Texas Southwestern-Medical
Center, Dallas, 5Ocular Surface Center, Department of
Ophthalmology, Baylor College of Medicine, Houston, TX,
USA
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ROLE OF STEM CELLS IN LACRIMAL GLAND REPAIR
D. Zoukhri1,2, S. You1, C. Kublin1

Purpose: Lacrimal keratoconjunctivitis results when the
lacrimal functional unit (LFU; conjunctiva, cornea, main and
accessory lacrimal gland, meibomian gland, and innervating
nerves) becomes inflamed. CD4+ Th1 and Th17 cells have
been demonstrated to mediate dry eye disease. In this study,
the contributions of dendritic cells and B cells to disease
pathology were evaluated in a mouse model of dry eye.

1

General Dentistry, Tufts University School of Dental Medicine,
Neuroscience, Tufts University School of Medicine, Boston,
MA, USA
2

Emerging studies from our laboratory demonstrate that murine
lacrimal gland is capable of repair following experimentally
induced injury and that repair involves recruitment/activation of
mesenchymal stem cells (MSCs). In our model, tissue injury is
induced by direct injection of interleukin-1 (IL-1) into the
exorbital lacrimal gland of female BALB/c mice. A single
injection of IL-1 induces a severe, but reversible (6-7 days)
inflammatory response that leads to destruction of lacrimal
gland epithelial cells through apoptosis and autophagy. At the
peak of lacrimal gland repair (2-3 day following injury), there is
increased expression of nestin and vimentin, increased cellular
proliferation, and activation of the transforming growth factor b
(TGFb)/bone morphogenetic protein 7 (BMP7) signaling
pathway. MSCs can be reproducibly isolated and propagated
in vitro from IL-1 injected lacrimal glands, but not saline
injected glands. These cells continue to express nestin,
vimentin, and a-smooth muscle actin in vitro. When cultured in
3D scaffolds, lacrimal gland MSCs assembled into duct- and
acini-like structures. Studies testing the effect of growth factors
on lacrimal gland MSCs in 3D cultures as well as the effect of
various artificial matrices are warranted.

Materials and methods: Donor female C57BL/6 mice were
exposed to desiccating stress (DS) for 5 days to 3 weeks
(subcutaneous scopolamine injections (0.5 mg/0.2 ml) TID,
humidity < 40%, and air flow by fans across wire meshed
screened cages). Superficial cervical lymph node (SCLN) cells
were collected from donor mice for flow cytometry analysis.
After DS exposure, spleen and SCLN CD4+ T cells from mice
were injected IP into syngeneic T-cell deficient athymic
recipients kept under non-stressed conditions. Serum was
collected from control or DS mice. Serum was transferred to T
cell athymic recipients by IP injection. Recipient mice tears
and tissues were collected 3 days after adoptive transfer of
cells or serum IgG. Donor and recipient tears were collected
for detection of inflammatory cytokines using Luminex
technology.
Results: The percentage of SCLN CD11c+ cells (primarily
dendritic cells), and CD11c+ cells bearing antigen presentation
(MHCII+), costimulatory (CD86+), maturation (CD83+) and
trafficking (CCR7+) molecules was increased by 1 day post-
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Scheie Eye Institute, University of Pennsylvania, Philadelphia,
PA, USA

Oxidative Stress

Iron is a potent generator of reactive oxygen species. The
elevated retinal iron levels in AMD retinas suggests that ironinduced oxidative stress may exacerbate retinal degeneration
in this disease. This hypothesis is supported by early onset
macular degeneration in patients with retinal iron overload due
to the hereditary disease aceruloplasminemia, and by retinal
degeneration
with
features
of
AMD
in
ceruloplasmin/hephaestin (DKO) knockout mice. The DKO
mice have age-dependent retinal iron accumulation and
oxidative stress, quantified through measurement of the
oxidized lipid isoprostane F2-alpha. Like AMD retinas, the
DKO retinas have sub-RPE deposits, RPE hypertrophy and
autofluorescence,
subretinal
neovascularization
and
photoreceptor death. Iron accumulation in the retinas of these
mice appears to cause the retinal degeneration, as iron
chelation with deferiprone results in reduced retinal iron levels
and marked protection against the retinal degeneration. Agedependent retinal iron accumulation and retinal degeneration
with features similar to the DKOs is observed in Hepcidin
knockout mice. Hepcidin is an iron regulatory hormone
produced in the retina that appears to regulate retinal iron
homeostasis. In summary, retinal iron overload can cause or
exacerbate degeneration, and iron chelation can be protective.
The retina has local control over iron flux. The ferroxidases
ceruloplasmin and hephaestin, the iron transporter ferroportin,
and the iron regulatory hormone hepcidin play important roles
in retinal iron regulation.
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HOMEOSTATIC SIGNALING AND INFLAMMATORY
RESOLUTION DURING OXIDATIVE STRESS IN THE RPE
CELL
N. Bazan
Neuroscience Center of Excellence and Department of
Ophthalmology, Louisiana State University Health Sciences
Center, New Orleans, LA, USA
Background and Aims: Retinal pigment epithelial (RPE) cell
integrity is necessary for the survival of rod and cone
photoreceptors. Docosahexaenoic acid (DHA), a member of
the essential omega-3 fatty acid family, is a component of
phospholipids in the outer segments of photoreceptors and is
conserved by shedding and phagocytosis through RPE cells.
A dietary supply of omega-3 fatty acids is required for vision.
This polyunsaturated fatty acid is a target of oxidative stress in
pathological conditions, and, if lipid peroxidation ensues,
events leading to cell injury are set in motion. Using liquid
chromatography
(LC)-photodiode
array-electrospray
ionizationtandem MS (MS/MS)-based mediator lipidomic
analysis, the stereochemical characterization and bioactivity of
neuroprotectin D1 (NPD1) was ascertained.
Results: NPD1 is synthesized in the RPE and other cells and
is a potent inhibitor of oxidative stress-induced
proinflammatory gene induction and apoptosis, and
consequently promotes cytoprotection and cell survival. The
bioactivity of signaling activated by PEDF and DHA uncovered
synergistic cytoprotection with concomitant NPD1 synthesis
when cells were challenged with oxidative stress. Also, DHA
and PEDF synergistically modify the expression of Bcl-2 family
members, activating antiapoptotic proteins and decreasing
proapoptotic proteins, and by attenuating caspase 3 activation
during oxidative stress. NPD1-mediated RPE cell survival
signaling regulates phosphorylation status of Bcl-xL (an antiapoptotic protein required for RPE cells survival) at residue
S62, and of phosphatidylinositol 3-kinase (PI3K)/Akt and
mTOR/p70S6-kinase pathways. As a proof of principle study,
we asked if systemically administered NPD1 modifies
pathoangiogenesis in a choroidal neovascularization (CNV)
model. We found that NPD1 (i.p.) potently attenuates laserinduced CNV.
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ROLE OF OXIDATIVE DAMAGE IN THE PATHOGENESIS
OF DIABETIC RETINOPATHY
R. Kowluru
Kresge Eye Institute, Wayne State University, Detroit, MI, USA
Diabetic retinopathy, a slow progressing disease, is one of the
most debilitating microvascular complications of diabetes. The
major determinants for its development are the duration of
diabetes and the sustained hyperglycemia which leads to
disrupted normal cellular metabolism. Although many
metabolic abnormalities are implicated, the exact mechanism
of the development of diabetic retinopathy remains elusive.
Oxidative stress, a cytopathic consequence of imbalance
between production of reactive oxygen species (ROS) and
their removal by antioxidant defense system, is increased in
the retina and its capillary cells in diabetes. Elevated ROS
damage
mitochondrial
macromolecules
and
retinal
mitochondria
become
permeable
and
dysfunctional
accelerating the apoptosis of its capillary cells. Reactive
oxygen species also damage mitochondrial DNA, and this
impairs retinal proteins that are encoded by mitochondrial DNA
resulting in a compromised electron transport system.
Furthermore, increase in mitochondrial superoxide radicals is
postulated as a causal link between elevated glucose and
other major metabolic abnormalities that are considered
important in the development of diabetic retinopathy, including
activation of protein kinase C and formation of advanced
glycation end products.

Conclusions: DHA-derived NPD1 protects against RPE cell
damage mediated by A2E. Also, our results identify
neurotrophins as regulators of NPD1 and of its polarized apical
efflux from RPE cells. The convergence of NPD1-mediated
homeostatic signaling at the pro-inflammatory gene level, Bcl2 proteins, and Akt pathway counteract inflammatory
responses, setting up a repair resolution phase of
inflammation. Taken together, these findings imply NPD1 may
elicit autocrine actions on RPE cells and paracrine bioactivity
in cells located in the proximity of the interphotoreceptor
matrix. DHA-derived NPD1 play a key role in sustaining RPE
cell homeostasis and inducing inflammatory resolution.
(Supported by NIH NEI R01 EY005121, NCRR P20
RR016816, the American Health Assistance Foundation, and
the Foundation Fighting Blindness)

Animal studies have shown that antioxidants that inhibit
diabetes-induced oxidative stress in the retina also have
potential in preventing increased capillary cell apoptosis and
histopathology characteristic of diabetic retinopathy.
Overexpression of the enzyme responsible for scavenging
mitochondrial superoxide radicals (manganese superoxide
dismutase) in mice protects diabetes-induced abnormalities in
the retinal mitochondria and the histopathological changes in
its microvasculature. However, clinical trials with antioxidants
are very limited in numbers, and have produced ambiguous
results. Although antioxidants are being used for other chronic
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IRON INDUCED OXIDATIVE STRESS IN RETINAL
DEGENERATION
J. Dunaief
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diseases, controlled clinical trials are warranted to investigate
the potential beneficial effects of antioxidants in the
development of retinopathy in diabetic patients.

designed to assess the potential therapeutic effects of
additional micronutrients including macular xanthophylls (lutein
and zeaxanthin) and/or long-chain omega-3 fatty acids on the
progression to advanced AMD.
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Although the antioxidant vitamins and zinc in the AREDS
formulations exceed the recommended dietary allowances
(RDA), there currently is no RDA for beta-carotene, lutein, or
zeaxanthin, so the doses and relative ratios of these
micronutrients, which might prove to provide optimal
therapeutic clinical benefits are unknown. The limited
correlation between nutrient supplementation and AMD seen
in prospective and epidemiologic studies may also be due to a
lack of knowledge about the actual therapeutic concentration
of these antioxidants in the blood that is required to achieve a
biological effect.

METABOLIC MAPPING OF PHOTORECEPTOR
DEGENERATION
F. Vazquez-Chona, W.D. Ferrell, B. Jones, R. Marc
Ophthalmology, University of Utah, Salt Lake City, UT, USA
Purpose: Photoreceptors exist in an oxidatively challenging
environment and are potentially vulnerable to metabolic and
energetic imbalances. Yet an in depth profiling of
photoreceptor metabolism during degeneration remains
incomplete. The goals of this study are to

Recently our laboratory has been identifying and
characterizing potential molecular biomarkers for OS in the
human RPE, and utilizing these biomarkers to determine
whether there are optimal protective doses of micronutrients
that can be targeted for delivery to improve the efficacy of
multivitamin formulation therapy in the treatment of AMD. We
have shown that AP-1 transcription factor family genes
demonstrate quantitative upregulation of expression in
response to OS. These OS-specific responses were either
dose-dependent or threshold in nature and show that different
levels of OS can regulate the expression of specific AP-1
transcription factors quantitatively in the human RPE in vitro.
This dose-dependent response to increasing levels of OS
appears to provide a mechanism by which the strength of the
extracellular signal is transduced by the RPE cell through
quantitative regulation of the AP-1 transcription proteins and
their downstream targets. Using this assay, we have identified
optimal in vitro concentrations of specific AREDS formulation
micronutrients. We propose that this in vitro biomarker assay
for OS can be used to detect and quantify the biological
responses of the RPE to therapeutic antioxidant interventions.
Such an assay may permit us to make informed, predictive
choices for future AREDS-type clinical trials formulations,
dosing, and novel candidate therapeutics based upon
reproducible molecular biomarker responses.

(a) relate the classic sequelae of photoreceptor degeneration
to small molecular metabolic signals and
(b) define metabolic states that define survival or cell-death
pathways in photoreceptors.
Methods: The light-induced retinal damage (LIRD) model in
albino mice builds on decades of prior biochemical, genetic,
molecular and pharmacological work. LIRD also ensures an
adult onset, coherent timing of photoreceptor stress, built in
controls in dorsal retina and retinal degeneration and
remodeling similar to that observed in age-related macular
degeneration. Comparing metabolic states with specific
cellular transformations is possible through the integration of
high resolution, N-dimensional metabolic profiling (termed
Computational Molecular Phenotyping, CMP) with electron
microscopy, classic photoreceptor proteome profiling, as well
as assays for proliferation and cell death.
Results: We found that classic features of photoreceptor
degeneration including rhodopsin mislocalization, membrane
blebbing, and nuclear fragmentation correlated with specific
metabolic profiles. An early metabolic anomaly was the
redistribution of presumed mitochondrial metabolites revealed
by cytoplasmic glutamate and aspartate spikes. Late stage
apoptotic events of nuclear fragmentation correlated with
depletion of glutamate and aspartate in photoreceptors.

O312
CHARACTERIZATION OF DJ-1 EXPRESSION AND
FUNCTION IN RETINAS

Conclusions: Current research aims to discover how changes
in glutamate and aspartate distribution contribute to metabolic
dysfunction. CMP is an ideal platform to integrate various
levels of cell regulation (metabolism, energetics and
proteomics) with high spatial resolution and quantitative
analyses. Thus, CMP is paving the way toward a unified
explanation of how oxidative stress imposes degeneration and
ultimately cell death in photoreceptors.

V. Bonilha, M. Rayborn, Y. Li
Ophthalmology, Cole Eye Institute/Cleveland Clinic Lerner
College of Medicine, Cleveland, OH, USA
Background and aims: DJ-1 was first identified as a novel
candidate of the oncogene product that transformed mouse
NIH3T3 cells in cooperation with activated ras. Deletion or
homozygous mutations in the DJ -1 gene have been shown to
cause early-onset autosomal recessive Parkinson's disease.
DJ-1 is a multifunctional protein, which has been shown to
robustly protect cells from oxidative stress in several cell
types. DJ-1 is ubiquitously expressed in several tissues, with
high expression in the testis and astrocytes of the frontal
cortex. DJ-1 peptides were detected in rat retinal pigment
epithelium (RPE) cell fractions subjected to proteomic
analysis. The present study was conducted to further analyze
the localization and function of DJ-1 in rodent retinal tissues
and RPE cells.
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CAN WE BRING AREDS INTO THE LABORATORY?
E. Chaum1, J. Yin1, F. Thomas2, J.C. Lang3
1

Hamilton Eye Institute, 2Preventive Medicine, University of
Tennessee Health Science Center, Memphis, TN, 3Alcon
Research Ltd, Ft. Worth, TX, USA
Oxidative stress (OS) is believed to be a major contributing
factor to molecular and cellular damage of the human retinal
pigment epithelium (RPE) in aging and in the development of
age-related macular degeneration (AMD). The recent AgeRelated Eye Disease Study (AREDS) clinical trial showed that
antioxidant and/or zinc supplementation reduces the odds of
progression to advanced AMD in higher-risk groups. Based on
these findings, the AREDS2 randomized clinical trial was

Methods: Paraffin sections of mouse, rat and human retinas
were processed for immunofluorescence with the DJ-1 specific
antibodies followed by analysis with confocal microscopy. The
presence of DJ-1 was analyzed in whole cell lysates from
retina, RPE, and several RPE cell lines. To decipher the DJ-1
function, RPE cultures were treated with H2O2 (0-1000 µM)
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and 4-HNE (5 to 100 µM) for various times followed by
biochemical and immunohistological analysis.

upregulates components of the Fz/PCP pathway and that
groups of elongating fibers develop hexagonal profiles and
pack regularly. Direct evidence that FGF induces PCP comes
from the observation that in groups of elongating cells the
centrosome/primary cilium polarises to the same side of each
cell.

Results: DJ-1 immunoreactivity was observed with cells in the
ganglion cell layer, cells in the inner nuclear layer,
photoreceptors and RPE. In RPE cells under baseline
conditions, DJ-1 displays a diffuse cytoplasmic and nuclear
staining of all the RPE cell lines analyzed. A major band of ~
25kDa was observed in the extracts of mouse retina and RPE
and in all the RPE cell lines as compared to extracts from
mouse brain. RPE cells exposed to oxidative stress led to a
significant increase in DJ-1 expression as analyzed by
immunocytochemical and biochemical assays. Moreover, upon
oxidative injury, a large portion of DJ-1 redistributed to
mitochondria.

Conclusions: The defective fiber differentiation and suture
formation observed in the absence of normal PCP proteins is
consistent with Fz/PCP signaling having a key role in
regulating lens three-dimensional cellular architecture. The
explant studies show that Fz/PCP signaling is downstream of
FGF-induced fiber differentiation; this system will provide a
useful model to study the mechanisms whereby this pathway
orchestrates alignment/orientation of fibers.

Conclusions: Biochemical and immunohistological studies
confirmed that DJ-1 is expressed in retinal tissues and several
RPE cell cultures. Upon exposure to oxidative stress DJ-1
expression increased together with changes in DJ-1
subcellular localization. In addition, DJ-1 expression is
involved in the oxidative stress response in RPE cells in vitro.
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ROLE OF NOTCH2 SIGNALING IN LENS DEVELOPMENT
AND FIBER CELL DIFFERENTIATION
S. Saravanamuthu1, T. Le2, C. Gao1, N. Brown2, T. Gridley3,
P. Zelenka1

Supported in part by NIH grants EY017153 and EY15638, a
Research to Prevent Blindness Unrestricted Grant and funds
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Fiber Cell Differentiation
O313

Background & aims: Notch signaling pathway regulates
transcription during diverse developmental and physiological
processes. Canonical notch signaling involves Notch receptors
(1-4), ligands - Jagged(1,2) and Delta (1,3,4) and the
transcription factor, RBP-J. Upon ligand binding to the Notch
receptor of an adjacent cell, the Notch intracellular domain is
cleaved and translocates to the nucleus to form a
transcriptional complex with RBP-J to initiate transcription of
target genes. Disruption of Notch signaling in lens by ablation
of RBP-J or Jagged1 using conditional gene targeting in mice
has been previously shown to block proliferation of the lens
epithelium, leading to microphthalmia, aberrant expression of
cell cycle regulatory genes, and premature differentiation. Our
own previous studies using cultured rat lens epithelial
explants, indicated that Jagged1-Notch2 signaling is involved
in secondary fiber cell differentiation. This work seeks to
determine the role Notch2 plays in lens development and fiber
differentiation in vivo.

DRAWN TO POLES: A ROLE FOR FRIZZLED/PLANAR
CELL POLARITY SIGNALING IN ORCHESTRATING FIBER
CELL ALIGNMENT AND ORIENTATION
J. McAvoy1,2, Y. Sugiyama1, L. Wen1, R. Stump1, Y. Wang3, J.
Murdoch4, F. Lovicu2,5
1

Save Sight Institute, University of Sydney, 2Vision
Cooperative Research Centre, Sydney, NSW, Australia,
3
Howard Hughes Medical Research Institute, Johns Hopkins
University School of Medicine, Baltimore, MD, USA,
4
Mammalian Genetics Unit, Harwell, UK, 5Bosch Institute,
University of Sydney, Sydney, NSW, Australia
Background and aims: Mammalian lenses are mainly
comprised of concentrically arranged fibers that are precisely
aligned as they elongate along the anterior-posterior axis and
orientate towards lens poles. Although vitally important for
normal lens structure and function, the mechanism(s) that coordinates fiber cell alignment/orientation is little understood.
Previous studies in our laboratory have provided several lines
of evidence that Frizzled/Planar Cell Polarity (Fz/PCP)
signaling plays a key role in fiber differentiation and in
particular in coordinating the precise alignment/orientation
required of these highly elongated cells. The aim of this study
was to further assess the role of PCP signaling in fiber
differentiation in two ways; first, to assess fiber differentiation
in lenses of mice with mutations in genes that code for core
PCP proteins; second, to determine if the Fz/PCP pathway is
downstream of FGF-induced fiber differentiation.

Methods: Notch2 conditional knockout (CN) mice were
generated by crossing mice carrying the Le-Cre driver
(Ashrey-Padan et al., 2000) with Notch2 flox/flox mice
(McCright et al., 2006). The ocular phenotypes were analyzed
using histology and immunofluorescence. Gene expression
changes in the Notch2CN lenses was examined by DNA
Microarray analysis.
Results: E14.5 Notch2CN lenses were smaller than wild type.
By E18.5, the epithelium of Notch2CN was deteriorating and
fiber cells were disorganized. Cataract was of common
occurrence in Notch2CN in postnatal mice as was the fusion of
lens tissue with iris. Pupillary opening was smaller or nonexistent in some Notch2CN. Fiber cells were rounded,
disorganized, and improperly elongated indicating defects in
fiber differentiation. Large vacuoles were present throughout
the lens. Immunostaining for epithelial markers, Foxe3, Ecadherin and Pax6 revealed that anterior epithelial layer was
essentially absent similar to the RBP-JCN and Jag1CN lenses
that displayed severe proliferation defects. DNA microarray
analysis of E19.5 lenses of Notch2CN revealed upregulation of
several key transcription factors such as AP-2-beta, Otx2,
Sox11, cell cycle genes such as Cdkn1a and several members
of the fibroblast growth factor family and down regulation of Ecadherin among other genes.

Methods: Lenses of Looptail (Lp) and Crash (Crsh) mutant
mice and wild-type littermates (Embryonic day (E) 17.5 and
E18.5 and postnatal day 0) were assessed using conventional
and confocal microscopy. Epithelial explants were prepared
from neonatal rat lenses and cultured with FGF to induce fiber
differentiation. Fz/PCP signaling components were assessed
by western blotting and immunofluorescence microscopy.
Results: In the first part of this study we showed that
mutations in core PCP genes Van Gogh-like 2 (Lp mice) and
Celsr1 (Crsh mice) perturb oriented fiber alignment and suture
formation. In the explant studies we show that FGF
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Conclusions: Taken together, severity of the lens defects in
the Notch2CN mice, correlation of some of these defects to
those seen in the RBP-JCN and Jag1CN mice, and changes in
gene expression indicate that Jag1-Notch2 mediated signaling
plays significant roles in key aspects of lens development such
as proliferation and fiber differentiation.

FUNCTION OF RNA GRANULES AND POSTTRANSCRIPTIONAL REGULATORY MECHANISMS IN
LENS FIBER CELL DIFFERENTIATION
S. Lachke1, F. Alkuraya2, T. Ohn3, I. Saadi1, R. Cavallesco1, A.
Tsai4, A. Drack5, P. Anderson3, R. Maas1
1
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Colorado-Denver, Aurora, CO, 5Ophthalmology and Visual
Sciences, University of Iowa, Iowa City, IA, USA
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CHROMATIN REMODELING ENZYME BRG1 IS REQUIRED
FOR MOUSE LENS FIBER CELL TERMINAL
DIFFERENTIATION AND THEIR DENUCLEATION
A. Cvekl1, S. He2, M. Pirity2, W.-L. Wang2, L. Wolf1, B.
Chauhan1, K. Cveklova1, A. Nakai3, E. Tamm4, J. Zavadil5

The function of tissue-specific transcription factors in
mammalian oculogenesis is well established. However, the
post-transcriptional regulatory mechanisms that operate during
oculogenesis are poorly understood. We present evidence for
a tissue-specific RNA granule component, the Tudor domain
containing factor Tdrd7, that functions during mammalian lens
development and perturbation of which in humans leads to
juvenile onset cataracts.

1

Ophthalmology and Visual Sciences and Genetics, 2Genetics,
Albert Einstein College of Medicine, Bronx, NY, USA,
3
Department of Biochemistry and Molecular Biology,
Yamaguchi University School of Medicine, Minami-Kogushi,
Japan, 4Institute of Human Anatomy and Embryology,
University of Regensburg, Regensburg, Germany,
5
Department of Pathology, New York University Langone
Medical Center, New York, NY, USA

We formulated a bioinformatic strategy to efficiently identify
genes that play key roles in lens development and disease.
This strategy uses a developmental profile of the mouse lens
transcriptome as it transitions from the stage of placode
invagination to that of vesicle formation, in combination with a
novel normalization protocol that ranks probe datasets based
on their lens enrichment p-values, allowing for identification of
critical genes in lens development. We tested its application to
identify the affected gene in a juvenile cataract patient who
carries
the
balanced
paracentric
inversion
46,XY,inv(9)(q22.33q34.11). This approach predicted TDRD7
as the most probable candidate among 50 genes within a 5
Mb interval around the q22.33 breakpoint. TDRD7 disruption
and haploinsufficiency in patient lymphoblastoid cells were
confirmed by FISH and Western blot analysis. The expression
of TDRD7 was highly specific to differentiating lens fiber cells
and was conserved between chick and mice. Moreover, in
chick, TDRD7 knockdown resulted in cataract formation,
corroborating the assignment of TDRD7 as the gene
responsible for the cataract phenotype in the human proband.

Background: Brahma related gene 1 (Brg1, also known as
Snf2b and Smarca4) encodes an ATP-dependent catalytical
subunit of the SWI/SNF chromatin remodeling complexes.
SWI/SNF complexes are recruited to chromatin through
multiple mechanisms including specific DNA-binding factors
(e.g. Hsf4 and Pax6), chromatin structural proteins (e.g.
HMGA1) and/or via acetylated core histones. Previous studies
have shown that a single amino acid substitution (K798R) in
the Brg1 ATPase domain (dnBrg1) acts via a dominant
negative mechanism. Genetic studies demonstrated that Brg1
is an essential gene for early (prior implantation) mouse
embryonic development. Brg1 also controls neural stem cell
maintenance, terminal differentiation of multiple cell lineages
and organs including the T-cells, glia cells and limbs.
Results: To examine roles of Brg1 in mouse lens
development, a dnBrg1 transgenic construct was expressed
using the lens-specific αA-crystallin promoter in postmitotic
lens fiber cells. Morphological studies revealed abnormal lens
fiber cell differentiation in transgenic lenses resulting in
cataract. Electron microscopic studies showed abnormal lens
suture formation and incomplete karyolysis (denucleation) of
lens fiber cells. To identify genes regulated by Brg1, RNA
expression profiling was performed in E15.5 embryonic wild
type and dnBrg1 transgenic lenses. In addition, comparisons
between differentially expressed genes in dnBrg1 transgenic,
Pax6 heterozygous, and Hsf4 homozygous lenses identified
multiple genes co-regulated by Brg1, Hsf4 and Pax6. Among
them DNase IIβ, a key enzyme required for lens fiber cell
denucleation, was found downregulated in each of the Pax6,
Brg1 and Hsf4 model systems. Lens-specific deletion of Brg1
using conditional gene targeting demonstrated that Brg1 was
required for lens fiber cell differentiation and indirectly for
retinal development but was not essential for lens lineage
formation.

In mouse, we find that Tdrd7 protein localizes to cytoplasmic
RNA granules in the lens. We also find that lens fiber cells
harbor two known classes of RNA granules, Processing (P)bodies, which contain components of the microRNA machinery
and regulate mRNA turnover, and Stau1 RNA granules which
are involved in mRNA transport, localized translation and
decay. Tdrd7 granules are distinct from P-bodies, as indicated
by the resistance of Tdrd7 granules to cycloheximide. We
hypothesized that Tdrd7 perturbation alters the intricate
interaction between these RNA granules resulting in
misregulation of lens-expressed transcripts. Consistent with
this model, Tdrd7-knockdown in lens cell-culture disrupts
distinct types of RNA granules and results in aberrant
transcript levels of Foxe3 and Prox1, two key genes in lens
development.

Conclusions: These studies demonstrate a cell-autonomous
role of Brg1 in lens fiber cell terminal differentiation and
identified DNase IIβ as a potential direct target of SWI/SNF
complexes. Brg1 is directly or indirectly involved in processes
that degrade lens fiber cell chromatin. The presence of nuclei
and other organelles generates scattered light incompatible
with the optical requirements for the lens.α

In conclusion, we describe a novel cataract gene, TDRD7, and
a new molecular regulatory mechanism for the etiology of
cataract. Moreover, the encoded protein, Tdrd7, is a novel
tissue-specific RNA granule component, suggesting the
possibility that tissue-specific RNA granule components may
provide a general mechanism to regulate transcriptional
specificity during organogenesis.
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axonal transport is driven. Thus, if microtubule abnormalities
develop early in response to injury, the resultant axonal
transport disruption could exacerbate the injury and inhibit
protective or rescue responses from achieving full potential.
Indeed, recent studies also demonstrate axonal transport
abnormalities in experimental glaucoma models prior to retinal
ganglion cell loss.

REPROGRAMMING, TRANSDIFFERENTIATION AND LENS
REGENERATION IN NEWTS
P. Tsonis, N. Maki
University of Dayton, Dayton, OH, USA

Astrocytes are a major class of glia in the vertebrate retina.
They are located primarily within the innermost retinal layers;
their processes surround retinal ganglion cell axons and axon
bundles as well as all blood vessels. Because of this
anatomical relationship, and a variety of physiological
evidence, astrocytes are thought to have a major role in
mechanisms of retinal blood flow autoregulation, i.e.
maintenance of nearly constant blood flow despite variations
of ocular perfusion pressure. Recent studies by us and other
groups demonstrate early failure of optic nerve head blood
flow autoregulation in experimental and human glaucoma.
Astrocytes are also thought to play an important role in the
pathophysiology of many ocular diseases by responding to a
variety of insults such as ischemia, increased intraocular
pressure and neuronal degeneration in a manner that has
been characterized as gliosis.

The ability to reprogram in vivo a somatic cell after
differentiation is quite limited. One of the most impressive
examples of such a process is transdifferentiation of
pigmented epithelial cells (PECs) to lens cells during lens
regeneration in newts. However, very little is known of the
molecular and cellular events which allow newt cells to
transdifferentiate. Histone B4 is an oocyte-type linker histone
that replaces the somatic-type linker histone H1 during
reprogramming mediated by somatic cell nuclear transfer
(SCNT). We found that B4 is expressed and required during
transdifferentiation of PECs. Knocking down of B4 decreased
proliferation and increased apoptosis, which resulted in
considerable smaller lens. B4 knockdown altered gene
expression of key genes of lens differentiation and nearly
abolished expression of γ-crystallin. Furthermore, histone
modifications are also involved in transdifferentiation. In
addition, certain stem cell pluripotency factors are expressed
during lens transdifferentiation, indicating that reprogramming
in stem cells and transdifferentiation in newts might share
similar strategies.

Therefore the ability to image both axonal transport and retinal
astrocytes in vivo would be beneficial to studies about the
pathophysiology of glaucoma and novel therapuetic
approaches. This presentation will provide overviews of the
background studies mentioned here as well as our most recent
studies on imaging active axonal transport and astrocytes in
vivo.

Imaging
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CURRENT CLINICAL IMAGING

HIGH-RESOLUTION, THREE-DIMENSIONAL, HISTOLOGIC
RECONSTRUCTIONS OF OCULAR TISSUES IN THE
FLUORESCENT DOMAIN

C. Girkin
UAB, Bham, AL, USA

J.C. Downs

This presentation will review the clinical research supporting
the use of new diagnostic techniques in glaucoma, particularly
imaging technologies. The diagnosis of glaucoma based on
the structure of the optic nerve is hampered by the normal
variability in optic nerve and nerve fiber layer within the normal
population, both with quantitative techniques and subjective
evaluation. Factors such as disc size and shape, the area and
configuration of the neuroretinal rim, along with parapapillary
parameters such as the extent of beta-atrophy, and nerve fiber
layer integrity, along with the observation of specific and
nonspecific vascular changes all can aid in the early diagnosis
of glaucoma. Several newly commercially available spectral
domain OCT units now provide images of the retina and optic
nerve with an unprecedented degree of resolution which will
continue to drive imaging research and eventually clinical
management.

Ocular Biomechanics Laboratory, Devers Eye Institute,
Portland, OR, USA
Purpose: To construct a microtome-based device that would
allow automated, high-resolution, three-dimensional, histologic
reconstructions of ocular tissues in the fluorescent domain.
Methods: We have built a fully automated system based on a
Leica RM-2265 microtome, which has been modified to
section automatically under computer control. Ocular tissues
are processed for standard histology, then infiltrated and
embedded in light-blocking paraffin. As the specimen is
sectioned at 1 µm intervals, the cut block face is episcopically
imaged using a Nikon AZ-100 microscope fitted with Exfo
PC120 fluorescent light source and an Apogee U16M
grayscale camera with a 4096 x 4096 pixel CCD chip. Custom
automated filter cube changing allows episcopic block face
imaging to be performed in up to four separate fluorescent
spectra for each section, yielding concurrent, co-localized 3D
reconstructions of up to four fluorescent markers or signals per
specimen. We have reconstructed the optic nerve heads
(ONH) of human, monkey, and rat eyes using the native tissue
autofluorescence, which produces detailed 3D reconstructions
of the retina, choroid, sclera, and ONH issues. Resolution is
set to 1 µm/pixel at a field of view of 4.1x4.1 mm, which when
coupled with imaging at every 1 µm thick section, yields image
volumes with a voxel resolution of 1x1x1 µm. The system is
fully automated and error tolerant, which allows for 24-hour
operation. Each sectioning and imaging cycle takes
approximately 1 min 10 sec for one fluorescent channel, and
additional fluorescent channels add ~45 seconds each to the
section/imaging cycle. The light-blocking agent limits
fluorescent excitation/emission to only those tissues exposed
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TRANSLATIONAL IMAGING
B. Fortune
Discoveries in Sight Research Laboratories, Devers Eye
Institute, Portland, OR, USA
Evidence suggests that retinal ganglion cell axonal
cytoskeletal components, specifically microtubules, are
disrupted during the earliest stages of response to
experimental injuries such as axotomy and experimental
glaucoma. Clinical studies of glaucoma patients and suspects
also suggest that axonal microtubule disruption occurs during
early stages, preceding visual field loss. This disruption is
significant because microtubules are the “tracks” upon which
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on the block face surface, thereby minimizing photo bleaching
and eliminating the need for image deconvolution.

and 4 (1 segment). Structures per quadrant were assessed in
one eye and were SN (8), IN (13), IT (14), ST (12).

Results: The retinal layers and cells, ONH neural tissues, and
posterior ciliary and choroidal vasculature are readily apparent
in the autofluorescent images from all 3 species. The
connective tissues of the lamina cribrosa and sclera are
especially bright. Resolution is sufficient to resolve individual
retinal ganglion cells and the collagen fibril orientation in the
peripapillary sclera. A 3D reconstruction of a human ONH
takes approximately 30 hours when imaging in the
autofluorescent channel only.

Conclusions: The protocols described permit examination of
the transparent tubes by Nomarsky and correlation with phase
contrast as well as light microscopy images.

Conclusions: High-resolution histologic 3D reconstruction of
ocular tissues has been automated using a custom device,
which should allow up to 3 additional fluorescent markers to be
co-localized with the ONH morphology in a variety of species
under a variety of experimental conditions.

NEW VIEWS OF RETINAL ASTROCYTE REACTIVITY
FOLLOWING INJURY INDUCED BY RETINAL
DETACHMENT

Role of Astrocytes in Retinal Diseases
O322

G. Lewis, G. Luna, P. Keeley, B. Reese, S. Fisher
Neuroscience Research Institute, University California Santa
Barbara, Santa Barbara, CA, USA
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Aims: Injury to the retina, whether it is induced by trauma or
disease, initiates dramatic remodeling of retinal Muller cells
including changes in protein expression, proliferation, and
growth throughout the retina. Little is known, however, of the
response of retinal astrocytes during retinal degeneration, in
part because of the overwhelming response of the Muller cells.
It was the goal of this study to determine more precisely the
role of astroctyes in response to injury by filling individual cells
with fluorescent dyes.

NOMARSKY IMAGING OF CYLINDRICAL TUBES THAT
SPAN BETWEEN THE TRABECULAR MESHWORK AND
THE EXTERNAL WALL OF SCHLEMM'S CANAL (SC)
M. Johnstone1,2, E. Martin1, K. Curtiss1, P. Chen1
1

Department of Ophthalmology, University of Washington,
Department of Ophthalmology, Swedish Medical Center,
Seattle, WA, USA
2

Methods: Experimental retinal detachments were created in
wild-type C57Bl/6J mice and, at times ranging from 3 to 105
days later, their retinas were removed and fixed for 30 min in
4% paraformaldehyde. Over 50 individual astrocytes were
filled with the fluorescent dyes Lucifer yellow or AlexaFluor
568 in retinal whole-mount preparations from both control and
detached retinas after which the tissue was immuno-labeled
with varying combinations of antibodies to glial fibrillary acidic
protein (GFAP) and S100 (to label astroctyes), collagen IV and
the lectin peanut agglutinin (to label blood vessels), and
neurofilament protein (to label ganglion cell axons). Astrocyte
morphology, including measurements of process length as
well as their relationship to blood vessels and GC axons were
evaluated.

Background and aims: Endothelial lined tubes that span
across SC have been identified by means of tracer studies as
a possible mechanism of aqueous transfer into SC. The
structures are transparent and are disrupted by SC unroofing
thus making them difficult to characterize. This report
describes new techniques to study the transparent tubes.
Methods: Monkey eyes (M. Nemestrina) (4), 80-power
dissecting microscope, Healon™, 150 u viscoelastic cannula,
Karnovsky's fixative. Oblique fiber optic light source.
Microscopy by Nomarsky (differential interference microscopy
(DIC)), phase contrast and dissecting microscope. In 2 eyes
each divided into 4 quadrants ciliary body and iris were
removed. Viscoelastic was introduced into SC at each end of
each limbal quadrant followed by fixation. Radial sequential
500 micron sections were cut around the entire circumference
of SC. Nomarsky (DIF) microscopy was used to image
structures in SC. Nomarsky images were compared with
phase contrast and dissecting microscope findings.

Results: In normal retina, astrocytes appear highly planar with
stellate processes that often form an overlapping (i.e. nontiled) pattern. In addition, they make discrete focal contacts
with blood vessels and GC axons. Within 3 days of
detachment, the morphology of the astrocyte processes
changed to one with expanded cytoplasm, containing more
GFAP, and a more irregular appearance. In addition, contacts
with other structures became less discrete. The diameter of
the cell bodies, and the average distance that the processes
extended laterally from the cell body, did not change
significantly after detachment, however, in long-term
detachments (105 days), many cells had long processes that
extended deep into the inner retina and these processes
appeared to contact blood vessels in the inner plexiform layer.

Results: The short 500 micron segments and SC dilation
permitted a light path to traverse the canal thus permitting
Nomarsky imaging of the tubes in SC. The Nomarsky
technique with z-series stacked sections (2 u/sections, 690
total) demonstrated that transparent cylindrical tubes spanning
SC had a wall composed of a single cell layer enclosing a
lumen that connected to an open funnel-shaped area arising
from the level of SC inner wall endothelium. The same
cylindrical structures identified by Nomarsky imaging were
compared with cylindrical structures spanning SC identified by
phase contrast microscopy and at the dissecting microscope.
At the dissecting microscope, the cylindrical structures were
transparent under coaxial lighting conditions. However, oblique
light caused light scattering within the transparent tubular
structures in SC which when placed against a black
background became visible. To assess the frequency of
structures imaged by the Nomarsky technique seventy seven
500 micron segments were examined in two M. Nemestrina
eyes at the dissecting microscope. Cylindrical structures
spanning SC (91 total) were identified and photographed.
There were 1.33 structures/segment OD and 1.07 OS.
Frequency of structures per segment ranged from 0 (15
segments), 1 (40 segments), 2 (16 segments), 3 (5 segments)

Conclusions: Retinal astroctyes respond to retinal
detachment by altering their contacts with blood vessels, filling
with GFAP, expanding the width of their processes, and
extending some processes great distances into the retina.
While the functional effects of these changes are unknown,
these data demonstrate that retinal astroctyes, like
homologous cells elsewhere in the CNS become highly
reactive following injury.
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are the best known, since most retinal glial cells have the
Müller phenotype. Retinal astrocytes constitute a smaller
population. However, because of their selective association
with blood vessels, astrocytes are highly involved in the course
of several retinal diseases, such as retinal detachment and
proliferative vitreoretinopathy, hypertensive retinopathy,
diabetic retinopathy and uveitis. In normal retina, astrocytes
store endothelins and express the endothelinergic receptor B.
Moreover, astrocytic endothelin is involved in the regulation of
the blood-retinal barrier.

LOCATION, LOCATION, LOCATION: RESPONSES OF
GLIA IN THE OPTIC NERVE HEAD AND RETINA TO
ELEVATED IOP
E.C. Johnson, Y. Guo, T.A. Doser, J.A. Dyck, W.O. Cepurna,
J.C. Morrison
Opthalmology, Oregon Health Science University, Portland,
OR, USA

We evaluated the role of endothelins in the initial astrocytic
response to retinal injury induced by retinal detachment or
endotoxin in rodent models. To achieve this goal, we studied
the activation of molecules from stress-related pathways:
phosphorylation of c-Jun NH2-terminal kinase (JNK) and
nuclear translocation of NFKB. We compared the activation of
these pathways in astrocytes and Müller cells during the acute
phase. In addition, we used tezosentan, an endothelinergic
receptor blocker, to detect endothelinergic-dependent changes
on the activation of stress-related molecules.

Chronic exposure to elevated intraocular pressure (IOP)
results in the progressive loss of optic nerve axons and retinal
ganglion cells. The role of glial cells in this process is the
subject of speculation and investigation. Ongoing studies in
our laboratory, using microarray analysis, qPCR and
immunohistochemistry, have shown that cell proliferation is the
dominant initial response of the optic nerve head (ONH) to
elevated IOP, while the downregulation of energy production
and protein synthesis-associated mRNA coupled with
increased expression of
transcription factor, Atf3,
characterizes the early responses of the retinal ganglion cell
layer (RGCL). The purpose of this study is to examine the
gene expression of cell markers for astrocytes and microglia in
both the RGCL and ONH during the progression of IOPinduced injury from the early to advanced stages of axon loss.

Our findings suggest that astrocytic endothelinergic signaling
would be involved in the initial response of the retina to retinal
detachment and inflammatory conditions.
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Episcleral vein injection of hypertonic saline was used to
model glaucoma by sclerosing aqueous outflow pathways,
resulting in chronic IOP elevation. ONH and laser capture
microdissected RGCL mRNA from individual eyes was
analyzed by qPCR, comparing gene expression between
control, early injury (< 15% degenerating optic nerve axons)
and advanced injury (>15% degenerating axons) glaucoma
model tissues (N≥11/group) by ANOVA.

NORMAL AND REACTIVE ASTROCYTES IN THE OPTIC
NERVE HEAD OF THE MOUSE
T. Jakobs, D. Sun, M. Lye-Barthel, R. Masland
Howe Laboratory of Ophthalmology, Massachusetts Eye and
Ear Infirmary, Boston, MA, USA
Background and aims: Glaucoma presents as a sectorial
loss of retinal ganglion cells, and it has been proposed that
damage to individual axon bundles at the level of the lamina
cribrosa is the immediate cause of ganglion cell degeneration.
Mice lack a true, collagenous lamina cribrosa, yet they can
develop glaucoma. The axon bundles in the murine optic
nerve head are segregated by specialized astrocytes that
together form a meshwork of glial tubes, the “glial lamina”. We
had two aims for this study: (1) how are the individual
astrocytes arranged to form this structure, and (2) what are the
characteristics of reactive astrocytes in the optic nerve?

In early injury, no significant changes in glial cell marker gene
expression were observed in the RGCL. In corresponding
ONH, astrocyte markers aquaporin 4 (Aqp4), transcription
factor Pax2 and Megf10 were significantly downregulated to
25±7%, 57±8% and 32±5% of control values, respectively.
Simultaneously, the onset of microglial activation was
suggested by decreased ONH purine receptor P2ry12
expression (43±10%). In advanced ONH injury, these
messages remained downregulated, while astrocytic marker
vimentin (Vim) and microglial marker Aif1 mRNA were
upregulated ( to 145±8% and 298±46%, respectively).
Throughout, ONH astrocytic glial fibrillary acidic protein (Gfap)
mRNA remained at or below control levels. In advanced injury
RGCL, the upregulation of astrocytic Gfap (275±66%) and Vim
(320±83%) along with microglial Aif1 (637±178%) became
significant.

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.
Additionally, several markers (GFAP, neurofilaments, MBP,
S100, NG2) were studied within these mice using
immunohistochemistry followed by confocal microscopy.
Alternatively, individual cells were labeled by dye injection or
particle-mediated transfer of DiI.

Initially, exposure to chronically elevated IOP depresses the
expression of astrocyte specific genes in the ONH, as would
be expected during astrocyte proliferation. In comparison,
RGCL responses are delayed until nerve injury is advanced
and are characterized by the upregulation of both astrocyte
and microglial specific messages. These observations are
consistent with the ONH as the initial site of pressure-induced
glaucomatous injury.

Results: Axon bundles in the region of the glial lamina have a
topographic relationship to the retina - axons from the same
sector run together. Each glial lamina contains ~200
astrocytes that overlap substantially. Individual astrocytes
often span at least half of the diameter of the nerve and each
astrocyte participates in forming the sheaths of at least one
third of the axon bundles. Conversely, each glial sheath
between the bundles contains processes of ~ 9 individual
astrocytes.
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ASTROCYTES AND ENDOTHELINERGIC SIGNALING IN
RETINAL DISEASES

Conclusions: The distributed nature of the astrocytic matrix
makes it difficult to explain the focal damage to axon bundles
seen in moderate stages of glaucoma. A considerable local
rearrangement of astrocytes must take place in the glial lamina
when it reacts to glaucomatous damage.

A. Suburo
Cell and Molecular Medicine, Facultad de Ciencias
Biomedicas, Universidad Austral, Pilar, Argentina
Severe glial remodeling is one of the hallmarks of retinal
diseases. Activation responses originated in Müller glial cells
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Drug Delivery for Treatment of Retinal
Degeneration
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DRUG AND GENE DELIVERY TO THE POSTERIOR
SEGMENT

BIODEGRADABLE MICROSPHERES FOR DELIVERY OF
NEUROTROPHIC FACTORS

J. Nickerson1, S. Mosley1, S. Patel2, H. Grossniklaus1, D.
Geroski1, M. Prausnitz2, U. Kompella3, A. Laties4, H.
Edelhauser1, J. Boatright1

P. Checa-Casalengua1, I. Bravo-Osuna1, I.T. MolinaMartínez1, B.A. Tucker2, M.J. Young2, R. Herrero-Vanrell1

1

Ophthalmology, Emory University, 2Chemical and
Biomolecular Engineering, Georgia Institute of Technology,
Atlanta, GA, 3Pharmaceutical Sciences, University of Colorado
Denver, Denver, CO, 4Ophthalmology, University of
Pennsylvania, Philadelphia, PA, USA

1

Pharmacy and Pharmaceutical Technology, Complutense
University, Madrid, Spain, 2Schepens Eye Research Institute,
Department of Opthalmology, Harvard Medical School,
Boston, MA, USA

There are several approaches used to deliver drugs to the
posterior segment of the eye. The gold standard treatment for
AMD is intravitreal injection of antibodies against VEGF. It is
effective and safe. Nonetheless, there is potential for
improvement. Here we summarize different approaches to
deliver many types of drugs and nucleic acids in vivo to the
posterior segment.

Background: Optic nerve degeneration constitutes one of the
causes of irreversible blindness in diseases such as
glaucoma, retinitis pigmentosa and optic neuropathies.
Despite recent advances in surgical procedures and
pharmacological treatments, patients eventually lose their
sight because of these aggressive pathologies. Among the
neuroprotective agents, neurotrophic factors are the most
interesting. Neuroprotective therapies require the development
of biodegradable formulations (microparticles) able to release
the active substance near to the target (retina) as long as
possible. The main advantage of these biodegradable
formulations is that they do not need surgery procedures for
their intraocular administration. Furthermore, as they are
biodegradable they disappear from the target site once the
drug has been released.The aim of this work is the
development and characterization of poly-(lactic-co-glycolic
acid) (PLGA) microparticles loaded with neuroprotective
factors (GDNF and BDNF) for intraocular administration.

Subconjunctival, periocular, retrobulbar, intravitreal, and
subretinal injections have improved. Systems that rely of
diffusion have been improved. Important new approaches
such as microneedle injection into the suprachoroidal space
could be game-changing. Improvements to iontophoresis,
electrophoresis, and electroporation have advanced. Lastly,
other techniques including sonoporation and ultrasound have
advanced. Specific examples include:
Delivery of small anti-apoptotic and neuroprotective agents
(TUDCA, fulvene-5, and 7, 8 dihydroxyflavone) to
photoreceptor (PhR) cells. TUDCA delivery was effective with
intraperitoneal, intravitreal, and subconjunctival injection of
embedded within a fibrin sealant. The delivery scheme allowed
about a 20-fold bias favoring accumulation of the drug in the
retina over serum with one day of delivery and a >160-fold
bias after one week. Treatment with TUDCA essentially
eliminated apoptosis in the PhRs of rd10 mouse, in PhRs of
LIRD, and in RGCs after optic nerve crush. The other drugs
demonstrated neuroprotective effects too.

Materials: PLGA 50:50 (Resomer® 503) (200mg) and GDNF
(40µg) and BDNF (20µg) from R&D.
Methods: Microspheres (MSs) were prepared by the O/W
emulsion-solvent evaporation technique. Morphological and
particle size characterization were performed by SEM and
Coulter® Multisizer respectively. In vitro release of GDNF and
BDNF from MSs was performed for 12 weeks. At pre-set times
(1h, 24h and once a week for 12weeks) the release medium
was collected and GDNF/BDNF levels were quantified using
ELISA. The functionality of GDNF released from the
microparticles was evaluated via retinal ganglion cell survival
assay.

The sclera serves as a sponge for sustained drug delivery.
Transscleral diffusion occurs with molecules ranging in size in
excess of 1 million Da.
Drugs may be injected into the suprachoroidal space.
Microcannulas can be threaded into the space and positioned
near the macula. Other devices allow the direct injection of
solutions that spread widely throughout this space: The hollow
microneedles are minimally invasive. Soluble molecules and
particles injected in this way localized between the choroid and
sclera circumferentially around the eye.

Results: PLGA MSs loaded with neurotrophic factors were
spherical and ranged from 2-40µm in size. The encapsulation
efficiencies resulted in 33.0±10.0% for GDNF and 25.9±4.8%
for BDNF. Neurotrophic factors were released in vitro up to 12
weeks. The amounts of neurotrophic factors were calculated
per mg of microspheres. An initial burst effect (24h of the
release
assay)
was
observed
with
values
of
45.7±10.5ngGDNF and 11.2±0.5ngBDNF. Subsequently,
microspheres released amounts of 0.33±0.10ngGDNF/day
and 0.30±0.03ngBDNF/day for two weeks. After that, an
almost constant release of 31.4±10.7pgGDNF/day and
11.6±2.3pgBDNF/day was observed up to 7 weeks. From
weeks 7 to 12 of the assay, MSs released 18.1±1.2pg/day and
4.6±0.02pg/day of GDNF and BDNF respectively. Release
media collected during this time and tested by a ganglion cell
survival assay was shown to proven neuroprotection,
indicating that both neurotrophic factors remained functional
following PLGA degradation.

Periocular injection of carboplatin nanoparticles reduced tumor
burden in the ipsilateral and contralateral eyes in a transgenic
murine model of retinoblastoma. This is a clinically useful way
to achieve sustained release of carboplatin with minimal
toxicity. Intravenous injection of VEGF intraceptor
nanoparticles reduced the size of laser-induced CNV in a
mouse model. This circumvents intravitreal injections of antiVEGF agents.
For gene therapy in the eye, viral particles, liposomes, and
nucleic acids can be placed immediately adjacent to the target
cell. Subretinal injection directly exposes highly concentrated
agents to the PhR or RPE cell. Videos show the successful
surgical approach.

Conclusion: PLGA microspheres loaded with GDNF and
BDNF can be considered a stimulating approach in the
treatment of diseases involving optic nerve degeneration.
Acknowledgements: MAT 2007-65288, UCM Research
Group 920415 (GR58/08) and Lincy and Discovery eye
Foundations.
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factor (BDNF) or glial cell line-derived neurotrophic factor
(GDNF) delivered via biodegradable microspheres displayed
neuroprotective activity in a rat model of acute elevation of
intraocular pressure. As an extension to these earlier studies
we have used lentiviral vectors to engineer MSCs as vehicles
for delivery of BDNF or GDNF. As control cells MSCs were
engineered for green fluorescent protein (GFP) expression
only. These genetically modified MSCs were transplanted via
intraocular injection into rat eyes subjected to chronic ocular
hypertension, an inducible model used for study of
experimental glaucoma. Intraocular pressure was monitored,
and analysis of retinal function was performed using
noninvasive recording procedures at multiple time points. At
the termination of the experiment, the retinal and optic nerve
tissue is collected and prepared for analysis. Results thus far
indicate that experimental eyes transplanted with the BDNFMSCs displayed significant preservation of retinal structure
and of visual function in comparison to the GFP-MSC
transplanted eyes. Eyes receiving GDNF-MSC transplants
tended to have better function than the control eyes that
received GFP-MSC transplants, but were not statistically
significant. Bone marrow-derived MSCs hold great potential as
a cellular-based system for delivery of therapeutic proteins to
the damaged or diseased nervous system.

GDNF MICROSPHERES FOR RESCUE OF RETINAL
GANGLION CELLS
M. Young
Ophthalmology, Schepens Eye Research Institute, Harvard
Medical School, Boston, MA, USA
Purpose: For the past several years we have been
investigating neuroprotection in several glaucoma models by
injecting slow-release biodegradable microspheres loaded with
glial-cell-line-derived neurotrophic factor (GDNF) into the
vitreous.
Methods: Poly(DL-lactide-co-glycolide) (PLGA) microspheres
containing GDNF were fabricated using a spontaneous
emulsion technique, and drug release was quantified by an in
vitro release study at 37ºC in PBS followed by ELISA assays.
Treatment protocols were designed to evaluate the RGC
survival at different stages of degeneration. We have studied
DBA/2J mice (a model of spontaneous pigment dispersion
diseased), elevated IOP in rats (using a modification of the
Morrison model), and pigs with acute elevated IOP (a model of
retinal ischemia). Microspheres were injected in ipsilateral
eyes, with the contralateral eyes, as well as sham or lens
injury, serving as controls.

(Grant Support: NIH-1R01EY019294; The Stem Cell Biology
Support Fund; VA-RRD Grant C3919R)

Results: GDNF delivery increased RGC survival in all models
we have evaluated. Moreover, functional recovery was seen,
as measured by multifocal electroretinograms in the pig. No
statistically significant survival effect was found in either sham
or lens injury control groups.
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PROGENITOR-BASED DELIVERY OF NEUROTROPHIC
FACTORS FOR PHOTORECEPTOR DEGENERATIONS
H. Klassen

Conclusions: Microsphere-delivered GDNF significantly
increases long-term RGC survival in a variety of glaucoma
models. Neuroprotection with slow-release polymers secreting
GDNF and other neuroprotective factors should be considered
as a potential therapy for glaucoma and other diseases
involving the loss of CNS neurons.

Ophthalmology, University of California, Irvine, Orange, CA,
USA
Diseases involving the degeneration of retinal photoreceptors
remain an important cause of incurable blindness and visual
disability. Extensive research has done much to unravel the
genetics as well as some of the mechanisms underlying these
conditions, however, the much anticipated therapeutic
advancements have yet to fully materialize and thus the
clinical prognosis remains dismal. Against this backdrop, there
is an extensive body of research showing that at least a subset
of functional retinal neurons can be experimentally preserved,
by a variety of means, in a variety of animal models. This
phenomenon is generally referred to as neuroprotection or
rescue. While neuroprotection falls short of providing a perfect
rescue, and does not correct the underlying defect, a
measureable degree of efficacy has been shown in multiple
models of photoreceptor dystrophy, the latter due to a range of
etiologies. Imperfect though it may be, the potential clinical
applications of neuroprotection are numerous. For instance, in
human patients with retinitis pigmentosa (RP), preservation of
cone photoreceptors would have a powerful influence on
visual function and quality of life. One method of achieving
neuroprotection is the intraocular delivery of certain
neurotrophic factors or the genes encoding them. Another is
stem cell transplantation. A third approach is to combine the
first two by genetically modifying stem cells to delivery
neurotrophic factors. In this way, the grafted cells would serve
as vehicles for sustained delivery of the neurotrophic peptide
and take advantage of the immune privileged status of CNS
progenitors. Furthermore, it should be noted that as long as
such genetic modification and growth factor over-expression
does not impede the ability of the stem cells to repopulate the
photoreceptor layer, this last strategy would have the potential
to provide both neuroprotection and retinal cell replacement.
Among the data that will be presented is recent evidence that
retinal progenitor cells can be cultured in the presence of
exogenous GDNF, that these cells can be genetically modified
with lentiviral vectors to express a GDNF transgene, and
evidence that exposure to GDNF has a relatively modest
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STEM CELL-BASED DELIVERY OF NEUROTROPHIC
FACTORS IN AN EXPERIMENTAL GLAUCOMA MODEL
D. Sakaguchi
Genetics, Development & Cell Biology/Neuroscience, Iowa
State University, Ames, IA, USA
The permanent loss of retinal ganglion cells (RGCs) is a
hallmark of many ophthalmic diseases, including glaucoma,
the second leading cause of blindness worldwide. A serious
problem with developing useful therapies for treatment of
central nervous system (CNS) disorders, including blinding
ocular diseases, is in developing effective methods that
prevent further degeneration and also facilitate recovery of
function. A neuroprotective strategy for treating glaucoma and
protecting RGCs from further degeneration will likely require
the application of active agents, such as neurotrophic factors,
for prolonged periods of time.
We are developing an innovative approach by coupling
neurotrophic factor delivery via a cell transplantation therapy
using genetically engineered adult bone marrow-derived
mesenchymal stem cells (MSCs). Mesenchymal stem cells are
an attractive source of cells for transplantation and
neuroprotection as they are relatively easily isolated, can be
engineered to express exogenous genes, and are a potential
source of cells for autologous transplants, inciting minimal host
immune response.
In previous studies we found that brain-derived neurotrophic
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impact on RPC growth and gene expression, at least over
circumscribed time periods. Together, these findings support
the use of RPCs as a means of delivering GDNF to the retina.
Further work will be needed to determine whether GDNFtransduced RPCs are also capable of integration into host
tissue as functional retinal cells while maintaining GDNF
secretion.

plasticity should consider brain laterality when choosing test
paradigms.

Clinical-Imaging

D. Sherpa
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OCULAR MORBIDITY AMONG PRIMARY SCHOOL
CHILDREN OF DHULIKHEL

Ophthalmology, Nepal Eye Hospital, Kathmandu, Nepal
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Background: Any information of eye diseases among peimary
school children is rare in Nepal. A programme to provide basic
eye screening to school children with an aim to provide
services as well to gather information on ocular morbidity has
been studied.

BRAIN LATERALITY AND SPATIAL JUDGMENTS IN
RETINITIS PIGMENTOSA
W. Wittich1,2,3, M.A. Kapusta4, J. Faubert5, O. Overbury3,4,5
1

Methods: All the children of randomly selected five primary
schools children of Dhulikhel were included in this study. This
programme is targeted at poor government schools who
cannot afford these services. A complete eye examination
were done in all children including colour vision, loupe
examination, refraction, schiotz tonometry and funduscopy.
Gonioscopy and automated perimetry were done in selected
children.

Neurology & Neurosurgery - Integrated Program in
Neuroscience, McGill University, 2Lady Davis Institute for
Medical Research, Jewish General Hospital, 3Centre de
Recherche Interdisciplinaire en Réadaptation du Montréal
Métropolitain (CRIR), 4Ophthalmology, Jewish General
Hospital, 5School of Optometry, University of Montreal,
Montreal, QC, Canada
Purpose: The majority of research on visuocortical plasticity in
the presence of ocular disease has focused on central visual
field loss due to macular degeneration. However, preliminary
data have indicated that similar cortical reorganization may
occur in the presence of peripheral field loss as well, for
example due to retinitis pigmentosa (RP). What remains
elusive is whether such cortical adjustments result in
measureable behavioural changes, specifically the perception
of visual space, and whether such changes are relevant to the
patient. The present study examined both objective and
subjective measures of spatial vision in RP patients.

Result: A total of 466 primary school children were included in
the study. Out of 466 children 47(10.08%) had ocular
morbidity. Refractive error was the commonest type of ocular
morbidity 11(2.36%). Hypermetropia was the commonest type
of refractive error(0.84%) in contrast to myopia
(0.64Conjunctivitis is second commonesr type of ocular
morbidity(1.71%). Glaucoma suspects accounts for (1.28%),
Xerophthalmia(1.07%), Blephatitis(0.85%), Amblyopia(0.43%),
Colour
blindness(0.43%),
Conjunctival
nevus(0.43%),
Glaucoma(0.43%),Strabismus(0.43%)
and
congenital
abnormalities were less common.

Methods: 12 patients with RP were asked to judge the relative
horizontal distance of a central circular dot between two
flanker dots, one of which was at fixation. Stimulus
presentation was asymmetrical, whereby all targets appeared
in either the right (RVF) or left (LVF) visual field. Monocular
and binocular performance accuracy was measured using the
method of constant stimuli, using 7 locations within ±30% of
stimulus eccentricity. Visual field diameters (Goldman III/4e
target) in the right and left visual hemifield were expressed as
a ratio in order to indicate visual field asymmetry. Subjective
distortions of space were assessed with the Arimura
metamorphopsia questionnaire.

Conclusion: A school eye screening and intervention
programme with periodic evaluation seem to be appropriate for
countries like Nepal as most of the eye disease found are
preventable or treated.
Acknowledgement: I would like to thank University Grant
Commission to provide fund for this study. I would also like to
thank staffs of ophthalmology department of Kathmandu
University School of Medical Science. Dhulikhhel. I would like
to express my sincere gratitude to technical staffs of
Ophthalmology department of Tribhuvan University teaching
hospital.

Results: Pearson's correlation coefficients revealed a
systematic relationship between binocular error and field
asymmetry in the left visual field, r2= .59. This was not the
case in the right visual field (r2= .02) or in any of the monocular
conditions. This result indicated that if the LVF was larger than
the RVF, error scores in the LVF were shifted away from
fixation (spatial magnification) while, if the LVF was smaller,
error scores in the LVF were shifted towards fixation (spatial
contraction). Patients with smaller field diameters were more
likely to experience distortions, most of which interfered with
face perception.
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THE GLOBAL RETINOBLASTOMA CLINIC: SHARING
CARE WORLDWIDE
H. Dimaras1, A. Mallipatna2, E. Dimba3, K. Frasunkiewicz4, B.
Gallie4
1

Hematology/Oncology, The Hospital for Sick Children,
Toronto, ON, Canada, 2Retinoblastoma Program, Narayana
Nethralaya Hospital, Bangalore, India, 3Oral and Maxillofacial
Pathology, University of Nairobi, Nairobi, Kenya,
4
Ophthalmology & Visual Sciences, The Hospital for Sick
Children, Toronto, ON, Canada

Conclusions: Spatial judgments in RP patients were related
to the extent to which their remaining visual field was
asymmetric, resulting in distorted perception. However, this
effect was only present in the left visual field under binocular
viewing. The right visual cortex has previously been
associated with superior accuracy and speed involving spatial
vision tasks. This specialization has not yet been considered in
the context of cortical plasticity of the visual system. Even
though measurable distortions were generally small, patients
experience metamorphopsia, specifically when viewing faces.
Future investigations of the functional consequences of visual

Background & aims: Children with retinoblastoma (RB) who
live in nations with poor access to essential health resources
often do not survive. We will document where and how
affected children are treated worldwide; optimize management
of RB in resource poor settings; and strengthen the global RB
network by implementing guidelines through a worldwide
medical record. To achieve equal and optimal care for all
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affected children, regardless of the health system in their
country, we propose a model for global RB care.

points.After intensive image processing, the orbital cavities are
segmented and subjected to direct volume rendering with
special transfer functions. Axial, sagittal, or coronal clipping
planes enable free view to inner orbital structures. For time
dependent rendering, continuous update for every time step
provides dynamical sequences.

Methods: An electronic survey of worldwide RB treatment
centers documented the human and physical resources
available for management of RB. Treatment centers were
classified based on available resources and expertise, and
grouped by economic status of the country.

Results: The 3D-analysis showed insight to the orbital
structures up to smaller ocular nerves, optic disc, and lacrimal
gland (Fig. 1). For all approaches, rendering of the extraocular muscles revealed a two layered structure with some
intermediate tissue in between (Fig. 2). In a Dotarem ® MRI,
contrast was enhanced in both layers, but the intermediate
zone was spared, indicating no vascular structures there. It
was confirmed that the observed two layered appearance is
due to the orbital and bulbar layer of the EOM. By od-MRI, eye
movements including their limitations due to pathologies such
as trauma or EO can be monitored. Concerning 4Dvisualization, the procedure's applicability was proven.

A situation analysis at the initial working meeting of the
Kenyan National RB Strategy (KNRbS) identified resources
and personnel at Kenyan RB treatment centers. Canadian
National Guidelines for RB Care are published and available
for adoption in Kenya and India. The eCancerCareRB (eCCRB),
a point-of-care RB-specific medical record was implemented in
Canadian, Kenyan, Indian and Chinese RB centres.
Results: Data on resources for RB care is published on the
Internet from 90 RB centers in 50 countries, 6 continents: 58%
(44/90) high-income, 25.6% (23/90) upper-middle income,
20% (18/90) lower-middle income and 5.4% (5/90) low-income
countries. Advanced RB centres were mainly located in highincome countries, with none in sub-Saharan Africa.

Conclusion: Clinical experts rated the 3D- and the od-MRI
approach as a very valuable diagnostic support. As the
preservation of small ocular nerves is still a challenge, their
rendering is of benefit for ophthalmologic surgery. Ongoing
research is dedicated to evaluation of the inner structure of
ocular connective tissue as well as of the optic nerve, which
might be helpful in optic neuritis with regard to multiple
sclerosis.

The KNRbS identified pathology as a key area of RB care
requiring improvement. KNRbS created the RB Collaborative
Laboratory service (RBCoLab) to provide essential RB
pathology services and training. The RBCoLab leader
completed a fellowship in Canada, and Standard Operative
Procedures for specimen handling and reporting were
approved. A microtome, whole slide digital scanner and
imaging & education software were donated to the RbCoLab,
to facilitate shared care and education across Eastern Africa.
Kenyan and Indian centres provided critical feedback for
eCCRB version 2, which will be housed on a global server. RB
care is guided through the eCCRB datafields.
Conclusions: A global network of RB centres will optimize the
level of care and improve chances for cure of children with RB.
RB centres identified areas for improvement. The lessions
learned within the KNRbS will provide a blueprint for other
countries. The eCCRB version 2 on a global server provides a
point-of-care medical record framed around agreed-upon
practice guidelines, facilitating evidence-based quality care
and research to improve RB care worldwide.
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COMPUTER ASSISTED OPHTHALMOLOGIC DIAGNOSIS:
AN INTEGRATED APPROACH BASED ON STATIC,
SEQUENTIAL, AND DYNAMIC MRI

[]

C. Kober1, S. Ghandy1, H.-F. Zeilhofer2, C. Kunz2, C. Buitrago
Tellez3, A. Palmowski-Wolfe2, I. Berg-Börner2
1

University of Applied Science, Hamburg, Germany, 2Basel
University, Basel, 3Spital Zofingen, Zofingen, Switzerland
Introduction: The main purpose is ophthalmologic diagnosis
support followed by therapy planning/monitoring. Strongly
oriented towards the clinical setting, the project shows a wide
range of applications as ophthalmopathy, trauma, ocular
paralysis, multiple sclerosis, or tumors.
Methods: The approach comprises three visualization strategies: Highly detailed 3D-analysis of the orbital structures,
further near real time oculodynamic MRI (od-MRI) standing for
“2D-over time”, finally full 4D-visualization.Firstly performed for
a post mortem analysis, the 3D-approach refers to standard
clinical MRI protocols. For od-MRI, axial, coronal, or sagittal
cross-sections of moving eyes are scanned in near real time
with 5 mm slice thickness (TrueFISP sequence). For the 4Dapproach, a healthy volunteer sequentially (not yet real time)
moved the eyes' focus following a straight row of labelled

[]

119

O335

tissue movements during cardiac cycle, which could provide
insights into the biomechanical properties of the eye. These
promising results show that this instrument could eventually be
used for the study of the pathophysiolgy of different ocular
diseases.

STUDY OF OCULAR TISSUES DYNAMICS USING
FOURIER DOMAIN LOW COHERENCE INTERFEROMETRY
K. Singh1,2, C. Dion1,2, S. Costantino2,3, M. Wajszilber2, T.
Ozaki1,2, M. Lesk2,3
1

Acknowledgment: ML,TO AND MW have a patent on the
device. Funding from FRSQ

2

INRS, Varennes, Centre de Recherche de l'Hopital
Maisonneuve-Rosemont, 3Université de Montréal, Montreal,
QC, Canada

Reseau de Vision, FROUM, MDEIEQ and NSERC

Background: There is increasing evidence that the
biomechanical properties such as rigidity of the ocular tissues
may be involved in the development of glaucoma and other
ocular diseases. However, there currently exists no technique
with both sufficient time (100 msec) and spatial (sub-µm)
resolution to measure these biomechanical properties in vivo.
In this work, we demonstrate an optical system capable of
measuring in vivo the movements due to cardiac pulsations of
different ocular tissues, which are an indicator of the
biomechanical properties of the eye. We demonstrate the
performance of the instrument on a rat by measuring the
movement of the cornea and the retina.
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NOVEL FRIZZLED-4 GENE MUTATIONS IN CHINESE
PATIENTS WITH FAMILIAL EXUDATIVE
VITREORETINOPATHY
L. Jia, X. Li
Ophthalmology, Peking University People's Hospital, Beijing,
China
Purpose: Frizzled-4 (FZD4) gene was identified as a
causative gene for familial exudative vitroretinopathy (FEVR)
in Caucasian and Japanese populations. However, FZD4
mutations have not been reported in Chinese. In this study we
investigated the genotype and phenotypic features of Chinese
FEVR patients.

Method: The developed system is based on Fourier domain
low coherence interferometry (FD-LCI). A broadband light
source is used to illuminate both the eye and a fixed reference
surface. After recombining the reflected beams in a fiber
coupler, a diffraction grating spatially separates the different
wavelength components that form an interference pattern on a
photodetector array. Fourier analysis of the spectral
interference provides information on the relative position of the
reflective interfaces in the sample relative to the reference
surface. By tracking in real-time the variations in the
interference signal, the displacement of the eye tissue
interfaces is measured. To establish a relationship between
the eye movements and the cardiac pulsations, heartbeats are
simultaneously recorded using a custom-made oximeter.

Methods: Forty-eight Chinese patients with FEVR and 100
unrelated control subjects were recruited and complete
ophthalmic examinations performed. The whole FZD4 gene
was screened for mutations by polymerase chain reaction and
direct sequencing. Multiple sequence alignment was
conducted to evaluate the conservancy of residues among
different FZD4 homologs and human frizzled family.
Genotype-phenotype correlations were also analyzed.
Results: Totally twelve putative disease-causing mutations
were identified, nine of them novel: one deletion (P14fsX57),
one nonsense mutations (S491X) and seven missense
mutations (G22E, E180K, T237R, R253C, F328S, A339T and
D470N). Three reported FZD4 mutations were also detected:
H69Y, M105V and W496X. Remarkably, two patients, who
harbored compound heterozygous mutations (H69Y with
E180K or W496X), had a more severe ocular phenotype than
carriers of single H69Y mutation.

Results: Using this system, we measured the displacement of
the cornea and the retina produced by cardiac pulsations with
a displacement resolution of 400 nm at 100 Hz. The average
peak-to-peak amplitude values with standard deviation are
(3.7± 0.6) µm and (3.1 ± 0.7) µm for the retina and cornea,
respectively, as shown in Fig.1.

Conclusion: FZD4 mutations were responsible for 31.3%
(15/48) of Chinese FEVR patients in this study, similar to other
ethnic groups. This study supported the highly polymorphic
nature of FZD4 with a differential mutation profile in the
Chinese population.

Corneal Epithelial Biology
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REGULATION OF CORNEAL EPITHELIAL CELL- CELL
JUNCTIONS BY CDK5
A. Parthasarathy1,2, C. Gao1, S. Saravanamuthu1, B. Tripathi1,
P. Zelenka1
1

Laboratory of Molecular and Developmental Biology, National
Eye Institute, National Institutes of Health, Rockville, MD,
2
Dept. of Anatomy and Regenerative Biology and of
Ophthalmology, George Washington University Medical
School, Dictrict of Columbia, DC, USA

[Results]
It was also found that cornea and retina moves along the
same direction during systole and diastole.

Background and aims: Cdk5 and phosphorylated
Cdk5(pY15) co-immunoprecipitate with E-cadherin in confluent
cultures of human corneal limbal epithelial (HCLE) cells and

Conclusion: We have developed an optical system and
demonstrated its suitability for the measurement of the ocular
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colocalize with E-cadherin at cell-cell junctions. This study
investigates the functional significance of these observations.

miRNA in the corneal epithelium exhibits a broad range of
expression throughout the anterior segmental epithelia as well
as in many other stratified squamous epithelia. Most
importantly, we have demonstrated that miR-205 undergoes a
unique form of regulation through an interaction with the
corneal-preferred miR-184. This is the first demonstration that
one miRNA plays a major role as an antagonist of another and
highlights the distinctiveness of the corneal epithelium. We
successfully identified the lipid phosphatase SHIP2 as one of
the targets of miR-205 and observed that miR-205 functions to
enhance cell survival by working through the PI3K-Akt
signaling pathway. As the PI3K-Akt pathway has also been
implicated in regulating the actin cytoskeleton and cell motility,
we investigated the role that these two miRNAs play in
keratinocyte migration. We now identify miR-205 as a positive
regulator of epidermal and corneal epithelial keratinocyte
migration by altering F-actin organization and decreasing cellsubstrate adhesion. miR-205 also suppresses SHIP2 and we
show that such suppression decreases cell-substrate adhesion
and enhances migration. Furthermore, downregulation of miR205 results in an increase in RhoA-ROCKI activity, inactivation
of the actin severing protein cofilin and a corresponding
diminution of filamentous actin. The connection among miR205, RhoA-ROCKI-cofilin inactivation and the actin
cytoskeleton represents a novel post-translational mechanism
for the regulation of normal human keratinocyte migration. We
also demonstrate that suppression of miR-184 in corneal
epithelial keratinocytes enables miR-205 to inhibit SHIP2,
leading to an enhancement in Akt signaling and more rapid
cell migration. These findings suggest that miRNAs could be
used therapeutically to promote corneal epithelial wounding.
Specifically, topical application of an antagonist to miR-184
should “release” miR-205 to downregulate SHIP2, thereby
increasing cell migration and speeding the reepithelialization
process.

Methods: ACdk5-deficient human corneal limbal epithelial cell
line was generated by lentiviral transduction of small hairpin
RNA specific for Cdk5 (shCdk5-HCLE cells). Cell aggregations
were performed in the presence and absence of calcium and
particle size was measured using image analysis software.
Relative protein concentrations were measured by
immunoblotting and quantitative
densitometry. TIRF
microscopy was performed on cells transfected with GFPEcadherin or GFP-p120 and internalization of boundary
localized proteins was analyzed with particle tracking software.
The stab ility of surface-exposed proteins was determined by
measuring the recovery of biotin labeled proteins by affinity
chromatography immediately and after 4.5 h incubation.
Activity of Rho and Rac were measured by affinity
chromatography and immunoblotting.
Results: Calcium-dependent cell aggregation was reduced in
shCdk5-HCLE cells and in HCLE cells treated with the Cdk5
inhibitor, olomoucine, suggesting that Cdk5 inhibition reduces
junction formation. Olomoucine treated cells and shCdk5HCLE cells also showed reduced border localization of Ecadherin and reduced concentration of E-cadherin; in contrast,
border localization of p120 was not reduced and p120
concentration increased. TIRF microscopy coupled with livecell imaging and particle tracking showed that trafficking of
internalized GFP-E-cadherin was altered in shCdk5-HCLE
cells and olomoucine treated cells; trafficking of p120 did not
change, suggesting that p120 dissociated from E-cadherin
under these conditions. Inhibition of Cdk5 activity significantly
reduced the recovery of surfaced biotinylated E-cadherin,
indicating that Cdk5 inhibition increases degradation of Ecadherin. Increased degradation of E-cadherin was associated
with generation of a 29 kDa degradation product. Olomoucine
or shCdk5 also increased association of IQGAP with Ecadherin, decreased Rac activation, and increased Rho
activation, all of which are consistent with destabilization of
junctions containing E-cadherin. Since localization of p120 at
cell-cell junctions was not affected, we tested whether p120
might associate with some other cadherin. Indeed, shCdk5
and olomoucine induced expression of N-cadherin, which coimmunoprecipitated with p120. In addition, inhibition of Cdk5
activity in a lens epithelial cell line, which expresses primarily
N-cadherin, increased rather than decreased calciumdependent cell aggregation. Conclusions: These findings
indicate that Cdk5 promotes the stability of E-cadherin in
corneal epithelial cell-cell junctions and suggest that Cdk5 may
have differential effects on junctions containing E-cadherin and
N-cadherin.
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THE LOSS OF SYNDECAN-1 LEADS TO ALTERED SKIN
CANCER SUSCEPTIBILITY AND REDUCED RECURRENT
CORNEAL EROSIONS?
M.A. Stepp1, S. Pal-Ghosh2, G. Tadvalkar2, L. Rajjoub2, R.A.
Jurjus2, M. Gerdes3, C. Cataisson4, A. Shukal4, S.H. Yuspa4
1

Anatomy and Regenerative Biology, GWU Medical School,
Anatomy and Regenerative Biology, GWU Medical Center,
Washington, DC, 3GE Health Sciences, Albany, NY, 4National
Institutes of Health, National Cancer Institute, Bethesda, MD,
USA
2

Background and aims: Syndecan-1 (sdc-1) is a cell surface
proteoglycan that mediates the interaction of cells with their
matrix, influencing attachment, migration and response to
growth factors. The loss of sdc-1 delays wound healing in the
cornea and skin, reduces keratinocyte migration, and
increases TGFβ1 expression. The aim of this study is to
determine whether mice lacking sdc-1 had altered
susceptibility to skin cancer.
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THE ROLES THAT MICRORNAS-185 AND -205 PLAY IN
CORNEAL EPITHELIAL HOMEOSTASIS
R. Lavker1, D. Ryan2, J. Yu3, S. Getsios1, H. Peng1
1

Methods: In vivo skin painting was used to determine the
incidence of skin cancer in wt and sdc2 null mice. The role of
tumor promotion was further probed in vivo by treating the
backs of mice with the promoter TPA and looking at cell
proliferation and inflammation. Further studies were performed
using ras-transfected mouse keratinocytes and grafting of cells
onto the backs of nude mice.

2

Dermatology, Ophthalmology, Northwestern University,
Chicago, IL, USA, 3Biochemistry, Peking Union Medical
College, Beijing, China
MicroRNAs (miRNAs) are a family of endogenous, small RNAs
that acting as post-translational repressors, have been shown
to function in cell development, differentiation, migration, stem
cell regulation and the progression of cancer. Despite the
importance of these regulatory RNAs, little attention has been
directed towards characterizing miRNAs in the mammalian
ocular anterior segment. We have shown that miRNA-184
(miR-184) is special in that it is the most abundant miRNA in
the corneal epithelium and is not expressed in the limbal or
conjunctival epithelia. miR-205, the second most abundant

Results: In this study, we show that sdc-1 expression is
significantly reduced in basal cell, squamous cell, and
metastatic human skin cancers compared to normal human
skin. In experimental mouse skin tumor induction, compared to
wildtype (wt) BALB/c mice, papilloma formation in sdc-1 null
mice was reduced by 50% and the percent of papillomas
converting to squamous cell carcinoma (SCC) was enhanced.
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Sdc-1 expression on wildtype mouse papillomas decreased as
they converted to SCC. Papillomas forming on sdc-1 null mice
expressed suprabasal a3 and b4 integrins; suprabasal b4
integrin is a marker of a high risk for progression. While the
proliferative response to TPA did not differ among the
genotypes, sdc-1 null mice had an enhanced inflammatory
response and retained higher levels of total TGFb1 within their
skin after TPA treatment. Sdc-1 null keratinocytes, transduced
in vitro by oncogenic rasHa, expressed higher levels of b4
integrin and had enhanced pSmad2 signaling and reduced
senescence when compared to wildtype rasHA transduced
keratinocytes. When rasHA transduced cells of both
genotypes were grafted onto nude mice, null tumors converted
to SCC with higher frequency confirming the skin painting
experiments.

INTEGRIN GENE EXPRESSION DURING CORNEAL
WOUND HEALING: DUAL REGULATORY FUNCTIONS
PLAYED BY THE EXTRACELLULAR MATRIX
S. Guérin1,2, J. Lake1, M. Gaudreault1, S. Leclerc1, C. Duval1,
C. Salesse1,2
1

Unité de Recherche en Neurosciences, CHUQ, Pavillon
CHUL, 2Département d'Ophtalmologie, Faculté de Médecine,
Université Laval, Québec, QC, Canada
Damage to the cornea causes a rapid healing response that
also alters the composition of the corneal epithelial basement
membrane (BM), a specialized extracellular matrix (ECM)
constituted of collagen, laminin (LM), entactin, and heparin
sulfate proteoglycan. This ECM separates epithelial and
endothelial cells from the underlying connective tissue.
Besides the massive secretion of fibronectin (FN) that occurs
early during corneal wound healing, both collagen and LM are
also subjected to profound alterations during the entire repair
process. Indeed, as FN staining progressively diminishes in
the BM, secretion of LM increases to reach maximal
expression one week after corneal damage. Interestingly,
collagen disappears during the early steps of the wounding
process until the denuded area is completely covered, and
then sequentially reappears beneath the newly produced
epithelium. As the interaction between corneal epithelial cells
and their underlying ECM is a critical determinant for
successful repair of corneal wounds, it is expected that such
changes in the BM composition will also alter the adhesive and
migratory properties of these cells. Epithelial cell adhesion to
the corneal BM is ensured by integrins, a family of membrane
bound heterodimeric receptors, each being made up of an a
and a b subunit picked out among the reported 18 a and 8 b
subunits. Many integrin subunits have been reported to be
express by corneal epithelial cells. However, only the α5, α6,
α9 and β4 integrin subunits have been firmly documented to
seek their expression altered during the rapid changes in the
composition of the ECM that occur during corneal wound
healing. Over the past few years, we investigated how the
ECM components FN, collagen and LM may alter the
expression of the integrin subunits α5 and α6 at the gene
promoter level. While FN was found to positively regulate the
expression of the α5 and α6 genes in vitro, both LM and
collagen surprisingly repressed their transcription in corneal
epithelial cells. These divergent influences were found to rely
on the positive or negative regulatory action of transcription
factors whose DNA binding properties were also found to be
altered by the changes occurring in the composition of the
ECM during wound healing. Both α5 and α6 gene expression
is therefore likely dictated by subtle, ECM-dependent
alterations in the nuclear ratio of TFs that either repress (NFI)
or activate (Sp1 and AP-1) their transcription in corneal
epithelial cells. Here, we recapitulate the outcome of these
works.

Conclusions: These data indicate that sdc-1 is important both
early in the development of skin tumors and in progression of
skin cancers. The sdc-1 null mice experience delayed wound
healing, have fewer recurrent corneal erosions than wt mice,
and have fibroblasts that migrate faster and express more
aSMA than wt fibroblasts. These results, taken together,
suggest that sdc-1 plays roles in both wound healing and
cancer by impacting cell adhesion and signaling between
epithelial and mesenchymal cells.
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INTEGRIN Β6-NULL MICE EXHIBIT DEFECTIVE WOUND
REPAIR
J.D. Zieske, T. Blanco, A.E.K. Hutcheon
Department of Ophthalmology, Harvard Medical School,
Schepens Eye Research Institute, Boston, MA, USA
Background and aims: TGF-β has been shown to play a key
role in the healing process after corneal injury. Due to its high
potency, TGF-β is normally secreted in an inactive form. One
of the activators of TGF-β is αVβ6 integrin, which binds to the
latency associated peptide of TGF-β causing a shape change
in the TGF-β complex allowing binding and activation of the
TGF-β receptor. The aim of the present work was to evaluate
the role of αVβ6 during corneal repair in a knockout mouse
model.
Methods: Either a 1-mm full-thickness penetrating corneal
incision or a 2-mm superficial keratectomy were made in 129
SVE wild type (WT) mice and β6-null mice and allowed to heal
for up to 4 weeks. The pattern of corneal healing was
examined by slit lamp, transmission electron microscopy, and
light microscopy. In addition, indirect-immunofluorescence
microscopy and western blotting were used to evaluate
expression of αVβ6, smooth muscle actin (SMA), and laminin.
Results: After keratectomy, epithelial resurfacing was
significantly slowed in the null mice compared to WT. In
addition, restoration of the basement membrane was delayed
as indicated by laminin localization and TEM. No SMA was
observed after keratectomy in WT or β6-null mice. In the
incision wounds, the wound area of null mice was populated
only by epithelium and a minimal amount of new matrix in
contrast to WT, where the corneal integrity was fully restored.
Expression of laminin and SMA was greatly reduced in the β6null mice.

O342
HOMOZYGOUS DELETION OF CYTOSKELETAL
ASSOCIATED ADAPTOR PROTEIN, PDLIM2, IS
ASSOCIATED WITH STRUCTURAL ABNORMALITIES OF
CORNEAL EPITHELIA
C. Gao1, S. Saravanamuthu1, S. Tomarev1, Q. Pan1, M.
Grusby2, P. Zelenka1

Conclusions: The integrin αVβ6 appears to be a crucial
regulatory molecule in corneal wound repair. Epithelial
resurfacing, basement membrane restoration, stromal matrix
regeneration, and myofibroblast formation all appear to be
impaired in the β6-null mice. We hypothesize that this
impairment in healing is due to the lack of TGF-β activation.

1

LMDB, NEI/NIH, Rockville, MD, 2Department of Immunology
and Infectious Diseases, Harvard Medical School, School of
Public Health, Boston, MA, USA
Pdlim2, an E3 ubiquitin ligase, contains an N-terminal PDZ
motif and a C-terminal LIM domain. Studies have shown that
Pdlim2 is expressed at high levels in corneal epithelium and
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interacts with α-actinin, filamin A, myosin VI, and MYH9.
Furthermore, it is located at actin cytoskeleton and required for
epithelial migration. The present study was undertaken to
investigate Pdlim2 function in the cornea epithelium. By light
and electron microscopy, about 70% of Pdlim2 knockout (KO)
mice showed corneal abnormalities, including irregular
thickening of the epithelium, calcium deposits along basement
membrane, interruptions in the basement membrane, and
neovascularization at the stromal/epithelial interface. In
addition, KO mice had frequent corneal erosions. To explore
possible functions of Pdlim2 in the cornea, we compared the
corneal protein expression profiles of wild type and KO mice
by 2D differential fluorescence gel electrophoresis and
analyzed the results using a 2D quantification software. This
technique identified 39 spots with more than 2 fold differences.
Sequencing and functional annotation of 13 spots identified 43
proteins, with significant clustering in the categories of
cytoskeletal proteins and chaperones. Immunoblotting
confirmed a 2 to 5 fold increase in β-actin, destrin, β-tubulin,
stathmin 1, tubulin specific chaperone B, αA-crystallin, and αBcrystallin in KO mice. Examined by Q-PCR, the mRNA level of
all these proteins was unchanged, suggesting posttranscriptional regulation. GFP-Pdlim2 fusion protein is coimmunoprecipitated with a-actinin and actin from both
transfected corneal epithelial cells and corneal epithelial
extracts. Study with different domains of Pdlim2 indicates the
MID, PDZ, and LIM domains cooperate to link Pdlim2 to the
membrane myosin-actin cytoskeleton; while the MID domain
appear to be essential for cytoplasmic localization of Pdlim2.
TIRF (total internal reflectance fluorescence) microscopy and
immunofluorescence of transfected cells revealed that GFPPdlim2 localized to sites of cell-matrix adhesion and actin
attachment, and is involved in actin rearward flow. Together
these findings suggest a critical role for Pdlim2 as cytoskeletal
associated adaptor protein involved in maintaining the normal
structure, morphology, and integrity of the corneal epithelium.

mice and only 38% surviving in the WT control animals. Our
microarray analysis revealed that the crystallin network
(Templeton et al., 2009 BMC Neuroscience 10:90-) was upregulated in the MT mice and down-regulated in the WT
controls. Genes within this crystallin network include but are
not limited to: Cryaa, Cryab, Cryba1, Cryba2, Cryba4, Crybb1,
Crybb2, Crybb3, Crygb, Crygc, Crygn, Crygs, Grifin, Lim2, and
Mip.
Conclusion: These results support the hypothesis that the
upregulation of the crystallin network is neuroprotective.
Furthermore, it appears that we have identified an upstream
modulator of the crystallin network, Lipin1.
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SECRETION OF ΑB-CRYSTALLIN VIA EXOSOMES - A
PARADIGM FOR UNDERSTANDING RETINAL PIGMENT
EPITHELIAL CELL FUNCTION IN HEALTH AND DISEASE
S.P. Bhat, R.K. Gangalum, Z. Jing, J.Z. Lee
Ophthalmology, Jules Stein Eye Institute/UCLA, Los Angeles,
CA, USA
Alpha crystallins (αA and αB) are part of the normal human
Retinal Pigment Epithelial (RPE) cell proteome. αB-crystallin is
known as an intracellular small heat shock protein, which has
anti-aggregation properties. Its enhanced expression is
commonly associated with many neuro-degenerative disorders
e.g., Alzheimer's disease and multiple sclerosis. In the human
eye, elevated levels of this protein have been reported in the
extracellular proteo-lipid deposits known as “drusen”, the
clinical indicators of the imminent age-related macular
degeneration. Our aim is to understand αB-crystallin function
and regulation with emphasis on its role in RPE physiology.
We have previously shown that αB-crystallin is a Golgi
membrane associated protein in human adult retinal pigment
epithelial (ARPE19) cells in culture. Here we demonstrate that
αB-crystallin is secreted by ARPE-19 cells in culture (grown
with or without serum). This secretion is resistant to Brefeldin
A and a number of known classic inhibitors of ER - Golgi route
of protein export. Importantly, sucrose density gradient
analyses of the culture medium revealed that αB-crystallin is
secreted out as exosomes. Interestingly, we find that αBcrystallin is associated with detergent resistant membrane
microdomains (lipid rafts), which are known to be involved in
the biogenesis of exosomes. This is corroborated by the
observation that secretion of αB-crystallin is inhibited by
cholesterol depleting drug, methyl β cyclodextrin. These
studies were further elucidated by following the export of αBcrystallin tagged with Green Fluorescent Protein (turboGFP).
The demonstration of the unconventional secretion of αBcrystallin, a protein without a signal peptide, explains some of
the reported extracellular activities of this protein such as Tcell activation and inhibition of platelet aggregation. These
data also suggest that the presence of this protein in
extracellular deposits including the “drusen” may be the result
of pathological consequence of dysfunctional exosome
secretion. The expression of αB-crystallin and its function as a
secreted (exosome) protein, therefore, present an amenable
and potentially a very useful paradigm for understanding RPE
cell physiology in health and disease. Supported by NEI/NIH
grants to SPB.

Retinal Crystallins in Health and Disease
O343
MODULATION OF CRYSTALLIN NETWORK BY LIPIN1 IS
ASSOCIATED WITH NEUROPROTECTION IN THE MOUSE
RETINA
E. Geisert, J. Templeton, C. Abner, N. Anderson-Freeman
Ophthalmology, University of Tennessee, Health Science
Center, Memphis, TN, USA
Background and aims: In our ongoing efforts to define the
molecular networks modulating neuronal survival and the role
of the crystallin family of proteins. In the process of unraveling
the genetic network controlling crystalline expression in the
retina, we have identified an upstream candidate gene (Lpin1)
that appears to alter crystalline genetic networks which is
activated by optic nerve crush (ONC).
Methods: Using ONC as a model of retinal injury, we
examined the effects of a naturally occurring mutation in Lpin1
on ganglion cell survival. We counted the number of neurons
surviving 30 days after ONC in Lpin1 mutant mice (MT) and in
control wild-type mice (WT). For this portion of the study we
used 6 normal MT retinas along with 6 ONC MT retinas. These
were compared to counts from 5 normal WT retinas and 6
ONC WT retinas. We also studied changes in gene expression
using Illumina microarray systems, comparing the Lpin1 MT
with WT controls. The 6 groups (3 independent biological
samples in each) include normal retinas (MT and WT), retinas
2 days after ONC (MT and WT), and 5 days after ONC (MT
and WT).

O345
DIABETIC RETINOPATHY'S IMPACT ON CRYSTALLIN
PROTEIN FUNCTION AND REGULATION
P. Fort, M. Losiewicz, T. Gardner

Results: The mutation in Lpin1 provided significant
neuroprotection with 49% of the RGCs surviving in the MT

Ophthalmology, Penn State University; College of Medicine,
Hershey, PA, USA
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Aims: The goal of this study was to investigate the role and
regulation of the crystallin proteins in the retinal cells in relation
with stress such as diabetic retinopathy. We previously
demonstrated that several proteins of the crystallin protein
superfamily are expressed in the retina and that their
expression is strongly affected during diabetes. Despite
several reports, their basal function as well as the function of
their upregulation during diabetes remained unclear.

studies revealed increased accumulation of reactive oxygen
species (ROS) in cultured human RPE cells after NaIO3
treatment, and ROS were significantly increased in RPE after
αB-crystallin siRNA knock down. Increased RPE apoptosis
was found in low dose NaIO3-treated RPE after αB-crystallin
siRNA knock down; however, necrosis was minimal.
Upregulation of AKT phosphorylation and peroxisome
proliferator-activated receptor-γ (PPARγ) was found in NaIO3treated human RPE which was suppressed in αB-crystallin
siRNA knock down RPE cells.

Methods: iTRAQ and 2D-DIGE proteomic methods were used
to characterize the proteome modifications in the retinas of
diabetic mice and rats compared to their age-matched
controls. Changes were confimed using western-blot and
immunohistochemistry analysis, respectively, to determine
levels of protein expression and cellular localization. Protein
interactions were assessed using co-immunoprecipitation
methods followed by western-blots analysis. Cell death was
assessed using a Cell Death DNA fragmentation Elisa assay
or a caspases-3/7 activity assay. Further details regarding
alpha-crystallin protein function and regulation during diabetes
related stress were assessed using retinal neurons in culture.

Conclusions: Our data suggest that αB-crystallin plays a
critical role in protection of NaIO3 induced oxidative stress and
retinal degeneration in part through upregulation of AKT
phosphorylation and PPARγ expression.
Support: NIH Core grant EY03040, an institutional grant from
Research to Prevent Blindness, and the Arnold and Mabel
Beckman Foundation.
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Results: We demonstrated that the diabetes-induced crystallin
upregulation was among the largest and the most conserved
changes observed during diabetes since it is conserved across
different models, strains and species. We showed that the
interaction between alpha-crystallins and pro-apoptotic
proteins observed in retinal tissue from non-diabetic animals
was destabilized by diabetes and correlates with increased cell
death. We also demonstrated that retinal neuronal cells overexpressing alpha-crystallin proteins were protected from
diabetes related stress induced cell death. We showed that
this was related to decreased caspases-dependant apoptosis.

RETINAL CRYSTALLINS AND THEIR ROLE IN
REGENERATION OF GANGLION CELL AXONS
V. Prokosch, S. Thanos
Experimental Ophthalmology, University of Muenster,
Muenster, Germany
Objective: Intraocular crystallins have recently been
recognized as neural proteins besides beeing lens-specific
proteins. To that end, crystallins of the beta/gamma
superfamily play a crucial role concerning neuroprotective and
neurite-promoting activities. Recent observations showed that
both lenticular and retinal crystallins support regeneration of
ganglion cell axons in vitro and in vivo.

Conclusions: This study shows for the first time that crystallin
upregulation is one of the major and most conserved changes
observed during diabetes. It also demonstrated that the normal
function of alpha-crystallin in retinal cells is to prevent celldeath through interaction and inhibition of pro-apoptotic
proteins. This study suggest that control of the function of
alpha-crystallin could be a new therapeutic alternative for the
prevention of retinal cell death during diabetes and potentially
any retinal cell degeneration related disease.

Methods: In vitro and in vivo experiments on retinal crystallins
are presented. Adult retinal ganglion cells (RGCs), which can
regenerate their axons in vitro served as a model to examine
mechanisms of brain repair. 2D-gelectrophoresis, MALDI-Ms,
MALDI-TOF and immunohistochemistry was used to analyse
specific patterns.
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Results: Using regenerating retina tissue in culture and
proteomics including MALDI-MS and MALDI-TOF we have
discovered that the supernatants of cultured retinas contain
isoforms of crystallins, with crystallin beta-b2 (crybb2) being
clearly upregulated in the regenerating retina when compared
with controls. Immunohistochemistry revealed the expression
of crybb 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.
Besides of intraocular injections of beta and gamma
crystallins.

THE ROLE OF ALPHAB CRYSTALLIN IN EXPERIMENTAL
RETINAL DEGENERATION
D. Hinton1,2, P. Zhou1,2, R. Kannan1
1

Arnold and Mabel Beckman Macular Research Center,
Doheny Eye Institute, 2Pathology, Keck School of Medicine USC, Los Angeles, CA, USA
Background and aims: We have previously shown that there
is enhanced retinal degeneration after chemically induced
hypoxia with intravitreal cobalt chloride in αB-crystallin
knockout mice. The aim of the current study was to determine
the effect of αB-crystallin knockout on sodium iodate (NaIO3)induced retinal degeneration in mice.
Methods: Time and dose dependent effects of intravenous
NaIO3 (20-70 mg/kg for 3-21 days) on visual function
(electroretinogram), and retinal pigment epithelium (RPE) and
retinal neuronal loss (histology) were determined. Signaling
pathways involved were evaluated by Western blot of murine
posterior eye cups and in RPE after siRNA knock down of αBcrystallin in vitro.

Conclusion: These data are the first to show that axonal
regeneration is related to crystallins. The results suggest that
neuronal crystallins constitute a novel class of neuritepromoting factors that likely operate through an autocrine
mechanism, and that they could be used for treatment in
neurodegenerative diseases.

Results: NaIO3 caused a time-dependent decrease in a and b
waves in the electroretinogram and progressive retinal
degeneration. Absence of αB-crystallin accelerated and
augmented the retinal degeneration in NaIO3-treated mice and
was associated with increased retinal cell apoptosis. In vitro
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In the past two decades there has been a major effort to
understand the function and structure of alpha-crystallin. Being
a key member of the small heat shock protein family, alphacrystallin is currently of great interest to many researchers in
various fields. In the eye lens where the alpha A gene
products are highly expressed the function of alpha-crystallin,
its expression, effects of post-translational modification, as
well as the effects of various mutations has been extensively
studied. Outside the eye lens the alpha B gene product is the
predominant
one,
and
its involvement in many
neurodegenerative diseases is not yet understood. More
recently, alpha B crystallins was shown to be a potential
marker for breast cancer patients.

OXIDATIVE AND PROTEOMIC ALTERATIONS IN A RAT
MODEL OF SMITH-LEMLI-OPITZ SYNDROME, AND THE
EFFECTS OF A HIGH-CHOLESTEROL DIET
S.J. Fliesler1, L.G. Sheflin1, J.E. Young1, R.J. Kapphahn2,
D.A. Ferrington2
1

Research Service- Ophthalmology, VAWNYHS and SUNYUB, Buffalo, NY, 2Ophthalmology, University of Minnesota,
Minneapolis, MN, USA
Background and aims: We assessed the types and relative
amounts of oxidative modification of proteins in retina and
serum in a rat model of Smith-Lemli-Opitz syndrome (SLOS)
and the impact thereon of a high-cholesterol diet, vs. controls.

In spite of major efforts by various researchers to solve the 3dimensional structure of alpha-crystallin, we still don't have a
complete picture of its tertiary and quaternary structure. The
major culprit has been the innate polydisperse nature of the
alpha-crystallins.
However,
studies
using
electron
paramagnetic resonance spectroscopy coupled with sitedirected spin labeling, MNR, and crystallographic studies on
truncated forms of alpha A and alpha B are starting to give us
a better picture of these important proteins.

Methods: Sprague-Dawley rats were treated with AY9944
(Fliesler et al, Arch. Ophthalmol. 122:1190, 2004); a subgroup
was fed a high (2%, by wt)-cholesterol diet (HC) post-weaning.
Untreated, age-matched rats served as controls. Retinas and
serum were collected at 1, 2, and 3 mo of age, flash frozen in
liquid nitrogen, and were either subjected to proteomic
analysis (2D IEF/SDS-PAGE, silver staining/quantitative
densitometry, and MS analysis) or analyzed by quantitative
immuno-slot blot, probing with antibodies raised against 4hydroxynonenal (HNE), carboxyethylpyrrole (CEP), and
nitrotyrosine (NTyr). Sera were also analyzed by 1D SDSPAGE/Western blot.

O350
DESTABILIZED ALPHA-CRYSTALLIN ASSEMBLY AND
FUNCTION
S. Finet1, F. Skouri-Panet1, C. Férard1, E. Duprat1, M. Michiel2,
A. Tardieu1

Results: Several (16 of 139 analyzed) 2D-gel spots were
significantly enhanced, while 5 were minimal/absent in retinas
from SLOS rats, vs. controls. Three of the enhanced spots (aA
and aB crystallins and peroxiredoxin 6) are known oxidative
stress markers. HNE modification of retinal proteins was >15fold higher at 3 mo in SLOS rats vs. controls, but showed no
differences at 1 or 2 mo; the HC diet caused significant (3.8fold) reduction in HNE modification of retinal proteins at 3 mo.
CEP modification of retinal proteins was greater at 1, 2, and 3
mo in SLOS rats vs. controls, but showed no age dependence
or HC diet effect. Both SLOS and control rats exhibited agedependent increase in NTyr modification of retinal proteins, but
were not different from one another at the same age; HC diet
reduced NTyr levels ~2-fold. SLOS rats exhibited increased
HNE modification of three serum proteins: Mr ~120 kDa
(120%), ~80 kDa (35%), and ~37 kDa (55%), relative to
controls; HC diet decreased HNE modification of these
proteins (by 28%, 19% and 14%, respectively).

1

Structural and Functional Biology, IMPMC - CNRS - Univ.
Paris 6, Paris, 2Institut de Génomique, CEA, CNRS, Université
d'Evry Val d'Essonne, Evry, France
Background and aims: Cataracts remain the leading cause
of vision impairment in the least developed regions in the
world and are responsible of the half of the total blindness
worldwide. Cataracts, age-related or not, are generally a result
of the denaturation 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. Alpha-crystallin, one of the major proteins in the
eye lens, exhibits an exceptional stability in time (the lens
cellular components have to stand all the life). As a member of
the small heat shock protein (sHSP) family, its 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.

Conclusions: Disrupting cholesterol biosynthesis, as occurs
in SLOS, alters the retinal proteome, including increased
oxidative modification and up-regulation of oxidative stress
markers. Some modifications (HNE, NTyr) exhibit agedependence and are decreased by a HC diet, while CEP
levels show no age-dependence and unaffected by a HC diet.
A cohort of serum proteins may serve as biomarkers of
oxidative stress. Hence, dietary cholesterol supplementation
has pleiotropic (and potentially beneficial) effects beyond
cholesterol homeostasis.

Alpha-crystallin forms large, soluble (but polydisperse in
mammals) hetero-oligomers (around 40 subunits) composed
by alphaA and alphaB subunits. Although their sequence
similarity, alphaA is lens specific whereas alphaB is also found
in other tissues (muscle, heart, lung …). The aim of this study
was to compare the different functional/dysfunctional
assemblies (homo and hetero-oligomers) in order to
understand the critical parameters between similar sequences
but possible different tissue/cellular localization, which may
reflect a different activity.

[Support: NEI/NIH (EY007361, EY EY014176), RPB, and VA.]

Crystallin Function

J. Horwitz

Methods: Biochemical and biophysical techniques were
complementarily
used
to
compare
the
behavior
(structure/function)
of
the
different
alpha-crystallins.
Recombinant proteins, either native or mutant, were produced
and purified by chromatography (FPLC). Dynamic / static light
scattering, small-angle X-ray scattering and cryo-microscopy
were combined to analyze the alpha-crystallin assembly and
function.

Jules Stein Eye Institute, University of California, Los Angeles,
CA, USA

Results: We have previously showed a direct correlation
between
the
modified
structure,
the
cellular
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RECENT ADVANCES IN THE STRUCTURE AND
FUNCTION OF ALPHA-CRYSTALLIN
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1

localization/aggregation, and the loss of chaperone-like activity
for the native alphaB-crystallin and the pathological R120G
mutant (Simon et al, 2007; Michiel et al, 2009). These studies
were extended to other family members, as alphaA-crystallins.
Furthermore, new preparation conditions were recently
explored in order to find less polydisperse assemblies,
obtained for the first time for mammal alpha-crystallin (as
monitored by the DLS polydispersity reduction from 25% to
12%), and corresponding to smaller assemblies.

Ophthalmic Genetics and Visual Function Branch, NEI/NIH,
Protein Expression Laboratory, NIAMS/NIH, Bethesda, MD,
USA
2

Background and aims: βγ-Crystallins are the major protein
components of the eye lens and have conserved structures
which include: N- and C-terminal extensions of variable length
and unknown function, and two β-structural globular domains
with a high sequence similarity within a protein family.
Structural studies have shown that γ-crystallins form compact
monomeric structures in a so called “closed conformation” and
that β-crystallins associate into homo- and heterodimers with
monomers in either 'closed' or 'open' conformations. The
association of βγ-crystallins into stable higher order homo- and
hetero-associates is critical for lens clarity and refraction and
overall defines the quality of human vision. Lens protein
stability is compromised by pathogenic mutations, ageing
processes and other factors, which enhance association of
βA3-, βB1- and βB2-crystallins to form insoluble aggregates
and cataract. The aim of this study is to understand the driving
forces and energetics of hetero-oligomer association in the
human lens.

Conclusions: These results allow us to gain into the structural
organization, going deeper in the understanding of the
relationship between the dynamic assembly and the
chaperone-like activity of alpha-crystallins, in relation with the
loss or the maintaining of the lens transparency.
O351
THE MECHANISM OF ALPHA-CRYSTALLIN CHAPERONE
ACTION AGAINST AMYLOID FIBRIL-FORMING PROTEINS
J. Carver

Methods: Interactions of wild type and modified crystallins
were studied using site-directed mutagenesis, liquid
chromatography, analytical ultracentrifugation, isothermal
titration calorimetry, and molecular modeling.

School of Chemistry & Physics, The University of Adelaide,
Adelaide, SA, Australia
Alpha-crystallin is the major lens protein where it has a
structural role in ensuring proper lens transparency and a
functional role in acting as a molecular chaperone to prevent
the aggregation and precipitation of the crystallin proteins.
Alpha-crystallin is composed of two related subunits, A and B.
AlphaA- and alphaB-crystallin are members of the small heatshock protein family of molecular chaperones. Outside the
lens, alphaB-crystallin is found in significant levels in a wide
range of tissues where it has a chaperone role to prevent the
unfolding and aggregation of other (target) proteins,
particularly under conditions of cellular stress, e.g. elevated
temperature. alphaB-crystallin is also found associated with
the deposits that are characteristic of many diseases of protein
misfolding and aggregation, e.g. Alzheimer's and Parkinson's.
In these diseases, the deposits are amyloid fibril in form in
which the proteins exist in an extended cross b-sheet
conformation arranged into long fibrils up to mm in length.

Results: All three β-crystallins demonstrate fast reversible
monomer-dimer equilibria. In addition, βA3- and βB2crystallins have a tendency to form tighter dimers at higher
temperatures: this suggests entropic control of dimer formation
mediated by hydrophobic interactions. Further detail from
modeling indicates that monomeric protein is in rapid
equilibrium between two conformational states prior to dimer
association. In contrast, hetero-molecular associations of βA3and βB1-crystallins, are best described as hetero-dimer tetramer systems: interactions are mediated by N-terminal
extensions and controlled by enthalpy effects. This also
indicates involvement of Van-der-Waals and polar forces at
the interaction surface of heterotetramer.
Conclusions: The forces affecting protein-protein interactions
in homo- and hetero-oligomers association maintain a free
energy landscape of βγ-crystallin associations in the lens.

AlphaB-crystallin is a potent molecular chaperone in
preventing the aggregation and precipitation of target proteins
that are aggregating amorphously or to form amyloid fibrils,
particularly under conditions of slow target protein
aggregation. Specific details concerning the mechanism of
chaperone action are not known nor whether there are
differences in the mechanism of alphaB-crystallin chaperone
action against amorphously aggregating or fibril-forming target
proteins. For example, it is not known whether alphaBcrystallin interacts with species early along the fibril-forming
pathway and/or fully formed fibrillar species.

O353
CHANGES IN LOCAL STRUCTURE AND SUBUNIT
INTERACTIONS OF BETA-CRYSTALLINS DUE TO
DEAMIDATION DETECTED BY HYDROGEN-DEUTERIUM
EXCHANGE WITH MASS SPECTROMETRY
K. Lampi1, T. Takata1, L. David2, J. Smith1
1

Integrative Biosciences, 2Biochemistry and Molecular Biology,
Oregon Health & Science University, Portland, OR, USA

In this presentation, aspects of our research investigating the
interaction of alphaB-crystallin with fibril-forming target
proteins will be discussed. The research utilizes a wide range
of spectroscopic, biophysical, protein chemical and cell
biological techniques.

Aims: Little is known about what triggers protein aggregation
and precipitation in the lens during normal aging and cataract
formation. Deamidation, one of the most prevalent age-related
modifications, has been reported to decrease stability, change
global structure, and alter crystallin interactions. The aim of
this study was to determine the effect of deamidation on local
structure of beta-crystallins and on their associations.

[Supported by grants from the Australian Research Council
and National Health & Medical Research Council of Australia.]

Methods: Deamidation was mimicked in βB2- and βA3crystallin by replacing the interface glutamic acids for
glutamines. Hydrogen/deuterium exchange coupled to electro
spray ionization source mass spectrometry (HDMS) was used
to determine peptide backbone dynamics of wild type (WT) βcrystallins versus the deamidated mutants. Next, with βB1crystallin as the partner subunit, interaction sites with βA3
were indentified.

O352
EYE LENS PROTEINS: THE ENERGETICS OF HOMO AND
HETERO-ASSOCIATION OF THE ΒΓ-CRYSTALLINS
Y. Sergeev1, M. Dolinska1, P. Wingfield2
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Nt-HGD respectively. Moreover, the markedly higher surfacehydrophobicity of Nt-P23T compared to Nt-HGD is qualitatively
comparable to that of the corresponding intact proteins.
Interestingly, both bis-ANS (with two electrostatic charges),
and Nile Red (neutral) yield similar results suggesting that
electrostatic interactions do not play a significant role in
protein-dye interactions. Furthermore, Nt-P23T readily
aggregates at neutral pH and the longer the aggregation
proceeds, the lower the fluorescence and the amount of dye
bound to the protein. These data clearly demonstrate that both
dyes bind to the same hydrophobic patches on P23T that lead
to its self-association and lowered solubility.

Results: In WT βB2, only about 20% of the backbone amide
hydrogen was exchanged, suggesting an overall low
accessibility of βB2 in solution. This is consistent with a tightly
packed domain structure observed in the crystal structure.
Deuterium levels were initially greater in N-terminal domain (Ntd) peptides than in homologous peptides in the C-terminal
domain (C-td). The more rapid incorporation suggests a
greater solvent accessibility of the N-td. Solvent accessibility in
WT βA3 was similar for both N-td and C-td.
Levels of deuterium incorporation differed in specific peptides
between WT and deamidated mutants. For example,
mimicking deamidation at Q70 in βB2 increased incorporation
in the interface peptides of the C-td, while decreasing
incorporation elsewhere.

Conclusions: These results, along with our published data,
provide compelling evidence that hydrophobic interactions
mainly in the N-terminal domain of P23T are primarily
responsible for its lowered and retrograde solubility.

In the βA3/βB1 hetero-dimer, peptides 49-85 and 149-161 of
βA3 were had less deuterium incorporation and were therefore
protected suggestive of interaction sites.

Axonic Regeneration

Conclusions: The highly sensitive HDMS methods used here
detected local structural changes that had not been previously
identified and provide a potential mechanism for the
associated decrease in stability due to deamidation.
Furthermore, structural changes distant from the site of
modification suggested even subtle changes due to
deamidation could be transferred elsewhere in the protein and
potentially alter protein-protein interactions. The large
accumulation of deamidation may, thus, compromise the
function of the lens during normal aging and cataracts.

O355
KLF TRANSCRIPTION FACTORS AND THEIR ROLE IN
AXON REGENERATION
D. Moore1, M. Blackmore2, Y. Hu1, J. Bixby2, V. Lemmon2, J.
Goldberg1
1

Bascom Palmer Eye Institute, 2Miami Project to Cure
Paralysis, University of Miami, Miami, FL, USA
Why do CNS neurons fail to regenerate after injury? Retinal
ganglion cells (RGCs), a type of CNS neuron, lose their
intrinsic axon growth ability during development such that
embryonic RGCs can regenerate their axons after injury while
adult neurons cannot. To determine the molecular basis for
this loss, developmentally regulated genes in RGCs were
screened in embryonic primary neurons for their effect on axon
outgrowth. Overexpression of the transcription factor Krüppellike factor 4 (KLF4) led to a dramatic decrease in neurite
growth in hippocampal and cortical neurons, and RGCs.
Knockdown of KLF4 in RGCs increased neurite outgrowth in
vitro and increased axon regeneration after optic nerve crush
in vivo. KLF4 expression increases around the time of birth,
the time when RGCs lose their intrinsic axon growth ability.
KLF4 is one of 17 members of the KLF family of transcription
factors, and 15 of the 17 KLFs are expressed in RGCs.
Overexpression of these KLF family members in primary
neurons leads to differential effects on neurite outgrowth which
can be correlated with their structural subfamilies. Additionally,
many of the family members are developmentally regulated in
a manner that typically correlates with their ability to affect
neurite growth. For example, KLF6 and -7, whose expression
decreases during development, when overexpressed, increase
neurite growth, whereas KLF9, whose expression increases
developmentally, when overexpressed, decreases neurite
growth. Taken together, these data suggest that the KLF
family of transcription factors may play an important role in the
developmental loss of intrinsic axon growth ability in RGCs.

O354
INCREASED SURFACE-HYDROPHOBICITY IN THE NTERMINAL DOMAIN OF P23T, THE CATARACTASSOCIATED MUTANT OF HUMAN GAMMA DCRYSTALLIN, LEADS TO ITS LOWERED SOLUBILITY
A. Pande, K. Ghosh, P.R. Banerjee, J. Pande
Department of Chemistry, University at Albany, State
University of New York, Albany, NY, USA
Background and aims: The cataract-associated P23T
mutation in human Gamma D-crystallin (HGD) is
geographically widespread. We showed earlier that not only is
the solubility of this mutant protein severely compromised
relative to HGD, but it is also retrograde (i.e. solubility
increases upon lowering temperature). Interestingly, as with
other cataract-associated mutants we have examined, the
structure of P23T is only minimally perturbed. Using NMR
spectroscopy we recently showed that these minor structural
changes were largely localized in the N-terminal domain.
Based on 3D-modeling studies we hypothesized that these
changes could induce hydrophobic patches on the surface of
the N-terminal domain. In order to substantiate our hypothesis,
we have now explored directly, the issue of these surfacehydrophobicity changes using extrinsic fluorescent probes.
Methods: Two extrinsic fluorescent dyes were used to
determine surface-hydrophobicity: bis-ANS (charged) and Nile
Red (neutral). Protein-dye interactions were studied at various
protein/dye ratios. The N-terminal domains of HGD (Nt-HGD)
and P23T (Nt-P23T) consisting of residues 1-82, were
expressed and purified without histidine or other tags. Circular
dichroism (CD) was used to compare the secondary structures
of the isolated protein domains. Static and Dynamic light
scattering techniques were used to determine the scattering
intensity and hydrodynamic radii of the domains.

O356
MULTIPLE RGMA PROTEINS HAMPER RETINAL
GANGLION CELL REGENERATION
N. Tassew, P. Monnier
Genetics and Development, Toronto Western Research
Institute, Toronto, ON, Canada

Results: Fluorescence data with both dyes clearly show that
the surface hydrophobicity of these proteins is inversely
correlated with their solubility. Both P23T and Nt-P23T show a
significantly higher surface-hydrophobicity relative to HGD and

After optic nerve injuries, retinal ganglion cells regenerate
poorly. This poor regeneration is associated with extracellular
components of the central nervous system. For instance,
negative matrix and membrane proteins hamper retinal
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ganglion cell regeneration after injuries. We have recently
shown that Repulsive Guidance Molecule (RGMa) is a major
impediment to retinal axon outgrowth. Several studies
demonstrate that RGMa is increased following CNS injuries
and that it inhibits regeneration. However, these studies did
not clearly identify the RGMa peptides that hamper
regeneration. Post-translational modifications could amplify
protein activity and the resulting inhibition, but the degree to
which they are employed is unclear. To address this question
we studied RGMa processing in the CNS as well as its effect
on growing retinal ganglion cell axons. Here, we show that
three cleavage-sites combined with a disulphide-bridge
generate four membrane-bound and three soluble RGMa
proteins. Cleavage is essential for Neogenin-mediated
outgrowth inhibition. Surprisingly, despite no sequence
homology, N- and C-RGMa fragments bound Neogenin and
blocked retinal axon outgrowth in vitro and in vivo with distinct
potencies. This represents the first example in which unrelated
fragments from one molecule inhibit outgrowth through a
single receptor. RGMa, like ephrins, was viewed as a tethered,
membrane bound molecule. Extensive proteolytic processing
amplifies RGMa diversity creating soluble versions with longrange effects. These data also indicate that treatments aiming
at promoting retinal axon regeneration should target N- and CRGMa fragments for better outcome.

apoptosis and promote neurite regeneration in retinas cultured
HGM by inhibiting caspase-9 and -3 activation.
Acknowledgements: This study is supported by a Grant-in
Aid from The Eye Research Foundation for the Aged and a
Grant-in Aid from the Ministry of Education, Science, and
Culture of the Japanese Government.
O358
ROLE OF CASPASE-6 IN RETINAL GANGLION CELL
APOPTOSIS AND REGENERATION
P.D. Koeberle
Surgery, University of Toronto, Toronto, ON, Canada
Caspases comprise a family of cysteine proteases that are
involved in regulating programmed cell death (apoptosis). The
caspase family has classically been subdivided into the
upstream “initiator” caspases (caspase-1, -2, -4, -5, -8, -9, -10,
-11, -12), and downstream “executioner” or effector caspases
(caspase-3, -6, -7, -14). All caspases, synthesized initially as
zymogens, require allosteric conformational changes for their
activation. Following activation caspases proteolytically
degrade intracellular proteins and activate additional
caspases, contributing to the apoptotic program. While
caspase-3 and Bax are required for neuronal cell body
degeneration during developmental apoptotic pruning, it was
initially thought that axonal degeneration was caspaseindependent. However, it has recently been shown that Bax
along with caspase-6, are required for axonal degeneration in
neurons in vitro.

O357
NEUROPROTECTIVE AND REGENERATIVE EFFECT OF
BDNF, NT-4, AND CITICOLINE IN RAT RETINAS EXPOSED
TO HIGH-GLUCOSE
T. Oshitari, N. Yoshida-Hata, S. Yamamoto

We examined the role of caspase-6 in the degeneration of
injured adult mammalian retinal ganglion cells (RGCs) in vivo.
Transection of the optic nerve (axotomy) results in the
apoptotic death of 90% of injured RGCs within 14 days
postaxotomy. RGCs can be retrogradely labeled to quantify
cell survival after injury and the vitreous chamber of the eye
acts as a capsule for drug delivery to the retina, permitting
experimental manipulations via intraocular injections.
Following axotomy, we delivered intraocular injections of four
different caspase-inhibitors in order to compare cell survival
between several treatments. Caspase-6 inhibition via
intraocular delivery of Z-VEID-FMK or a Sulfonamide Isatin
Michael Acceptor (SIMA) significantly increased axotomized
RGC survival at 14 days postaxotomy, compared to controls.
RGC survival after caspase-6 inhibition was similar to that
observed following caspase-9 inhibition by Z-LEHD-FMK or
pan-caspase inhibition by Z-VAD-FMK.

Ophthalmology and Visual Science, Chiba University Graduate
School of Medicine, Chiba, Japan
Background and aims: Not only vascular abnormalities but
also neuronal abnormalities such as retinal ganglion cell
(RGC) death are associated with the pathogenesis of diabetic
retinopathy. This is important because once RGCs die by
apoptosis, visual function cannot be recovered because retinal
neurons do not regenerate. The goal of this study is to
investigate the effect of brain-derived neurotrophic factor
(BDNF), neurotrophin-4 (NT-4), and citicoline on neuronal
apoptosis and neurite regeneration in cultured rat retinas
exposed to high glucose (HG).
Methods: Six adult Sprague-Dawley rats were studied. After
the rats were killed, the retinas were isolated and cultured in
serum-free medium. One group of explants was cultured in
normal glucose (NG) and another group in HG medium
(HGM). BDNF, NT-4, or citicoline were added to the HGM.
After 7 days, the number of regenerating neurites was
counted. Then, the explants were fixed, cryosectioned, and
stained by TdT-dUTP terminal nick-end labeling (TUNEL), and
also by immnostaining for the active-forms of caspase-9 and 3.

We next examined the effects of caspase-6 inhibition on
axonal regeneration following optic nerve crush. At 21 days
after optic nerve crush and Z-VEID-FMK treatment, sectioned
optic nerves showed evidence of axonal regeneration through
the crush site. Growth Associated Protein (GAP-43) positive
axons extended up to 1 mm beyond the lesion site in Z-VEIDFMK treated retinas, whereas we did not observe any axonal
regeneration in control animals following optic nerve crush.

Results: The numbers of TUNEL-positive and caspase-9 and
-3-immunopositive cells in the ganglion cell layer (GCL) were
significantly higher and the number of regenerating neurites
were significantly lower in retinas cultured in HGM than in NG
medium. Retinas incubated in HGM supplemented with BDNF,
NT-4, citicoline had significantly lower numbers of TUNELpositive and caspase-9 and -3-immunopositive cells in the
GCL and the numbers of regenerating neurites were
significantly higher than in HGM without these factors. The
translocation of active-form of caspase-9 from the cytosol into
nucleus was observed in cultured retinas.

Our findings suggest that caspase-6 plays a role in both
apoptotic cell death and the failure of axonal regeneration in
injured adult RGCs. Caspase-6 inhibition has potential as a
therapeutic intervention for visual diseases such as glaucoma.
O359
CADHERIN-MEDIATED SYNAPTIC ADHESION CONTROLS
RGC AXON ARBOR REFINEMENT IN DEVELOPMENT

Conclusions: HG is a biochemical injury and enhances
neuronal apoptosis and impedes neurite regeneration in
cultured rat retinas. BDNF, NT-4, and citicoline reduces

A. Tavakoli, A. Schohl, E. Ruthazer
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Retinal ganglion cell (RGC) axon arbors in the developing
optic tectum refine through an activity-dependent process of
dynamic branch remodeling. The cadherin family of synaptic
adhesion molecules is a candidate for mediating selective
stabilization and elaboration of RGC axons due to its
localization to perisynaptic sites and its modifiability by neural
activity. Using two-photon in vivo time-lapse imaging of
Xenopus laevis RGC axons, we found that axons expressing
dominant negative N-cadherin (N-cadΔE) became less
elaborate than controls over three days of daily live imaging.
This was not due to reduced branch motility, as shorter interval
time-lapse imaging revealed that N-cadΔE expression
increased the overall fraction of dynamic branches per axon,
but with fewer becoming stabilized over time. A time-lapse
analysis of synaptophysin-GFP (Syp-GFP) labeled presynaptic
sites confirmed previous results that retracting branch tips are
halted at sites of high Syp-GPF accumulation, presumably
corresponding to mature synapses. In contrast, N-cadΔE
expressing axons were far more likely to retract through bright
Syp- GFP puncta, implying an impairment of the ability of
synapses to stabilize axonal structure. We conclude that
synaptic Cadherin signaling stabilizes axonal branches at
mature synaptic sites in vivo, thereby regulating local
remodeling of the developing RGC axon arbor.

Cilia are microtubule based structures that protrude from
almost all eukaryotic cells, including photoreceptors. As
“sensory antennae,” vertebrate photoreceptors rely on a
modified sensory cilia (i.e. the outer segment) for function.
Mutations affecting cilia biogenesis or function cause a
spectrum of symptoms frequently observed in several
hereditary diseases known as ciliopathies. Such diseases
include Bardet Biedl Syndrome (BBS), Senor Loken
Syndrome, Meckel-Gruber Syndrome, and Jeune Asphyxiating
Thoracic Dystrophy. Cilia biogenesis requires Intraflagellar
Transport (IFT) to build and maintain the microtubule
axoneme. IFT refers to the bidirectional movement of IFT
particles along the axoneme. IFT particles are composed of at
least 17 distinct IFT proteins. The molecular motors kinesin-II
and cytoplasmic dynein 2 control anterograde and retrograde
movement, respectively. In photoreceptors, IFT is essential for
outer segment formation and maintenance. To better
understand the process of IFT on vertebrate photoreceptors,
we characterized zebrafish lacking either anterograde or
retrograde IFT function. Animals lacking ift57, ift88, or ift80
function exhibit defects in photoreceptor outer segment
formation, and photoreceptor death. Staining with opsin
antibodies revealed opsin mislocalization in both rods and
cones. Ultrastructural analysis showed abnormal disk stacking
and shortened or missing photoreceptor outer segments.
Similarly, morpholino injection against components of the
cytoplasmic dynein-2 complex results in shortened outer
segments and accumulation of IFT material within the
connecting cilium. Taken together, this presentation will
highlight recent advances in understanding the role of both
anterograde and retrograde transport in photoreceptor
survival.

Development of New Models for Ocular
Diseases
O360
IDENTIFICATION AND CHARACTERIZATION OF A NOVEL
GENETIC MOUSE MODEL OF RETINAL
NEOVASCULARIZATION
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N. Haider1,2
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MODELING COMPLEX GLAUCOMA-ASSOCIATED
PHENOTYPES IN ZEBRAFISH

2

Genetics, Cell Biology, and Anatomy, Ophthalmology and
Visual Sciences, University of Nebraska Medical Center,
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B. Link
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Retinal vasculature abnormalities are common pathological
features associated with debilitating vision loss diseases such
as age-related macular degeneration, diabetic retinopathy,
retinopathy of prematurity in children, as well as secondarily in
other retinopathies. Abnormal neovascularization, and
appearance of weak, leaky vessels are found in many
retinopathies and can lead to irreversible damage the neural
layers of the retina. We identified and characterized a novel
genetic mouse model of neovascularization. This genetic
model for neovascularization in the retina has a semi-dominant
mode
of
inheritance
characterized.
Initial
clinical
characterization by indirect ophthalmoscopy reveals cotton
wool spotting and attenuated vessels apparent at eye opening.
Histological characterization by hematoxylin and eosin staining
shows vessel protrusion from the ganglion cell layer of the
retina into the vitreous. Further immunohistochemical analysis
of retinal vasculature using flat mounted retinas show the
mutant retinas have fewer main branches and the vessels that
are thinner and appear to disintegrate and dissipate. The
mutation has been genetically mapped to a 1.0 megabase
(Mb) region on chromosome 9.

The glaucomas are a group of vision impairing diseases
characterized by optic nerve damage and retinal ganglion cell
death. They are frequently associated with elevated intraocular
pressure (IOP), most typically affect aged individuals, and can
be associated with myopia. We are currently conducting a
genetic screen in zebrafish to identify mutants that result in
glaucoma-associated phenotypes such as anterior segment
dysgenesis, elevated IOP, myopia, optic nerve damage and/or
retinal ganglion cell death. I will describe this genetic screen
and discuss detailed characterization of one mutant that
shows multiple glaucoma-associated phenotypes.
O363
STUDYING ISCHEMIC OPTIC NEUROPATHY IN ANIMAL
MODELS
J. Goldberg, Y. Duan, W. Kong, B. Watson, Y. Hu
Bascom Palmer Eye Institute University of Miami, Miami, FL,
USA
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Objective: To generate a clinically relevant rat model of
posterior ischemic optic neuropathy (PION) using
photochemical induced ischemic approach (PCI).

ANTEROGRADE AND RETROGRADE INTRAFLAGELLAR
TRANSPORT IS ESSENTIAL FOR PHOTORECEPTOR
SURVIVAL

Methods: PION was induced in adult Sprague-Dawley rats by
illuminating the exposed optic nerve with an Argon Laser
immediately after intravenous injection of erythrosine B (ErB).
The integrity of the circulation to the retina and optic nerve was

B. Perkins
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examined by Evans blue extravasation and DiA labeling of
endothelium at 1 h and 7 days after PCI induction,
respectively. RGC survival at different time points after PCI
induction was quantified by counting the number of retrograde
labeled RGCs in flat mount retinas. The histology and
immunohistochemistry were carried out at 3 weeks after PCI
induction.

improves the retinal function in ND4 mice (determined by
PERG) and promote neurite outgrowth in the cultured cells.
Conclusion: We have found hypo-deimination of retinal
ganglion cell layer and significant decrease in inner retinal
function in ND4 multiple sclerosis mice. Restoration of
deimination appears to improve retinal function in the ND4
mice and promote neurite outgrowth in the cells.

Results: We found that there was a local leakage of evans
blue from the vessel and disruption of DiA labeled vessels in
the lesion area with normal perfusion to the retina 1 h after
PCI; No vessel damage was observed at seven days after
PCI. Up to 60% RGCs die four weeks after photochemical
injury to the optic nerve. The axons were damaged 2 days
after treatment, which induced microglial cells response by
accumulating at the lesion area.

Grant support: Supported by an unrestricted grant and a
career award from RPB, NIH grants P30EY014801 and
R01EY019077.

Genome-wide Association Studies in
Ophthalmology

Conclusions: This novel animal optic neuropathy model will
provide valuable information regarding the tempo-spatial event
of this type of disease.

O365
GENOME WIDE STUDIES OF MYOPIA IDENTIFY
ASSOCIATIONS ON CHROMOSOME 15
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C. Hammond1, P. Hysi1, T. Young2, D. Mackey3, J. Rahi4, C.
Klaver5

RETINAL DEIMINATION AND FUNCTIONAL STATUS IN A
MOUSE MODEL OF MULTIPLE SCLEROSIS
1

2

3

1

Dept of Twin Research & Genetic Epidemiology, King's
College London, London, UK, 2Center for Human Genetics,
Duke University Medical Center, Durham, NC, USA, 3Lions
Eye Institute, University of Western Australia, Perth, WA,
Australia, 4Institute of Child Health, University College London,
London, UK, 5Depts Ophthalmology and Epidemiology,
Erasmus Medical Center, Rotterdam, The Netherlands

3

S. Bhattacharya , D. Ding , M. Algeciras , T.-H. Chou , V.
Porciatti3
1

Ophthalmology, Biochemistry and Molecular Biology,
Biochemistry and Molecular Biology, 3Ophthalmology,
University of Miami, Miami, FL, USA
2

Background
and
aims:
Deimination
refers
to
posttranslational modification of protein-bound arginines into
citrulline. This modification is carried out by peptidyl arginine
deiminases (PADs). No known enzyme exists for reversal of
deimination rendering this a relatively long term modification.
Elevated deimination has been shown to occur in the brain of
multiple sclerosis and in the optic nerve of glaucomatous
donors. Aims of our research are

Myopia and hyperopia are at opposite ends of the continuum
of refraction - the measure of the eye´s ability to focus light which is an important cause of visual impairment and a highly
heritable trait. We conducted a genome-wide association study
in a cohort of 4,270 British Caucasians from the TwinsUK
cohort, and identified polymorphisms in a large region on
chromosome 15 in strong association with refractive error
(best p=7.9x10-8). These findings were validated in six other
Caucasian adult cohorts with an overall 13,414 subjects (best
combined p=1.8x10-9). An additional locus on chromosome 15,
reported by the Rotterdam Study, was replicated in the
TwinsUK cohort. Both these results, associated with retinal
signalling genes, show a biologically convincing and replicated
association with myopia, and provide novel molecular
mechanisms for further study of intervention to prevent the
most common cause of visual impairment.

(1) to determine whether protein deimination undergoes a
decrease in the retina/retinal ganglion cells of transgenic
mouse model (ND4) of multiple sclerosis,
(2) whether concomitant functional changes in the inner retina
are observed in the ND4 mice compared to littermate controls
(3) whether restoration of deimination restores the function in
ND4 mice and
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(4) whether restoration of deimination is associated with
neurite outgrowth.

GENOME-WIDE ASSOCIATION STUDIES: A ROADMOAP
TO UNRAVELING THE GENETICS OF OPEN-ANGLE
GLAUCOMA

Methods: Transgenic mice model (ND4) of multiple sclerosis
overexpressing proteolipid protein (PLP) and non-transgenic
control mice (n=10 each) were used for these studies.
Expanded disability status scale (EDSS) as well as magnetic
resonance imaging (MRI) of the brain and upper spinal cord
was used to score the disease. Western and
immunohistochemical analysis were performed to determine
the posttranslational deimination in the retina. Flash and
pattern electroretinogram (FERG and PERG) were used to
determine retinal function. Cell culture studies and viral
expression system were used for PAD2 expression.

W. Ramdas1, L. van Koolwijk2, M. Ikram1, N. Jansonius3,4, P.
de Jong5, N. Amin4, Y. Aulchenko4, R. Wolfs1, A. Hofman4, F.
Rivadeneira4,6, B. Oostra7, A. Uitterlinden4,6, P. Hysi8, C.
Hammond8, H. Lemij9, J. Vingerling1, C. Klaver1, C. van Duijn4
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Results: Transgenic ND4 mice showed decreased level of
deimination in the retinal ganglion cell layer together with
significant impairment of inner - but not outer - retinal function
as demonstrated by reduced PERG signal with normal FERG.
Decrease in deimination was observed in the retinal ganglion
cells after the onset of disability on EDSS and demonstrable
changes in the cerebellum with MRI. Restoration of
deimination by viral vector mediated expression of PAD2

Background: Despite major successes in families with familial
forms, the genetics of open-angle glaucoma (OAG) is poorly
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understood. Genome-wide association (GWA) studies have
proven to be a powerful approach to find common genetic
variants with small effect that are involved in complex traits. In
particular, studies focusing on quantitative parameters instead
of disease (e.g. blood pressure instead of hypertension) have
been successful. We have translated this to OAG,
hypothesizing quantitative traits including the optic disc area,
vertical cup-to-disc ratio (VCDR) and intraocular pressure
(IOP) may be used to clarify the genetic origin.

chart abstraction was performed to validate and improve the
electronic case/control finding algorithms until predictive
values of at least 95% had been achieved. The DNA samples
were genotyped at the Center for Inherited Diseases at Johns
Hopkins University using the Illumina 660W-Quad platform.
Additive logistic regression models were used and the pvalues of all SNPs on the platform were ranked for potential
association.
Results: 1323 surgical cases, 1323 diagnosis only and 1323
controls were genotyped. There were 743 cases of mixed
cataract type, 883 nuclear only and 122 cortical only. The
analysis set comprised 2333 females and 1635 males; 98.5%
were Caucasian by self-report. Using only unrelated
individuals, 8 markers in three genes on chromosome 2, 2
markers each on chromosomes 5 and 14 and one marker
each on chromosomes 8, 15 and 17 reached statistical
significance at a p< 10-5. The top hits were found to be very
similar, regardless of cataract type. These results are currently
being replicated at Vanderbilt University, one of the five
eMERGE sites.

Methods: We performed a GWA study screening the full
genome to identify genetic variants associated with the optic
disc area, VCDR and IOP. First, we conducted these searches
in the Rotterdam Study (comprising a total of 10,972
Caucasian persons aged 45 years or older). Findings were
replicated in the Erasmus Rucphen Family study consisting of
1,646 Caucasian persons (mean age: 46.8 years; SD: 14.1)
and the TwinsUK cohort (N: 843; mean age: 56.1 years; SD:
12.7). Second, we related the genome-wide significant
variants identified to a series of 1,416 independent OAGcases. Third, we used the GWA data to evaluate to what
extent the genes involved in the optic disc area, VCDR and
IOP overlap.

Discussion: We believe that we have identified the first SNPs
associated with age-related cataracts. It was striking to find
that the most significant markers varied little by cataract type.
The next steps will be to replicate these findings in other
populations and to conduct gene-environment analyses that
could inform potential interventions to decrease the prevalence
of cataract in those at increased risk genetically.

Results: We found two variants in the genome that were
genome-wide significantly (p< 5x10-8) associated with optic
disc area, six associated with VCDR and one with IOP. Two
pathways that were involved both in the optic disc area and
VCDR: the first being related to TGFβ signalling and the other
related to early development. We found that three genes
identified in our studies of optic disc area and VCDR were also
significantly associated with OAG. Also the IOP gene was
involved in development and related to OAG. When evaluating
the evidence for a joint genetic etiology with the GWA data, we
did not see an overlap between genetic variants involved in
the VCDR and IOP but a strong overlap between the genes
involved in VCDR and OAG.

O368
A MULTIDISCIPLINARY APPROACH TO UNDERSTAND
PSEUDOEXFOLIATION SYNDROME
S. Sharma1, K. Burdon1, R. Creasey1, S. Martin1, A. Dave1, C.
Gibson1, N. Voelcker1, A. Hewitt1, P. Danoy2, P. Leo2, D.
Mackey3, P. Mitchell4, M. Brown2, J. Craig1

Conclusion: We found several novel genes implicated
consistently in OAG and related pathology, and a consistent
genome-wide significant evidence for nine new genetic
variants. The protein pathways in which the loci of VCDR are
involved overlap with those identified for optic disc area and
OAG, suggesting a common genetic origin. These GWA
studies provide a major step forward in our understanding of
the genetics of OAG.
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Flinders University, Bedford Park, SA, 2University of
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Perth, WA, 4University of Sydney, Westmead, NSW, Australia
Background and aims: Pseudoexfoliation (PEX) syndrome is
an age-related disorder characterized by accumulation of
fibrillar extracellular deposits in the ocular anterior segment. It
is the most common risk factor for glaucoma that can lead to
blindness. In 2007, a genome-wide association study reported
association of common coding variants in the LOXL1 (lysyl
oxidase like-1) gene with PEX in the Scandinavian population.
This finding has been replicated in multiple studies in several
ethnicities including our own study in an Australian population.
However the LOXL1 gene does not account for the entire
disease risk in a population. Thus, despite these recent
findings, much remains to be known about the contributing
factors and the pathophysiology of PEX. The aims of this study
were to determine whether LOXL1 is the major contributor to
PEX in the Australian population, to determine the functional
effects of the disease-associated LOXL1 variants and to
develop novel methodologies that can be used to understand
the pathophysiology of PEX. We adopted a multidisciplinary
approach to investigate these aims.
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GENOME-WIDE ASSOCIATION STUDY OF CATARACT IN
THE EMERGE CONSORTIUM
C. McCarty1, S. Turner2, L. Rasmussen3, C. Waudby3, R.
Berg3, J. Linneman3, P. Peissig3, R. Wilke2, L. Chen4, J.
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Background: Heritability of cortical and nuclear cataract has
been calculated to be 58% and 48% respectively, with as
many as 40 genes estimated to be involved. The purpose of
this study was to identify genetic predictors of age-related
cataract through a genome-wide association study (GWAS),
as part of eMERGE, a consortium funded by NHGRI to
conduct GWAS in the context of biobanks attached to
electronic medical records.

Methods: A genome-wide association scan was performed in
243 Australian PEX cases and genotyping compared with that
of the historic control data set genotyped by the Wellcome
Trust Case Control Consortium. Effect of the diseaseassociated LOXL1 variants on cleavage of the LOXL1 protein
in a cell culture system was analysed by western blotting. An
atomic force microscopy based molecular imaging technique
was developed for topographical mapping of the constituents
of pathological PEX deposits.

Methods: Cases and controls were identified through
electronic chart extraction of adults aged 50 years and older
enrolled in the population-based Personalized Medicine
Research Project biobank. Natural language processing and
optical character recognition were used to identify cataract
type from the ophthalmic notes and ink-over forms. Manual

Results: In the genetic study, three single nucleotide
polymorphisms (SNPs), in intron 1 of the LOXL1 gene reached
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genome-wide significance. The most significantly associated
SNP was rs2165241, p=1.9x10-19. The molecular analysis
revealed that no difference in the cleavage of the LOXL1
protein was caused by the disease-associated LOXL1
variants. Using the biophysical techniques, we detected
topographical differences in the distribution pattern of clusterin,
a major constituent of PEX deposits, between normal and PEX
lens capsule.

materials, the contact lens solution may also play a role. The
purpose of this paper is to address the components of modern
care regimens that may impact on contact lens performance
and success.
Methods: An extensive literature review over the past 20
years was undertaken to determine what impact contact lens
solutions have had in controlling lens comfort, microbial
keratitis, inflammatory responses and other clinical issues
such as corneal staining and palpebral conjunctival changes.

Conclusions: This study showed that the LOXL1 gene is the
major genetic contributor to PEX in the Australian population.
It suggested that the disease-associated LOXL1 variants do
not influence the cleavage of the LOXL1 protein. Lastly, we
provide a proof-of-concept for the use of biophysical
techniques to study the topographical distribution of the
constituents of PEX deposits, which can lead to better
understanding of the pathophysiology of the disease.

Results: Modern lens materials based on siloxane polymers
(“silicone hydrogels” - SH) exhibit a markedly different tear
deposition profile than polyHEMA-based materials, with low
amounts of primarily denatured protein and increased amounts
of lipid being commonly seen. Recent studies have also
demonstrated increased preservative uptake and release
profiles with SH materials, which may help to explain the
increased amount of corneal staining and sterile inflammatory
responses observed with certain combinations of SH materials
and preserved care systems. Recent reports suggest that
preserved systems may result in 2-3x more sterile infiltrates
than non-preserved systems and that certain combinations of
lenses and materials can result in over 25% of patients
exhibiting clinically unacceptable corneal staining. The
increased interaction of these more hydrophobic materials with
various tear film and solution components suggests that the
performance of modern materials is potentially mediated by
careful care regimen choice to a greater extent than that seen
with older, lower oxygen permeability materials.

Acknowledgements: This work is funded by the NH&MRC,
Australia and ORIA.

Contact Lens Complications
O369
CONTACT LENS DROPOUTS
D. Fonn
CCLR, School of Optometry, University of Waterloo, Waterloo,
ON, Canada
Background & aims: To review the reasons for abandonment
of contact lens wear and whether the causes have changed in
the last 18 years since abandonment has been documented.

Conclusions: There is growing evidence that inflammatory
complications and lens comfort may be impacted by care
regimen choice. This has substantial implications for patients
who elect to switch care regimens or use their regimens in a
non-compliant manner.

Methods: To review recent literature and market research
surveys on the reasons and interpreted estimates of how
many patients have dropped out of contact lens wear on an
annual basis compared to how many start wearing contact
lenses.

O371
ELEVATED NGF LEVELS IN CONTACT LENS SUBJECTS
WITH DRY EYE DYSFUNCTION

Results: It appears contact lens related discomfort and
dryness are still the main reasons for premature
discontinuation followed by contact lens wearers who become
presbyopic and therefore requiring both distance and near
vision correction. End of day discomfort/dryness is a very
common symptom and is probably the underlying discomfort
cause of abandonment. The age distribution of contact lens
wearers has changed in the last 15 years and this has
influenced the distribution of reasons for abandonment. Lens
materials and surface wetting properties have also changed
substantially in the last 15 years.

W. Miller, Q. Liu, A. Mcdermott
College of Optometry, University of Houston, Houston, TX,
USA
Aims: Changes to the ocular surface have been observed in
contact lens wearers. These alterations in contact lens
wearers include a corneal sensitivity reduction and dry eye
disease. The purpose of the present study was to measure the
subepithelial nerve plexus, tear NGF (nerve growth factor) and
transforming growth factor (TGF)-β1 levels in established
contact lens wearers with associated dry eye disease.

Conclusions: Discomfort and dryness still plague contact lens
wearers and improved lens designs and alternatives are
required for presbyopic correction. These factors have
significant economic impact on the contact lens industry.

Methods: Eighteen subjects were recruited from existing soft
contact lens wearers and stratified into those with (n=10) and
without dry eye disease (n=8) based on the ocular surface
disease index questionnaire (OSDI) and Schirmer's test. Both
groups were compared with a control group of non-contact
lens wearers without dry eye disease. (n=6) Corneal sensitivity
was measured and tear clearance was assessed with
fluorophotometry. (T90) In vivo confocal microscopy was
performed to measure density and branching of the
subepithelial plexus. Samples of basal tears were collected
with a micropipette and NGF and TGF-β1 levels were
analyzed using an enzyme-linked immunoassay. Statistical
analyses were performed using a one-way analysis of
variance (ANOVA) to test for differences between subject
cohorts.

O370
THE ROLE OF DISINFECTING SOLUTIONS ON CONTACT
LENS PERFORMANCE AND SUCCESS
L. Jones
Centre for Contact Lens Research, School of Optometry,
University of Waterloo, Waterloo, ON, Canada
Background & aims: Contact lens dropout continues to
represent a significant barrier to the growth of the contact lens
market. Despite the development of highly oxygen permeable
soft lens materials, recent reports of end of day dryness and
discomfort continue to occur in some 50% of contact lens
wearers. While some of this may be due to issues with lens

Results: A significant decrease in corneal sensitivity was
found in contact lens wearers when compared with control
subjects. No statistical differences were noted between groups
for tear clearance rate. Subepithelial nerve density in contact
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lens wearers was 538.8 ± 39.3 µm/image (3.96 ± 0.28 pm/
µm2), and 537.1 ± 30.9 µm/image (3.9 ± 0.3 pm/ µm 2) in
subjects with and without dry eye respectively. Each of these
values was significantly (p = 0.032) lower than in controls (4.4
± 0.2 pm/ µm2). NGF concentration in collected tears was
increased in contact lens wearers with dry eye disease, and
was significantly greater compared with contact lens wearers
without dry eye. (p=0.04) TGF-β1 levels were found to
significantly increase in contact lens associated dry eye
disease when compared to contact lens wearers with dry eye
disease and normal controls. TGF-β1 was also significantly
correlated to NGF.

translates into reduced adverse events during wear. Should
people want to sleep in lenses, changing a lens each day in
the morning might reduce adverse events.
O373
"REAL-WORLD" EFFICACY OF CONTACT LENS
SOLUTIONS
C. Lakkis1,2
1

Clinical Vision Research Australia, Australian College of
Optometry, Carlton, VIC, 2School of Optometry, Queensland
University of Technology, Brisbane, QLD, Australia

Conclusions: A decrease in subepithelial nerve density was
observed in long-term contact lens wearers however, this
change was not significantly correlated with tear NGF
concentrations. An elevation in tear NGF levels was found in
contact lens related dry eye disease, likely in response to antiinflammatory factors such as TGF-β1. The association
between NGF and TGF-β1suggests a possible role for NGF in
responding to inflammation in contact lens wearers with dry
eye disease.

Aim: Contact lens disinfection solutions are designed to
reduce microbial contamination of contact lenses after wear. A
number of adverse events of microbial origin continue to occur
during lens wear, despite the introduction of new solution
formulations. The recent outbreaks of Fusarium and
Acanthamoeba keratitis have raised a variety of questions
regarding the “real-world” efficacy of contact lens care
solutions and the regulatory testing requirements of solutions
prior to their release onto the market.

O372

Methods: A variety of methodologies were employed to
assess the performance of contact lens disinfection solutions
under conditions that reflect real-world use. These included
testing with inorganic and organic material, testing with worn
contact lenses, and assessment of disinfectant efficacy during
extended storage in the lens case. A clinical study
investigating rates of, and risk factors for, case and contact
lens contamination was also performed.

INFLAMMATION DURING CONTACT LENS WEAR AND
KERATITIS: STRATEGIES FOR ITS CONTROL
M. Willcox1,2, H. Zhu1,2, J. Ozkan1, P. Krishna3
1

Institute for Eye Research, 2School of Optometry and Vision
Science, University of New South Wales, Sydney, NSW,
Australia, 3LV Prasad Eye Institute, Hyderabad, India
Background and aims: Microbes cause a range of adverse
events during contact lens wear, including the most significant,
but least common, microbial keratitis (MK). Rates of MK have
been maintained at the same rate for the past 20 years,
despite changes to contact lens materials and development of
new disinfecting solutions. The aim of this study was to
determine whether changes to contact lens wear schedules or
addition of antibiotics to the eye during wear could reduce the
microbial contamination of lenses/lids and/or the rates of
adverse events.

Results: P. aeruginosa, S. marcescens and S. aureus strains
varied widely in their susceptibility to disinfectants. P.
aeruginosa resistance was linked to the cytotoxic phenotype
when tested with inorganic material and the invasive
phenotype when tested with organic material. Poorer efficacy
was observed when solutions were tested with organically
soiled contact lenses compared to unsoiled lenses (p< 0.05).
Significant increases in bacterial numbers were observed after
1 week of storage with organic soil (p< 0.05), despite log
reductions at earlier time points. In the clinical trial, 57% of
cases and 39% of CLs were contaminated after 1 week of use.
Cases with moderate/heavy contamination were more likely to
be contaminated with gram-negative bacteria (p< 0.05).
Solution reuse was the strongest risk factor for the
development of case contamination (p< 0.05), in addition to
several other factors related to non-compliance.

Methods: Contact lens wearers were enrolled into clinical
trials. For testing the effect of application of antibiotic drops, 40
wearers used two applications of tobramycin drops to eyes in
morning and evening compared to wearers who did not use
antibiotics but instilled saline. Lenses and lids were sampled at
1m and 3m and cultured for microbial identification using
standard techniques. 177 contact lens wearers were enrolled
in two arms of a trial to determine whether using a new lens
each day (daily disposable), but sleeping in that lens, could
reduce adverse responses. Subjects replaced lenses each day
either at night or in the morning. Adverse event rates were
captured at aftercare visits or when required.

Conclusions: Disinfection efficacy depends on a number of
factors, including bacterial resistance, the nature and level of
soiling, the presence of additives within the solution
formulations, and compliance with lens care and maintenance
procedures. Contact lenses and lens cases become
contaminated after 1 week of use and a variety of factors
associated with case contamination have been identified.
Practitioners should be encouraged to review CL-wearer
compliance at all follow-up visits, with particular emphasis on
factors significantly related to the development of
contamination. A greater focus on improving the antimicrobial
activity of disinfection solutions is required, in addition to
updating the solution regulatory standards.

Results: For the antibiotic trial, numbers of microorganisms
recovered from eye swabs from the antibiotic group was
significantly lower than from saline group (p = 0.01). Grampositive cocci were less frequently recovered from antibiotic
group (p = 0.001). More eye swabs in the antibiotic group were
culture-negative than swabs from saline group. For the daily
disposable but sleep in lenses study, overall inflammatory and
mechanical event rate was lower with morning lens
replacement (3.4%) compared to nightly replacement (10.0%,
p=0.018) or historical monthly replacement data (9.4%,
p=0.026). There was a reduced incidence of keratitis with
morning lens replacement (1.7%) compared to nightly lens
replacement (6.7%, p=0.025).

Ocular Pain: From Molecules to the Clinic
O374
VEGF-MEDIATED CORNEAL NERVE REPAIR

Conclusion: Instillation of antibiotics twice a day can reduce
the microbes colonising the lids of lens wearers. Further
investigations should be performed to examine whether this

M. Rosenblatt, C. Yu, M. Zhang, S. Fukuoka, N. Karagianni
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neuropeptides and their receptors at the mRNA/cDNA level.
Immunohistochemisty was performed on inflamed and their
contralateral control eyes to quantify density and phenotype of
bone marrow-derived cells with a panel of antibodies.

Purpose: To examine the vascular endothelial growth factor
(VEGF) dependence of corneal nerve regeneration after
superficial injury.

Results: Out of the 37 neuropeptides / receptors analyzed in
the corneas, 28 were present in the normal cornea. Significant
increased expression in inflamed corneas, as compared to
normal corneas, was demonstrated for somatostatin receptor1 (p=0.02), somatostatin receptor 2 (p=0.007), somatostatin
receptor 4 (p=0.04), nerve growth factor (p=0.02), urocortin
(p=0.01), and adrenomedullin (p=0.01). In addition we
detected a more than 2-fold increase in expression for
substance P, tachykinin 2, neurotrophin 5, and melanocortin
receptor (MCR)-1 and MCR-5. Interestingly, the contralateral
eyes that were not inflamed, demonstrated upregulation of
somtatostatin receptors 1, 2, and 4, as well as MCR-5.
Immunohistochemistry demonstrated that in addition to the
expected immune cell infiltration in the inflamed corneas, there
was an increased density of bone marrow-derived cells in the
contralateral control eyes.

Methods: Trigeminal neurons collected from thy1-YFP mice
were dissociated and cultured. Cells were grown in media
containing VEGF, VEGF specific neutralizing antibody or
nonspecific mouse immunoglobulin. After 48 hours samples
were imaged via fluorescence microscopy and neuronal
outgrowth quantified. Groups of thy1-YFP neurofluorescent
mice were anesthetized and received intrastromal micropellets
pellets containing VEGF, or injections of either anti-VEGF
antibody or nonspecific mouse immunoglobulin. One day after
treatment, a 2 mm circular corneal epithelial defect was made
in anesthetized mice, which removed their corneal epithelium
and subbasal nerve plexus. Three days after wounding mice
were sacrificed, their corneas whole mounted, and nerve
regeneration in the area of the wound was quantified by
fluorescence microscopy.

Conclusions: In addition to several previously known
neuropeptides in the cornea, we demonstrate the novel
expression
of
several
anti-inflammatory
and
immunomodulatory neuropeptides and their receptors in the
murine cornea during inflammation in the inflamed and
surprisingly also in the contralateral eyes. Future experiments
will identify the source of these molecules and their targets,
and will determine their role in corneal immunity.

Results: Treatment of cultured trigeminal neurons with
exogenous VEGF resulted in a dose-dependent increase in
axonal outgrowth. Cultures treated with anti-VEGF antibody
showed a significant reduction in nerve process density
compared to control. After superficial keratectomy, extensive
nerve regeneration in thy1-YFP mice had partially occurred at
three days after the procedure. Addition of VEGF via an
intrastromal micropellet accelerated nerve regeneration in the
subbasal plexus adjacent to the pellet without a concomitant
angiogenic response. Mice treated with anti-VEGF antibody
displayed a significant reduction in the neuronal density of
their subbasal plexus in the area of the wound compared to
those treated with nonspecific immunoglobulin.

O376
THRESHOLD AND SUPRATHRESHOLD SENSATION AND
THE EFFECTS OF NOCICEPTIVE STIMULI ACROSS THE
CORNEA

Conclusions: This study provides evidence that VEGF
signaling influences the repair of corneal nerves after injury.
Modulation of VEGF signaling may be a useful target in
modulating nerve regeneration after trauma.

P. Situ1, T. Simpson2
1

Centre for Contact Lens Research, School of Optometry,
School of Optometry, University of Waterloo, Waterloo, ON,
Canada
2

O375
INFLAMMATION AND THE NERVOUS SYSTEM: THE
CONNECTION IN THE CORNEA

The cornea is the most densely innervated epithelial surface in
the body, and its sensory nerves terminate mostly as naked
"free nerve" endings, called nociceptors. Sensation elicited by
stimulation of the human cornea is predominantly along the
pain continuum. Although corneal innervation has been the
subject of extensive investigation, our current understanding of
sensitivity and sensation experienced across the cornea and
their clinical implications remains limited. These studies
explored the regional variation of corneal sensitivity and
transducer functions, and the interaction between the sensory
input to and tearing responses of the lacrimal functional unit.

P. Hamrah1,2, L. Zheng2, U. von Andrian2
1

Cornea & Refractive Surgery, Massachusetts Eye & Ear
Infirmary / Harvard Medical School, 2Immune Disease
Institute/Program in Cellular and Molecular Biology, Children's
Hospital Boston, Harvard Medical School, Boston, MA, USA
Background and aims: Recent in vivo confocal microscopy
data in patients from our group revealed an increased density
of central epithelial dendritic cells (DC) in infectious keratitis,
which was associated with the diminishment of the subbasal
corneal nerves. These findings suggested a potential direct
interaction between the immune and nervous system in the
cornea. DC and other immune cells have been shown to
express neuropeptides and their receptors. Neuropeptides
such as substance P, vasoactive intestinal peptide, and
calcitonin gene-related peptide, are intercellular messengers
and have recently received considerable attention for their
potential roles in the innate and adaptive immunity. The
purpose of this study was to investigate the expression of
neuropeptides and their receptors in the normal and inflamed
cornea, as the first step to identify their roles in cornea
immunity.

This series of experiments was undertaken, using a Belmonte
esthesiometer to deliver pneumatic mechanical, chemical and
thermal stimuli to the cornea. Psychophysical methods were
used to determine the detection thresholds, and the magnitude
of sensations to suprathreshold stimulation. In addition, tear
secretion in response to corneal sensory input was determined
by tear meniscus height measured using Optical Coherence
Tomography.
It was found that sensitivity to pneumatic cool and mechanical
stimuli varied slightly across the cornea while chemical
sensitivity was similar between regions. Additionally, the
transducer function was similar between central and peripheral
cornea but different between stimulus modalities. In contrast,
the reflex tearing response to suprathreshold stimuli appeared
to be position dependent, with a greater tearing response to
central stimulation.

Methods: Normal corneas from C57BL/6 mice, and corneas
from cautery-induced inflammation and their contralateral eyes
were surgically excised and homogenized. Quantitative real
time-PCR was applied to analyze the expression of 37
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Penetrating keratoplasty and newer corneal transplant
techniques, such as lamellar keratoplasty, require transaction
of the host's corneal nerves. Regeneration of nerve fibers in
the graft is slow and results in abnormal corneal sensation,
high incidence of dry eye, and epithelial complications.

In conclusion, the position-invariant corneal sensitivity to
pneumatic mechanical, chemical and thermal stimuli suggests
that the distribution of human corneal sensory fibres may be
more homogeneous than previously hypothesised. The
mechanisms mediating the sensory aspect of corneal
nociception may be similar across the cornea, while, perhaps
due to the importance of the visual axis, the tear reflex
response to central and peripheral cornea seems to be driven
by different neural circuitry, perhaps at a slightly higher level of
the sensory processing pathway.

Treatment with pigment epithelial-derived growth factor
(PEDF) in association with docosahexaenoic acid (DHA) after
lamellar keratectomy performed in rabbits increased
regeneration of corneal nerves. There was a three-fold
increase in corneal nerve area in epithelial, subepithelial and
stroma in rabbits treated for eight weeks with PEDF plus DHA.
None of the two compounds alone produced a significant
increase. In addition, the treatment increased epithelial cell
density and corneal sensitivity with 86% functional recovery by
seven weeks.

O377
NERVE IMPULSE FIRING PATTERN AND OCULAR
SENSATIONS DEVELOPED UNDER INFLAMMATION AND
OTHER PATHOLOGICAL CONDITIONS OF THE EYE
SURFACE

Lipids extracted from treated corneas showed synthesis of
neuroprotectin D1 (NPD1), a derivative from DHA metabolisms
with potent anti-inflammatory and neuroprotective actions.

M.C. Acosta1, C. Luna1, S. Quirce1, I. Kovács2, C. Belmonte1,
J. Gallar1

Our results suggest that neurotorphin-mediated NPD1
synthesis is a fundamental signaling mechanism for restoring
the trophic influences of corneal nerves and is important for
treating dry eye resulting from damage of corneal nerves by
surgery.

1
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Semmelweis University, Budapest, Hungary
Previous work of our group has shown how the different
functional types of corneal sensory nerves (mechano- and
polymodal nociceptors, and cold thermoreceptors) contribute
to corneal sensations evoked from human corneas in healthy
subjects. Now, we studied how corneal sensory nerves
change their firing pattern during different pathologies and
inflammatory processes, and the contribution of this activity to
the altered sensations arising from the eye under these
conditions. Modifications of tearing rate and blinking frequency
have also been analyzed. We developed in the guinea-pig
different models of ocular disturbances and inflammation such
as allergic conjunctivitis, actinic keratitis, aqueous-deficient dry
eye and corneal refractive surgery (PRK and LASIKmicrokeratome lesions). Spontaneous and stimulus-evoked
(mechanical, thermal and chemical stimuli) activity was
recorded from corneal nerve terminals and ciliary nerves in
control and experimental eyes. We found an altered nerve
impulse firing pattern that varied according to the time course
and type of inflammatory reaction or pathological condition,
and the functional type of corneal sensory receptor. In general,
we observed a sensitization of corneal sensory receptors, with
an increase in their spontaneous and stimulus-evoked activity,
accompanied by a decrease in the sensitivity threshold. These
changes may explain most of the observations made in
humans when ocular surface sensations are explored with
mechanical, thermal and chemical stimuli delivered with a gas
esthesiometer in equivalent pathological circumstances. Our
studies indicate that corneal sensory nerve function is variably
disturbed by inflammatory and pathological conditions
affecting the eye surface and that their altered activity can
explain the abnormal sensations experienced by in humans in
such conditions.

Supported by a grant from LSUHSC Translational Research
Initiative and by NIH grant EY019465
O379
OCULAR PAIN - GOOD OR BAD
P. Fagerholm
Dept of Ophthalmology, Inst Clinical and Experimental
Medicine, Linköping, Sweden
Ocular pain is an important symptom showing that something
is wrong. The pain can originate in the globe or being referred
to the globe from lesions in neighboring structures as the orbit
and nasopharyngeal structures. The eye is complicated,
including extraocular structures such as muscles, supporting
nerves outside and within the central nervous system and
vessels.
The mechanisms that cause pain are likewise very different.
Trauma, inflammatory diseases in the eye, in the optic nerve
or in arteries, increased intraocular ocular pressure or local
malignancies are some examples.
Ocular pain is often associated to ocular surface lesions.
Corneal erosions or recurrent erosions are extremely painful
due to the high density of naked nerve endings in the
epithelium. Other corneal diseases associated with pain are
dry eyes were the dryness results in small lesions in the
epithelium. On the advent of photorefractive surgery the
induction of pain from the surgical wound became apparent
and the management of pain a necessity in order to use the
technique. In bullous keratopathy where the corneal swelling
forms epithelial blisters, pain is induced every time the lid
moves over and tug in the nerves.

Supported by SAF2008-00529 (JG), in part by BFU200804425 (CB) and Human-MB08A 80372 NKTH-OTKA-EU 7KP
(Marie Curie) (IK).
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Viral infections from herpes simplex and zoster are initially
painful. The infection, however result in nerve damage and
result in an eye with a reduced corneal sensitivity. Herpes
zoster ophthalmicus can result in a neuralgia that is very
debilitating for a long time and can be located to the globe.

PEDF AND DHA RESTORE CORNEAL NERVE INTEGRITY
AND SENSITIVITY AFTER EXPERIMENTAL SURGERYMEDIATED DAMAGE

Another infection where pain is strong out of proportion is
acanthamoeba keratitis. Lack of sensation in the eye due to
damage to the trigeminal nerve may make the interpretation of
the signs and symptoms difficult and delay diagnosis.

H.E.P. Bazan, M.S. Cortina, J. He
Opthalmology and Neuroscience Center, LSU Health Sciences
Center, New Orleans, LA, USA
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E2fs. The unexpected results have important implications for
retinal development , regeneration,and the origins, prevention,
and treatment of human cancer.

Retina Development
O380

O382

TRANSCRIPTION FACTORS SUFFICIENT FOR RETINAL
SPECIFICATION
A. Viczian, Y. Lyou, E. Solessio, M. Zuber

PROLIFERATION VS DIFFERENTIATION: THE WNT-SOX
CONNECTION

Ophthalmology and Biochemistry & Molecular Biology, SUNY
Upstate Medical University, Syracuse, NY, USA

K. Moore1, M. Agathocleous2, I. Iordanova2, M. Willardsen1,
X.Y. Xue2, W. Harris2, M. Vetter1

Aims: The vertebrate eye develops from a single field of
neuroectodermal cells in the anterior neural plate called the
eye field. This region is required and sufficient for eye
formation. Seven eye field transcription factors (EFTFs) are
coordinately expressed in the eye field at the time of its
specification and required for normal eye formation. We took
advantage of the relatively simple Xenopus laevis animal cap
system to address two questions: "Can EFTFs reprogram
pluripotent cells to form functional retinal cells?", and "What
are the downstream targets of the EFTFs?"

1
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Retinal progenitors undergo a series of transitions to become
differentiated post-mitotic neurons and glia. These transitions
are driven by the interplay between extrinsic signaling
pathways and changes in intrinsic factors. Wnt/β-catenin
signaling is active in the stem cell/progenitor niche in the
Xenopus retina, and we showed that it drives Sox2
expression, which is required for neurogenesis (VanRaay et
al., 2005). We have investigated how Wnt/βcatenin signaling
and Sox2 coordinate the progression of retinal progenitors
demonstrating that sustained Wnt/β-catenin signaling prevents
retinal neuron differentiation and maintains cells as
progenitors. We expressed stabilized β-catenin in retinal
progenitors of transgenic embryos and found that Sox2 and
proneural genes were activated but proneural target genes
and markers of differentiated neurons were not, suggesting a
block of proneural function. Sox2, normally downregulated as
progenitors differentiate, persisted in the undifferentiated cells,
suggesting that it prevents retinal neuron differentiation.
Consistent with this, Sox2 overexpression also mimicked the
effects of Wnt/β-catenin signaling on neurogenesis. The ability
of Wnt/β-catenin and Sox2 to suppress neuronal differentiation
and proneural target gene expression was reversed by
inhibition of Notch signaling. Furthermore, we showed that
sustained Sox2 expression is not sufficient to explain how
Wnt/β-catenin maintains progenitors, since it was unable to
drive progenitor proliferation and instead promoted Müller glial
differentiation. When we combined Sox2 expression with cell
cycle activation, it was sufficient to recapitulate the effects of
Wnt/β-catenin to maintain retinal progenitors. Thus,
maintenance of undifferentiated progenitor cell fate by Wnt/βcatenin requires inhibition of retinal neuron differentiation,
which is Sox2 dependent, and stimulation of progenitor
proliferation, which is not. However, the progenitors ultimately
progress and differentiate since Sox2 feeds back to shut off
Wnt/β-catenin signaling and promote Müller glial fate, while the
proneural gene Ath5 feeds back to inhibit Sox2 and promote
neuronal differentiation. Wnt, Sox2 and the proneural genes
appear to form a modular circuit in which each step activates
the subsequent step and is in turn inactivated by it, providing a
directional network that ensures progenitors make the
transition to neurons and glia.

Methods: X. laevis animal cap cells expressing the EFTFs
were transplanted to the flank and eye field of embryos.
Immunohistochemistry and in situ hybridization were used to
determine the fate of the transplanted cells. To test if the eyes
that formed were functional, electroretinograms and behavioral
assays were performed. Microarray analysis was used to
identify transcripts that were both regulated by the EFTFs in
cells and expressed in the endogenous eye field. Quantitative
RT-PCR and whole mount in situ hybridization (WISH)
validated the microarray results.
Results: EFTF expressing cells formed eyes that were
molecularly, anatomically and electrophysiologically similar to
normal eyes. Induced eyes could also guide a vision-based
behavior. We identified 187 genes that were induced in EFTF
expressing cells and enriched in the embryonic eye field. Many
of the most highly induced transcripts coded for genes
required for normal eye formation in flies, frogs, fish, mice
and/or humans. Eighty-three genes repressed by the EFTFs
and depleted in the eye field were also identified.
Approximately 94% of the 49 genes selected for validation
were appropriately regulated by the EFTFs. WISH has
confirmed that four unannotated, yet highly conserved Eye
Primordia Genes (EPGs 29, 140, 147 and 185) are expressed
in the embryonic eye field.
Conclusions: Our results indicate the fate of pluripotent cells
can be altered by the EFTFs to generate multipotent retinal
progenitor cells that differentiate into functional retinal cells.
We have identified over 300 transcripts regulated in the
endogenous eye field and in pluripotent cells directed to a
retinal fate by the EFTFs. The high validation rate suggests
the screen was robust, and the majority of these genes are
either direct or indirect EFTF targets. Future work will focus on
the functional characterization of the novel evolutionarily
conserved genes identified in this screen.
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REGULATION OF ROD PHOTORECEPTOR
DIFFERENTIATION AND SURVIVAL BY THE ORPHAN
NUCLEAR HORMONE RECEPTOR ERRΒ

CELL CYCLE REGULATION IN RETINAL DEVELOPMENT

A. Onishi1,2, G.-H. Peng3, E. Poth2, D. Lee2, J. Chen4, U.
Alexis2, S. Chen3, S. Blackshaw2

R. Bremner
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Rb and E2f are well known cell cycle proteins. The notions that
Rb slows the cell cycle in dividing cells and that E2fs are
essential for division are maxims in the field. That standard
model turns out to be incorrect. I will discuss where Rb does
regulate the cell cycle, and the actual essential functions of
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Mutation of rod photoreceptor-enriched transcription factors is
a major cause of inherited blindness. We identified the orphan
nuclear hormone receptor ERRβ as selectively expressed in
rod photoreceptors. Overexpression of ERRβ induces rod
development in retinas of both wildtype and Nrl-/- mice, which
lack rod photoreceptors. ERRβ directly regulates expression of
rod-specific genes, and coordinates expression of multiple
genes that are rate-limiting regulators of ATP generation and
consumption in photoreceptors. Inverse agonists of ERRβ
trigger rapid rod degeneration, which is rescued by
constitutively active mutants of ERRβ, and mutation of ERRβ
results in dysfunction and degeneration of rods. However,
enhancing ERRβ function rescues photoreceptor defects that
result from loss of the photoreceptor-specific transcription
factor Crx . Our findings demonstrate that ERRβ is a critical
regulator of rod photoreceptor function and survival, and
suggest that ERRβ agonists may be useful in the treatment of
certain retinal dystrophies.

severely affected, Müller cell processes were also abnormal in
Lama1nmf223 mutants.
Conclusions: Lama1 is necessary for the formation of the ILM
as well as retinal ganglion cell development and maintenance.
Müller cell process extension and orientation throughout the
retina also depends on Lama1.

Transcriptional Regulation/ Transcription
Factors
O385
FUNCTIONAL ROLES OF OF THE HOMEOBOX GENE SIX3
IN MAMMALIAN EYE DEVELOPMENT
W. Liu, G. Oliver
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A ROLE FOR LAMA1 IN RETINAL DEVELOPMENT

We have previously shown that Six3 repression of Wnt
signaling in the anterior neuroectoderm is essential for
vertebrate forebrain development. Using a conditional
inactivation approach we later determined that Six3 activation
of Pax6 expression is essential for mammalian lens induction
and specification. We have now identified Six3 also as a
crucial player during neuroretina specification in mammals. In
Six3 conditional-mutant mouse embryos, the specification of
the neural retina was abrogated, but that of the retina
pigmented epithelium was normal. We determined that ectopic
rostral expansion of Wnt8b expression is the major response
to Six3 deletion and the leading cause for the specific lack of
neuroretina and demonstrated that Six3 directly represses
Wnt8b expression in vivo.

M. Edwards1, O. Lefebvre2, D.S. McLeod1, T. Baba1, C.
Merges1, I. Bhutto1, R. Grebe1, P. Nishina3, G. Lutty1
1

Ophthalmology, The Wilmer Ophthalmological Institute,
Baltimore, MD, USA, 2INSERM U8682, Strasbourg, France,
3
The Jackson Laboratory, Bar Harbor, ME, USA
Background and aim: Lama1 encodes the basement
membrane protein, laminin alpha1, a key component of the
retinal inner limiting membrane (ILM). It is well established that
the laminin 111 heterotrimer, which contains laminin alpha1, is
crucial for ganglion cell neurite outgrowth in vitro. The role of
Lama1 during retinal development, however, has yet to be
determined. We have recently reported two mice with
recessive mutations in Lama1; one which bears a
hypomorphic point mutation (Lama1nmf223) and the other, a
conditional null allele completely deficient of this gene
Lama1Δ). Both mutants experience ILM defects as well as
abnormal vessel development and persistent fetal vasculature.
We utilized these two mouse models to investigate the role of
Lama1 in retinal ganglion cell development. We have also
identified Müller cell abnormalites in these mutants.

O386
ROLES OF TRANSCRIPTION FACTOR AP-2 IN OPTIC CUP
DEVELOPMENT
E. Bassett1, T. Williams2,3, A. Zacharias4,5, P. Gage4,5,6, S.
Fuhrmann7, J. West-Mays1

Methods: Lama1nmf223 and Lama1Δ were used according to
the ARVO statement for the use of animals in ophthalmic and
vision research. Flatmount retinas were labeled with GS
isolectin B4, a vascular marker, Brn3b and neurofilament,
markers of ganglion cells, as well as vimentin, a marker of
Müller cells.

1
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7
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Results: Ganglion cell axonal patterning was normal in
Lama1nmf223 until four weeks of age, at which time some axons
in the peripheral retina became tortuous and failed to reach
ora serrata. Lama1Δ mutants experienced similar defects but
these were observed at postnatal day 1 (P1). Brn3 labeling
demonstrated a progressive loss of ganglion cells in Lama1Δ
mutants beginning at P1. Ganglion cell reductions were noted
in some but not all Lama1nmf223 mutants.

Background and aims: Our previous studies in mouse
models have demonstrated a requirement for transcription
factor AP-2α (Tcfap2a) in the development of multiple ocular
tissues, including the lens, cornea and more recently, the
neural retina (NR) and retinal pigment epithelium (RPE). In
addition, mutations in the human AP-2α gene (TFAP2A) cause
developmental eye defects. We have further shown that the
related family member, AP-2β, is co-expressed with AP-2α in
the developing NR, suggesting they may functionally
compensate for one another during NR development. Thus,
the aims of these studies were to distinguish the specific
requirement(s) of AP-2α and AP-2β in optic cup patterning and
morphogenesis.

At P1, GS isolectin positive tip cells extended filopodia onto
nerve fibers in retinas from littermate controls and C57BL/6J
mice. By contrast, in both Lama1 mutants, the only vessels
were in the vitreous, presumably of hyaloid origin. Lama1
mutant retinas did contain, however, individual GS isolectinpositive cells throughout the retina. Similar cells were noted in
the control retinas, particularly in the avascular retina.

Methods: AP-2α germ-line knockout (KO) mice were
generated by crossing mice heterozygous for a Tcfap2a null
allele. Double AP-2α/β retinal mutants with both AP-2α and
AP-2β deleted from the developing retina were generated by
crossing retina-specific Tcfap2a conditional KOs onto a
Tcfap2b germ-line KO background. The developing optic cups

Labeling of Lama1Δ mutant flatmount retinas with vimentin
revealed pan retinal spindle-like rings. Rather than running
vertically through the retinal layers, Müller cell processes
appeared to extend in a horizontal fashion entering the
vitreous and enwrapping hyaloid vessels. Although less
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were examined using histological and immunofluorescent
techniques.

1

Molecular and Cellular Biology, Baylor College of Medicine,
Houston, TX, 2Ophthalmology and Visual Sciences, Albert
Einstein College of Medicine, Bronx, NY, USA

Results: Despite the fact that AP-2α is not expressed in the
RPE and optic stalk, defects in these tissues were observed in
AP-2α germ-line KO mice. This included replacement of the
RPE by ectopic NR and optic stalk-like tissue, coloboma, and
a rare failure of optic stalk extension that caused the optic
cups to be drawn inward to the midline. We further detected
evidence of increased sonic hedgehog signaling in the AP-2α
KO forebrain neuroepithelium, which likely contributed to
multiple aspects of the ocular phenotype, including expansion
of PAX2-positive optic stalk-like tissue into the optic cup.
Unlike the RPE, both AP-2α and AP-2β are co-expressed in
the NR, specifically in the amacrine cell population. In our
second model, the double AP-2α/β retinal mutants, the inner
NR appeared less organized than controls, and the regular
arrangement of the Sox2-positive amacrine cell population
was disturbed, suggesting a failure to maintain mosaic spacing
among amacrine cells.

Background: CBP and p300 are transcriptional cofactors that
enhance gene expression through histone acetylation and
promotion of chromatin remodeling. Previous studies have
suggested that CBP and/or p300 are essential for normal
levels of crystallin gene expression in the lens. To ascertain
more precisely the roles of these proteins in the development
and function of ocular epithelial cells, we have done tissuespecific inactivation studies in transgenic mice.
Methods: Floxed alleles of CBP and p300 were mated to
transgenic mice that express Cre recombinase under the
control of a Pax6 promoter that is active in embryonic ocular
epithelial cells (OVE1644). Single and double knock-out mice
were generated and characterized histologically. Embryonic
eyes were characterized for changes in BrdU incorporation, for
enhanced apoptosis, and for altered gene expression by IHC.

Conclusions: Our data show that AP-2 transcription factors
have both cell autonomous and non-autonomous roles in optic
cup development. In AP-2α germ-line KOs, loss of AP-2α in
multiple tissues in the craniofacial region disturbs the tissuetissue interactions required for ocular development. In the NR,
preliminary studies suggest a cell autonomous, redundant
requirement for AP-2α and AP-2β in differentiation and
organization of amacrine cells.

Results: Inactivation of either CBP or p300 in ocular epithelial
cells caused minimal changes in lens and corneal
differentiation, although the CBP knock-out mice were born
with open eyelids. Inactivation of both CBP and p300 resulted
in severe defects in ocular embryogenesis for both the lens
and cornea. Double knock-out mice are anophthalmic.

EARLY EVENTS IN LENS FORMATION

Conclusions: CBP and p300 play redundant roles during lens
and corneal embryogenesis. In addition to their roles in the
regulation of crystallin gene expression, they are required for
proper expression of genes that are essential for embryonic
formation of the lens and cornea.

M. Jamrich1, O. Medina-Martinez1, E. Swindell1, R. Lang2, A.
Smith2
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THE GENE NETWORKS REGULATED BY PAX6 DURING
LENS FIBER DIFFERENTIATION

Eye development involves the formation of the retina and the
lens, collectively called the eyeball, as well as the formation of
auxiliary eye structures such as the eyelid, lacrimal gland,
cornea and conjunctiva. The focus of our research is to define
the developmental requirements and transcription factors that
are necessary for the formation of each individual eye
structure.

R. Ashery-Padan, O. Shaham
Tel Aviv University, Tel Aviv, Israel
Background and aims: The ocular lens provides an excellent
model system to study the intrinsic and extrinsic cues
governing cell differentiation. The transcription factor Pax6 is
essential for normal development of a number of ocular suborgans including the lens and retina. Cre/loxP mediated
inactivation of Pax6 has revealed its multiple roles in lens
development. During the early stages of lens induction Pax6 is
essential for lens placode formation. At the later stages of
secondary fiber differentiation Pax6 is required for cell-cycle
exit and lens fiber differentiation. This function of Pax6 seems
to be independent of other known transcriptional pathways
including Prox1, cMaf, Sox2 and the canonical Wnt/βcatenin
pathway.

We have shown previously that the homeobox-containing
gene Rx is a key component in the formation of the retina.
Using Rx-deficient embryos and embryonic chimeras, we
demonstrated that Rx-deficient cells cannot participate in the
formation of the neuroretina, retina pigment epithelium and the
distal part of the optic stalk. In Rx-deficient embryos the lens
does not form despite the fact that Rx is not expressed in the
lens. This demonstrates that in mammals, the presence of
retinal cells is necessary for lens formation. In lens
development, the transcription factor Foxe3 plays a key role as
mutation in this gene lead to primary aphakia in humans.
Interestingly, lens formation can be restored in Rx-deficient
embryos by the elimination of b-catenin expression in the head
surface ectoderm, suggesting that this molecules is involved in
lens specification either through Wnt signaling or through its
function in cell adhesion. Furthermore, some auxiliary eye
structures form in the absence of the retina demonstrating that
the formation of auxiliary structures does not depend on the
formation of the eyeball.

The aim of this study was to explore the gene network which is
dependent on Pax6 activity during the transition of the lens
epithelium to differentiated lens fibers.
Methods: To identify the changes in transcription profile
following inactivation of Pax6 during secondary fiber
differentiation, Pax6-deficient (Pax6flox/Pax6flox;Mrl10-Cre), and
control (Pax6flox/Pax6flox) lenses were isolated from E14.5
embryos. The RNA isolated from these lenses was subjected
to analysis of gene-expression profiles using the Affymetrix
GeneChip® Mouse Gene 1.0 ST arrays. Triplicate pools of
RNA each isolated from ~20 lenses were subjected to this
procedure. Microarray data were extracted, normalized and
summarized with the robust multi-average (RMA) algorithm
implemented in the Partek® Genomics SuiteTM. Student´s t
test analysis was performed between the two conditions, and
the differentially expressed genes were extracted (P < 0.05
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HISTONE ACETYLTRANSFERASES CBP AND P300 ARE
REDUNDANTLY REQUIRED FOR EMBRYOGENESIS OF
THE LENS AND CORNEA
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and fold-change cutoff 1.5). Functional enrichments were
calculated with GATHER, Duke University and DAVID,
NIAID/NIH.

Mechanisms of RGC Death in Glaucoma
O391

Results: Using the above criteria, 1013 genes were identified
to be dependent on Pax6 for their normal expression in the
embryonic lens. 259 were down regulated and 754 upregulated. Among the latter enrichment was identified in genes
related to neural development suggesting that Pax6 inhibits
neurogenesis in the lens. Furthermore, significant enrichment
in key signaling pathways was identified among the genes
altered following Pax6 loss, including the MAPK and Insulin
signaling pathways.

HOW MAY RETINAL GANGLION CELLS DEGENERATE IN
PRIMARY OPEN ANGLE GLAUCOMA (POAG)?
N. Osborne1,2
1

Nuffield Laboratory of Ophthalmology, Oxford University,
Oxford, UK, 2Instituto Oftalmologico, Fernandez-Vega Institute,
Oviedo, Spain
Various theories exist to explain how ganglion cells
degenerate at different rates following diagnosis of POAG.
One idea is that axonal transport and delivery of appropriate
trophic factors and/or compression to the individual axons are
differentially affected because of uncontrolled or elevated IOP
and as a result ganglion cells die at different rates. Another
idea is that an alteration in the quality of the blood supply to
the optic nerve head for any of a number of reasons (raised
IOP, vasospasm, insufficient regulation, hypotension,
hypertension, haemorrhage) causes ischemia to ganglion cell
axons, glial cells and the lamina cribrosa in the optic nerve
head region. This results in ganglion cell homeostasis being
compromised so that they become susceptible to secondary
insults which they would have normally tolerated. Possible
secondary insults that might ultimately trigger individual
ganglion cells to die at different times might be initiated by a
combination of factors that include chemicals released from
activated glial cells, ageing or normal light impinging on the
retina. Such a theory is supported by experimental studies and
suggests that the receptor profile and number of mitochondria
of individual ganglion cells are critical in determining when
they die in POAG. Clearly, substances that reduce the impact
of the primary insult(s) to the optic nerve head will reduce the
overall rate of ganglion cell death in POAG. However, reducing
the impact of secondary insults in the treatment of POAG is
also a goal worthy of pursue with drugs having multiple modes
of neuroprotective actions more likely to succeed. In addition,
simply reducing the nature of light entering the eye once
POAG is initiated is an option that requires study.

Conclusions: These results support the notion that Pax6
functions to repress the expression of neuronal genes in the
lens. Furthermore, the findings implicate Pax6 in the regulation
of key signaling pathways involved in the lens fiber
differentiation program.
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EXCITED ABOUT EYE DEVELOPMENT
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Cited2 (CBP/p300-interacting transactivators with glutamic
acid (E) and aspartic acid (D)-rich tail 2) is a founding member
of a new family of transcriptional modulators. We cloned
Cited2 and showed that Cited2 is induced by many biological
stimuli. It is widely expressed and is a transforming gene when
overexpressed. In order to address the role of Cited2 in vivo,
we generated mice with a null mutation at the Cited2 locus and
found that deletion of Cited2 causes Cited2-/- embryos to die at
mid- to late gestation with several developmental defects.
Cited2 expression is detectable in the developing lens.
Histological examination of Cited2-/- embryos revealed lens
stalk formation, a smaller lens and hyaloid hypercellularity
consisting of aberrant vasculature in the eye. The latter is
similar to the pathological features of PHPV (Persistent
hyperplastic primary vitreous), a congenital eye disorder
leading to abnormal lenticular development and secondary
changes of the retina and the eye. Tissue specific deletion of
Cited2 in the lens also resulted in lens stalk formation, a
smaller lens and failed regression of hyaloid vascular system
(HVS) in adult eyes. These results suggest that they are
primary defects associated with loss of Cited2 expression in
the lens and that Cited2 is involved in lens morphogenesis and
hyaloid vascular formation/regression during development.
Cited2 is a negative modulator for HIF-1 function and loss of
Cited2 may result in upregulated HIF-1 mediated hypoxic
responses. This mechanism is partially responsible for the
heart defects observed in Cited2 null embryos. Lens-specific
deletion of HIF-1α eliminates the aberrant hyaloid
hypercellularity in Cited2 deficient embryos, suggesting that
dysregulated HIF-1 signaling may play a role in aberrant HVS
formation in Cited2-/- eyes. Although it is known that chick lens
is a hypoxic organ and HIF-1α is highly expressed in mouse
lens epithelial cells, a direct and detailed examination of the
hypoxia level of a developing mouse lens and the
consequences of its deregulation has never been performed.
We attempt to explore the hypothesis that a Cited2-HIF-1
genetic interaction is essential for HVS formation and
regression. Since lens-specific Cited2 knockout mouse
exhibits failed HVS regression and deletion of HIF-1α rescues
the abnormal hyaloid vasculature in Cited2 knockout eyes, our
mouse line could not only be used as a novel disease model
for PHPV but also for testing potential HIF-1 inhibitors.

O392
MITOCHONDRIA AND GLAUCOMA
I. Trounce1,2,3, Y.X. Kong1,2, N. Van Bergen1,2, S. Lee1, J.
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Glaucoma shares with other common neurodegenerative
diseases the risk factor of aging. Mitochondrial function,
especially the core energy generating pathway of the organelle
called oxidative phosphorylation (OXPHOS), declines with age
in energetic tissues including the central nervous system. The
OXPHOS pathway comprises around 90 proteins assembled
into five multisubunit complexes, with 13 of these protein
genes being encoded on the mitochondrial DNA (mtDNA).
mtDNA integrity declines with age in post-mitotic cells
including neurons. OXPHOS dysfunction creates both an
energetic deficiency due to decreased ATP production, and
oxidative stress due to increased free radical formation. Agerelated mitochondrial failure is gaining increasing attention in
studies of age-related neurodegenerative diseases including
Parkinson's disease and Alzheimer's disease, and recently
mitochondrial abnormalities have been observed in glaucoma
patients. These have included evidence for mtDNA haplotype
associations, and functional data implicating decreased
OXPHOS. We have initiated a research program investigating
the hypothesis that age-related mitochondrial failure is an
important underlying cause of retinal ganglion cell (RGC) loss
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in glaucoma. Our model systems include patient-derived
lymphoblast cells to investigate systemic signatures of
mitochondrial function, patient-derived post-mortem materials
to directly address mitochondrial changes in the affected retina
and optic nerve, and unique mouse models where selected
optic nerve stresses can be superimposed on mild, geneticbased mitochondrial dysfunction. We have established that in
aging mice OXPHOS decreases in the neuro-retina, and that
an acute pressure injury of the eye causes oxidative stress
and a greater loss of function in old eyes as measured by
ERG. Slower recovery from injury is also evident in old eyes
compared with young eyes. In two models of mild
mitochondrial dysfunction, one due to a faulty mtDNA
replication enzyme, the other due to 'mismatching' of nuclear
and mtDNA genomes, we find that pressure injury leads to
greater functional decline, directly implicating mitochondrial
reserve as an important factor in RGC susceptibility to stress.
We have established that a dietary restriction regime of
intermittent fasting (IF) can largely restore the ability of RGCs
from old animals to withstand an acute pressure stress so that
the ERG-measured function recovers more like a younger
animal's eye. Importantly we have established that parameters
of mitochondrial function including levels of OXPHOS proteins
are concordantly increased in IF animal retinas. Ongoing
studies are addressing the mechanism of this improved
mitochondrial function with the aim of mimicking the fasting
response with therapeutics.

Glutamate neurotoxicity has been reported to cause retinal
ganglion cell (RGC) death in glaucoma and linked to
mitochondrial dysfunction in neurodegenerative disorders
including glaucoma. Recently, we found that memantine, the
uncompetitive N-methyl-D-aspartate (NMDA) glutamate
receptor antagonist, blocks release of optic atrophy type 1
(OPA1) and cytochrome c release, and subsequently apoptotic
cell death in glaucomatous DBA/2J mouse retina. However,
the relationships among OPA1 alteration, glutamate
neurotoxicity, and RGC death in glaucoma remain unknown.
Using 9 month-old heterozygous Opa1enu/+ mice that have
reduced OPA1 expression, we have determined that reduced
OPA1 protein increases NMDA receptors such as NR1, NR2A,
and NR2B, as well as alters antioxidant gene expression in the
retina. Heterozygous Opa1enu/+ mice significantly increased
RGC loss at 9 month-old age, and activated astroglia and
microglia in the ganglion cell layer (GCL). Further,
heterozygous Opa1enu/+ mice significantly increased protein
levels of NMDA receptors in the retina and also showed
increased immunoreactivities for NMDA receptors in the GCL.
In addition, Gpx1 and SOD2 mRNA were significantly
decreased in the retina of heterozygous Opa1enu/+ mice
compared to wild-type control mice. In contrast, heterozygous
Opa1enu/+ mice significantly increased Gpx4 and HO-1 mRNA
in the retina. These results suggest that OPA1-mediated
NMDA receptor activation may be an important component of
the biochemical cascade leading to RGC death in
glaucomatous retina.
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THE IMMUNE SYSTEM IN RGC DEATH
OXIDATIVE STRESS AND GLAUCOMA
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As much as uncontrolled immunity can be destructive, wellcontrolled immunity benefits neural tissue survival and repair.
Several studies provided evidence that there is a potential role
of the immune system in the pathogenesis in glaucoma and
that glaucoma patients suffer from alterations in their natural
autoimmunity. In several studies up-regulations of
autoantibody reactivities e.g. against different heat shock
proteins such as HSP27 could be demonstrated in glaucoma
patients. Furthermore, the analysis of the complex
autoantibody profiles against ocular antigens (retina and optic
nerve) revealed up-regulations, but also consistently
significant down-regulations of immunoreactivities against
ocular antigens in glaucoma patients. In general, the role of
these antibody reactions is widely unclear. They can be
causative to the disease, but some of them could also develop
as a consequence of the disease (epiphenomenon). The role
of these autoantibodies could furthermore demonstrated in an
immunization model which lead subsequently to a loss of
RGCs. Furthermore, we could show that the blood of
glaucoma patients reveal specific effects on RGCs in cell
culture.

Modifications of the pro-oxidant/antioxidant equilibrium can
lead to increased oxidative damage, especially when the
intrinsic antioxidant capacity weakens with age. Such a state
of "oxidative stress" is thought to contribute to the
pathogenesis of a number of neurodegenerative diseases
including glaucoma. In particular, chronic changes in the
composition of factors present in the humor aqueous or in the
retina may damage macromolecules such as DNA, proteins,
and lipids both in trabecular cells and retinal ganglion cells
(RGC). In the anterior chamber, reactive oxygen species
(ROS) are able to affect the cellularity of the human trabecular
meshwork, suggesting that intraocular pressure increase is
related to oxidative processes affecting the trabecular
meshwork and, more specifically, its endothelial cells. In RGC,
besides the evidence of direct cytotoxic effects leading to
apoptosis, it has been suggested that ROS are involved in
triggering cell death by acting as a second messenger by
redox modifications of downstream effectors. In particular, it
has been reported that oxidative protein modifications in
glaucoma increase RGC susceptibility to damage and also
lead to glial dysfunction which in turn may contribute to
spreading neuronal damage by secondary degeneration. In
addition, in glaucoma models, ROS stimulate the antigen
presenting ability of glial cells, thus confirming the hypothesis
that oxidative stress is also involved in the activation of
immune-mediated
response
during
glaucomatous
neurodegeneration. Finally, it is conceivable that glaucoma
patients might have a genetic predisposition, rendering them
more susceptible to ROS-induced damage both at the
trabecular and the RGC level. Taken together, these data
support the hypothesis that oxidative stress is a key factor in
the pathogenesis of glaucoma and might be an important
target for both prevention and therapy.

These complex changes in natural autoimmunity and the
possible loss of protective functions in glaucoma patients
could lead to innovative new therapeutic immunomodulatory
strategies and to antibody biomarker for early detection.
O394
OPA1-MEDIATED NMDA RECEPTOR ACTIVATION IN THE
MOUSE RETINA
W.-K. Ju
Hamilton Glaucoma Center, University of California San
Diego, La Jolla, CA, USA
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oxygen-induced vascular loss followed by hypoxia-induced
pathological
neovascularization.
Recombinant
Norrin
significantly increased proliferation, viability, migration and
tube formation in vitro. Two independent transgenic mouse
strains with ectopic overexpression of Norrin were generated
and exposed to high oxygen. Vascular loss was significantly
smaller in retinae of transgenic mice as compared to wild-type
littermates. In addition, the anatomical correct regrowth of
vessels was significantly increased, while pathological
neovascularization was suppressed. In vitro and in vivo effects
of Norrin involved Wnt/β-catenin signaling. Treatment of
microvascular endothelial cells with Norrin caused a
substantial increase in the expression of angiopoietin-2 (Ang2). When inhibitory antibodies against Ang-2 were added to
Norrin, the proliferative effects of Norrin were significantly
suppressed. We conclude that Norrin is a potent factor to
induce angiogenesis in microvascular endothelial cells, which
has the distinct potential to suppress the damaging effects of
oxygen-induced retinopathy in vivo. The effects of Norrin
appear to be mediated, at least partially, via the induction of
Ang-2. Since Norrin-deficient mice show an early specific loss
of retinal ganglion cells (RGC), we hypothesized an additional
neuroprotective role of Norrin. To analyze this function of
Norrin, we investigated its neuroprotective properties on RGC
survival in mouse eyes. After injection of NMDA, the numbers
of optic nerve axons and of perikarya of surviving RGC were
significantly higher in NMDA/Norrin injected eyes as compared
to NMDA treated eyes, an effect that could be blocked with
Dickkopf-1. Comparable results were obtained by TUNEL
labeling. After treatment of cultured Müller cells with Norrin or
of mouse eyes with NMDA plus Norrin, the levels of β-Catenin
were markedly increased, indicating an activation of the Wnt/βCatenin signaling pathway. In addition, Norrin induced an
activation of Müller cells and the expression of Lif and
endothelin-2 after retinal damage with NMDA. Moreover,
Norrin induced the expression of neuroprotective growth
factors such as FGF2, BDNF, LEDGF and CNTF in damaged
retinae and cultured Müller cells. We conclude that Norrin has
pronounced neuroprotective properties on RGC via activation
of Wnt/β-Catenin signaling and subsequent induction of
neurotrophic growth factors in Müller cells.

P2X7-MEDIATED RETINAL GANGLION CELL DEATH IN
HUMAN ORGANOTYPIC RETINAL CULTURES
J. Sanderson1, N. Niyadurupola1,2, P. Sidaway1, D.C.
Broadway2
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Background and aims: The P2X7 receptor is an ionotropic
receptor activated by high extracellular concentrations of ATP.
Activation of the P2X7 receptor is associated with
neurodegeneration in the CNS. The aim of this research was
to investigate P2X7-mediated retinal ganglion cell (RGC) death
in the human retina using organotypic retinal cultures.
Methods: Donor eyes were received from the East Anglian
Eye Bank within 24 hours post mortem. Human Organotypic
Retinal Cultures (HORCs) were taken from the para-macular
region (5 per retina) and maintained in DMEM/HamF12
medium. Previous experiments have shown equivalent RGC
density in each of these samples. RGC number was assessed
using 2 RGC markers, measuring the number of NeuNlabelled cells in the RGC layer by immunohistochemistry and
the levels of Thy-1 mRNA by QRT-PCR. Simulated ischaemia
was induced by oxygen/glucose deprivation (OGD) in which
HORCs were cultured for 1 hour in glucose-free medium in a
modular incubator gassed with 95%N2/5%CO2 followed by
culture for a further 24 hours in control medium.
Results: The P2X7 receptor agonist BzATP (100uM) caused a
51% decrease in NeuN-positive cells at the 24 hour time point
compared to controls. In addition, there was a 36% decrease
in the level of Thy-1 mRNA. Incubation with the P2X7 receptor
antagonist BBG (1uM) inhibited both the decrease in NeuNpositive cells and Thy-1 mRNA. RGC cell death was further
investigated using simulated ischaemia. Oxygen/glucose
deprivation resulted in a loss of RGCs in the HORCs.
Specifically, there was a 40% decrease in NeuN-labelled cells
and a 44% decrease in Thy-1 mRNA compared to controls.
Both these were almost totally inhibited by incubation with
BBG (1uM) at the time of the ischaemic stress. P2X7 receptor
immunolocalization was carried out and showed the presence
of the receptor in the outer plexiform layer, but not in the RGC
layer.

Supported by DFG Research Unit 1075
O398
THE ROLE OF CONNECTIVE TISSUE GROWTH FACTOR
IN THE MODULATION OF INTRAOCULAR PRESSURE

Conclusions: Stimulation of the P2X7 receptor results in
degeneration of human retinal ganglion cells. The P2X7
receptor antagonist BBG is neuroprotective both during direct
P2X7 receptor stimulation and in simulated ischaemia,
indicating that ischaemic retinal ganglion cell death is via P2X7
stimulation in this model. Localization of the P2X7 receptor to
the OPL suggests indirect actions in mediation of RGC death.
These data give supportive evidence for a role of the P2X7
receptor in retinal ganglion cell death in glaucoma.
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Connective tissue growth factor (CTGF) is expressed at
relative high amounts in the human trabecular meshwork (TM),
and increases extracellular matrix deposition in cultured
human TM cells. We investigated the effects of CTGF
overexpression on TM structure and intraocular pressure (IOP)
in the mouse eye. CTGF overexpression in the TM of mouse
eyes via adenoviral-mediated gene transfer caused a
substantial increase in the amounts of CTGF in the anterior
eye, and a significant increase in intraocular pressure. The
chamber angle of infected eyes was wide open, and signs of
adenoviral-mediated inflammation were essentially absent. In
parallel experiments, transgenic mice with moderate CTGF
overexpression driven by the betaB1-crystallin promoter were
generated. Transgenic mice showed an increase in CTGF in
the aqueous humor and a significant increase in intraocular
pressure, while obvious structural defects of the anterior eye
were absent. By immunohistochemistry, mouse eyes with
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NORRIN: A RETINAL GROWTH FACTOR WITH
ANGIOGENIC AND NEUROPROTECTIVE PROPERTIES
E.R. Tamm, A. Ohlmann, R. Seitz, B. Braunger
University of Regensburg, Regensburg, Germany
Norrin is a secreted protein that activates Wnt/β-Catenin
signaling and is part of an essential signaling system that
controls the formation of retinal capillaries during development.
We studied the role of Norrin in microvascular endothelial cells
in vitro, and in a mouse model of retinopathy characterized by
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CTGF overexpression and high IOP showed a substantial
increase in the amounts of fibronectin in the chamber angle,
as well as a pronounced increase in chamber angle cells that
stained positive for alpha-smooth muscle-actin. To analyze, if
CTGF directly modulates the actin cytoskeleton of TM cells,
stably transfected human TM cell lines were generated, with
CTGF overexpression or a knock-down of CTGF expression.
TM cells with CTGF overexpression expressed more actin
stress fibers than control cells. In contrast, actin stress fibers
were rare or completely absent in cells with CTGF knockdown, an effect that could be reversed upon treatment of TM
cells with recombinant CTGF. The amounts of phosphorylated
focal adhesion kinase were high in TM cells with CTGF
overexpression, and low in cells with CTGF knock-down. Our
results strongly indicate that connective tissue growth factor is
a key modulator of the actin cytoskeleton in trabecular
meshwork cells.

cells equally enhanced both basal and Wnt3a-induced
canonical Wnt signaling activity. In addition, LRP5Q89R was
not hypersensitive to Dkk-1 mediated Wnt signaling inhibition
(p>0.05).
Conclusions: There is a canonical Wnt signaling pathway in
TM cells, and inhibiting its activity raises IOP. LRP5 increased
canonical Wnt signaling in our cell based assays, but the
Q89R polymorphism associated with some glaucoma patients
did not appear to affect Wnt signaling. Further studies are
needed to elucidate the role of the canonical Wnt pathway in
POAG.
O400
INTERACTIONS OF BONE MORPHOGENETIC PROTEINS
(BMP) AND TGF-Β2 IN THE TRABECULAR MESHWORK
(TM)

An increase in TM cell tone appears to cause an increase in
intraocular pressure in eyes with high amounts of CTGF in the
anterior eye. A comparable scenario could be involved in the
decrease of TM outflow facility in human eyes with primary
open-angle glaucoma (POAG). Modification of CTGF signaling
appears to be a promising strategy to treat POAG.

R. Wordinger1,2, A. Sethi1, T. Tovar-Vidales1, A. Clark1,2
1

Cell Biology and Anatomy, 2North Texas Eye Research
Institute, UNT Health Science Center at Fort Worth, Fort
Worth, TX, USA
Background and aims: TGF-β2 levels are elevated in
aqueous humor (AH) of glaucoma patients. TGF-β2 increases
deposition of extracellular matrix (ECM) proteins in the TM and
elevates IOP in the perfused organ culture system and animal
models. We have previously reported that TM cells express
BMP-2, -4, -5 and -7 and that BMP-4 inhibits TGF-β2 mediated
ECM deposition. We have also reported that the BMP
antagonist gremlin is elevated in glaucomatous TM cells and
blocks BMP-4 inhibition of TGF-β2 mediated ECM protein
deposition. The aims of this study were to determine (1) if
BMP-2, -5 and -7 also inhibit TGF-β2 mediated ECM
deposition and (2) if exogenous gremlin can directly effect
ECM deposition in cultured human TM cells.

O399
ROLE OF THE CANONICAL WNT SIGNALING PATHWAY
IN GLAUCOMA
W. Mao, R. Wordinger, A. Clark
Cell Biology and Anatomy, North Texas Eye Research
Institute, University of North Texas Health Science Center,
Fort Worth, TX, USA
Background and aims: Our previous studies showed that
members of the Wnt signaling pathway are expressed in the
human trabecular meshwork (TM), and the Wnt inhibitor
sFRP1 expression is elevated in glaucomatous TM (GTM)
cells. sFRP1 expression elevated intraocular pressure (IOP) in
perfusion cultured human eyes and in transduced mouse
eyes. The purpose of this study is to: 1) confirm the presence
of a functional canonical Wnt signaling pathway in TM cells
that regulates IOP and 2) determine whether a polymorphism
(Q89R) in the Wnt co-receptor LRP5 found in glaucoma
patients alters canonical Wnt signaling.

Methods: First, primary human TM cell strains were treated
with TGF-β2 (5ng/ml), BMPs 2, 4, 5, or 7 (10ng/ml), gremlin
(1ug/ml), or a combination of TGF-β2, BMPs, and/or gremlin
alone for 48 hours. The effects of TGF-β2, BMPs, and gremlin
on ECM protein expression were determined by western
immunoblotting. Second, TM cells were cultured in the
presence or absence of recombinant mouse gremlin (1005000 ng/mL) for 1-48 hours, and total RNA or protein lysates
and conditioned medium were harvested. The effects of
gremlin treatment were assayed by RT-PCR and western
immunoblotting for fibronectin (FN), collagen-1, PAI-1 and
tropoelastin. Gremlin treated TM cells were also examined for
Smad2/3, p38, and JNK activation. Cells were treated with
Smad3 and TGF-β receptor inhibitors and gremlin to examine
the involvement of the canonical TGF-β2 signaling pathway.

Methods: Canonical Wnt signaling activity was evaluated by
transfection of human TM cells and HEK293T cells with
TCF/LEF reporter, LRP5 (WT and Q89R) and DKK-1
plasmids. Protein expression and interactions were
determined using western immunoblotting and coimmunoprecipitation analyses. Surface proteins were labeled
with biotin and pulled down with Neutravidin beads followed by
western immunoblotting. In order to determine whether
canonical Wnt signaling regulates IOP, mouse eyes were
injected with an Ad5.DKK1 expression vector, and IOPs were
measured using the Tonolab rebound tonometer.

Results: BMP-2, -4, and -7 but not BMP-5 inhibited TGF-β2
mediated FN expression by TM cells. TGF-β2 induced the
expression of gremlin in a dose-dependent manner. Also
exogenous gremlin induced mRNA expression and protein
levels of ECM related components FN, collagen-1, PAI-1 and
tropoelastin in TM cells. In a time dependent manner, gremlin
increased pSmad2/3 but did not activate p38 or JNK signaling.
Smad3 and TGF-β receptor inhibitors blocked the gremlin
effect.

Results: The canonical Wnt signaling pathway was dosedependently activated or inhibited by Wnt3a or SFRP-1 (p<
0.05), respectively. Over-expression of the Wnt canonical
signaling inhibitor DKK-1 in mouse eyes significantly elevated
IOP (p< 0.001) on days 6-14 post-injection, confirming
involvement of the Wnt/b-catenin pathway in IOP regulation.
The LRP5Q89R polymorphism was found in a subset of
primary open angle glaucoma (POAG) patients and not
controls. However, LRP5WT and LRP5Q89R were expressed
at similar levels in transfected HEK293T cells, and coimmunoprecipitation showed that LRP5Q89R did not
compromise LRP5 binding to MESD, a chaperone for
trafficking LRP5/6 to cell surface. In surface labeling studies,
membrane presentation of LRP5Q89R was not impaired.
Over-expressing LRP5WT or LRP5Q89R in TM and HEK293T

Conclusions: Results demonstrate that BMP-2, -4 and -7, but
not BMP-5, inhibit TGF-β2 mediated ECM deposition by TM
cells. In addition gremlin increased the expression of FN,
collagen-1, PAI-1 and tropoelastin. Gremlin also activated
canonical TGF-β/Smad signaling. Moreover, gremlin's effects
are inhibited upon blocking the TGF-β/Smad signaling
pathway.
Acknowledgments: Research was supported by NIH grant
EY-017374 (RJW).
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cycle progression, but is dispensable for the production of selfrenewing asymmetric cell divisions that produce a RPC and a
differentiating neuron. In late RPCs, however, Numb no longer
affects proliferation, but is absolutely required to generate
terminal asymmetric cell divisions that produce a
photoreceptor and another retinal cell type. These results
demonstrate a changing role for Numb during retinogenesis,
and a new function in terminal asymmetric cell divisions.

Animal Models of Retinal Development
and Degeneration: Impact on the Structure
and Function
O401

O403

DIETARY DOCOSAHEXAENOIC ACID (DHA)
SUPPLEMENTATION PREVENTS AGE-RELATED
FUNCTIONAL LOSSES AND LIPOFUSCIN
ACCUMULATION IN THE RETINA

EXPLORING THE ROLES OF THE AXON GROWTH
INHIBITOR NOGO-A/RETICULON-4A ON THE INJURED
RETINAL GANGLION CELL NEURONS

Y. Sauve

V. Pernet1, S. Joly2, J.L. Martin3, M.E. Schwab1

Ophthalmology, University of Alberta, Edmonton, AB, Canada

1

Brain Research Institute/University of Zurich/ETH, 2University
Hospital of Zurich, Zurich, Switzerland, 3Loyola University
Medical Center, Maywood, IL, USA

With age, there is a progressive decline in retina function and
accumulation of the toxin lipofuscin in retinal pigment epithelial
cells, which are exacerbated in age-related retinal disease. We
assessed the effect of dietary DHA supplementation on retina
function and lipofuscin levels as a function of age using a
dominant Stargardt disease model. Dietary DHA intake was
manipulated from ages 1-3, 1-6, 6-12, and 12-18 months,
respectively, in C57Bl6 wildtype mice (WT) and ELOVL4
transgenic mice. WT and ELOVL4 mice were each divided into
two groups: the first fed 1% DHA (over total fat) custom-made
diet (E4+, WT+) and the second fed a similar diet but without
DHA (ELOVL4-, WT-); total fatty acid levels were the same in
both diets. Electroretinogram (ERG) recordings for all trials
and terminal A2E measures (from eyecups) for trials 6-12 and
12-18 months were used to assess retina function and
lipofuscin levels, respectively. Analysis of plasma and retina
DHA levels for the 1-3 months trial, confirmed increased levels
in WT+ and ELOVL4+ compared to WT- and ELOVL4-,
respectively. DHA supplementation was associated with
preserved ERG response and lower A2E levels in ELOVL4
mice fed DHA for the 1-3 months trial. A similar beneficial
effect of DHA supplementation was also observed in WT mice
for the 12-18 months trial. These findings imply that DHA
supplementation could have a broad therapeutic application,
which would bypass the primary defect found in the ELOVL4
mouse model of Stargardt-like dystrophy.

Background and aims: Nogo-A/reticulon-4A has been
identified as a potent myelin-associated inhibitor for axonal
plasticity and regeneration. However, this protein was also
found to increase in CNS neurons after injury. The goals of the
present study were to test 2 hypotheses according to which 1)
Nogo-A up-regulation may influence the endoplasmic
reticulum (ER) stress-associated cell death and 2) the
presence of Nogo-A in neurons may mediate axonal growth
inhibition after axotomy in vivo.
Method: The model of optic nerve (ON) lesion was used in
C57Bl6 mice to examine retinal ganglion cell (RGC) survival
and axonal regeneration 2 weeks after optic nerve transection
and micro-crush lesion. Expression levels and localizations of
Nogo-A, the RGC cell marker beta III tubulin, the Mueller cell
marker glutamine synthetase, and ER stress markers were
monitored by western blotting, immunohistochemistry and
semi-qRT-PCR between 1 and 14 days post-lesion. Neuron
survival and regeneration were observed in Nogo-A knock-out
(KO) mice or after Nogo-A knock-down mediated by the
injection of an adeno-associated virus 2 (AAV2) containing an
shRNA to Nogo-A.
Results: In the intact retinas, Nogo-A was mostly detected in
Mueller cell end-feet and stayed stable in gliotic Mueller cells
post-axotomy. However, a long-lasting Nogo-A up-regulation
occurred in RGCs with soma diameters bigger than that of
RGC cell bodies negative for Nogo-A. Cells up-regulating
Nogo-A were not labelled with the apoptotic marker annexin V
at 7 days, suggesting that Nogo-A accumulation in neurons is
not toxic. In addition, the ER stress protein CHOP was
significantly increased between 1 and 5 days following injury
but did not co-localize with Nogo-A in large RGCs. Intraocular
injection of AAV2.shRNA-Nogo-A specifically decreased
Nogo-A expression in RGCs. The quantitative analysis of RGC
survival did not present a significant difference between
groups treated with AAV2.shRNA-Nogo-A and AAV2.GFP or
between WT and Nogo-A KO mice. A spontaneous growth
response was detected in injured WT retinas with the marked
elevation of ATF3 and to a lower extent of GAP-43 mRNAs.
Nevertheless, the number of axons crossing the lesion site
could not be increased in the ON after AAV2.shRNA-Nogo-A
injection relative to AAV2.GFP.

O402
MECHANISMS OF CELL DIVERSIFICATION IN THE
DEVELOPING RETINA
A. Kechad, M. Cayouette
Cellular Neurobiology, Institut de Recherches Cliniques de
Montreal, Montreal, QC, Canada
The recent identification of adult retinal stem cells and induced
pluripotent stem cells raised the hope that one day these cells
might be used to regenerate retinal cell types lost in various
retinal degenerative diseases. Before contemplating such
approaches, however, it will be critical to better understand
how normal retinal development takes place, such that the
critical events that lead to the production of specific retinal cell
types can be faithfully recapitulated from multipotent or
pluripotent stem cells. To gain insights into this problem, we
are studying how multipotent mouse retinal progenitor cells
(RPCs) give rise to the seven major retinal cell types during
development. Recently, we discovered that some RPCs reorient their mitotic spindle to divide along the apicobasal axis.
Since the endocytic adapter protein Numb localizes
asymmetrically on the apical side of mitotic RPCs, we
hypothesized that asymmetric partitioning of Numb following
apicobasal divisions might regulate the production of
asymmetric cell divisions that produce different daughter cell
types. Using spatial- and temporal-specific gene inactivation in
mice, we showed that, in early RPCs, Numb is required for cell

Conclusions: We showed here that axon injury induced a
remarkable increase of Nogo-A and ER stress activation in
RGCs. However, contrary to what has been proposed before,
AAV2-mediated down-regulation of Nogo-A in neurons did not
affect the ER stress, neuron apoptosis and could not promote
axonal regeneration after optic nerve lesion.
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THE PROTECTIVE EFFECTS OF MUELLER CELLS ON
DAMAGED PHOTORECEPTORS IN THE MODEL OF
LIGHT-INDUCED RETINOPATHY

Background and aims: We have previously demonstrated
that the energy requirement of neurons triggers retinal
neovascularization.
Paradoxically,
physiological
revascularization is impeded in ischemic retinopathies, where
blood vessels grow towards the vitreous body and fail to enter
ischemic regions of the retina. In light of the anatomic coupling
between neurons and vessels, shared guidance mechanisms
have been inferred. Here we describe the pathological
contribution of neuronal derived Semaphorin 3A (a classic
neuronal repulsion cue) in mediating the cardinal features of
proliferative retinopathies such as Diabetic Retinopathy and
Retinopathy of Prematurity.

S. Joly1, P. Lachapelle2, C. Grimm1
1

University Hospital of Zurich, Zurich, Switzerland, 2McGill
University-Montreal Children's Hospital Research Institute,
Montreal, QC, Canada
Background and aims: Retinal degenerative diseases such
as retinitis pigmentosa (RP) or age-related macular
degeneration (AMD) result in severe visual impairments and
blindness in the most extreme cases. To improve therapeutic
treatments against these diseases, we investigated the
endogenous mechanisms of photoreceptor protection
mediated by the Mueller glial cells.

Methods: The expression of Sema3A and their receptor
Neuropilin-1
was
assessed
by
Western
blot,
immnunohistochemistry and laser capture micro-dissection
(LCM) with quantitative real time PCR. The extent of retinal
vaso-obliteration (VO) and neovascularization (NV) was
determined in a mouse model of oxygen-induce retinopathy
(OIR; 75% O2 from P7-P12) following Sema3A knockdown in
retinal ganglion cells (RGCs) (silenced by intra-vitreal injection
of shRNA-containing lentivirus). Repulsion of vessels by
Sema3A was confirmed ex vivo using endothelial cells and
aortic ring sprouting assays. Appraisal of retinal function was
performed by full field electroretinograms (ERGs).

Methods: To study the Mueller cell response to photoreceptor
cell insult, the model of bright light exposure was used in
newborn and adult rodents. The function of the retinal cells
was evaluated by electrophysiological recordings while the
structure of the retina was examined by light microscopy.
Expression of genes and of proteins was followed by semiqRT-PCR
and
by
Western
Blotting,
respectively.
Immunohistochemistry was performed on 12µm-thick frozen
sections.
Results: Retinas of newborn rats exposed to bright light from
postnatal day (PND) 14 to 20 or from PND 14 to 28 were
functionally and structurally better preserved than retinas of
adult rats exposed for the same duration of time. Our results
suggested that this protection could be due to the upregulation of neurotrophic factors such as fibroblast growth
factor-2 (FGF2) and ciliary neurotrophic factor by Mueller cells
in juvenile retinas. In the adult retina, Mueller glial cells
released leukemia inhibitory factor (LIF) that protected
photoreceptors in the light damage model and also in VPP
mice, a model of inherited photoreceptor degeneration. Injuryinduced LIF expression stimulated endothelin 2, Signal
Transducer and Activator of Transcription 3 (STAT3), FGF2
and glial fibrillary acidic protein (GFAP). Interestingly, contrary
to excitotoxic damage in the inner retina, light induced a nonproliferative gliosis of the Mueller cells. Surprisingly, the
mitosis marker phospho-histone 3 and the cyclins D1 and D3
were strongly expressed in Mueller cells, suggesting that they
enter the cell cycle but they are stopped at the G1-S phase
transition. Concomitantly, a massive shift in the localization of
the Pax6-positive Mueller cell nuclei occurred toward the
photoreceptor layer.

Results: Following OIR, ischemic RGCs in the avascular zone
produce Sema3A, while their receptor Neuropilin-1 is
predominantly found on neo-vascular tufts. Silencing Sema3A
expression during OIR greatly increases tip cell formation and
enhances the rate of physiologic revascularization of the
ischemic retina throughout the course retinopathy (by more
then 50%). Accordingly, the total areas of vaso-obliteration are
similarly reduced. Moreover inhibition of Sema3A production
effectively curtails pathological pre-retinal neovessel formation
(by ~50%). Consistent with a role in vascular repulsion, neovessels persistently avoid Sema3A rich zones in a 3D model
of vascular sprouting. These beneficial effects of Sema3A
knockdown, translate into substantial gains in visual function
as determined by significant increases in both a and b waves
as determined by ERGs.
Conclusion: Neuronal-derived Sema3A forms an important
chemical barrier that impedes normal revascularization and
contributes to pre-retinal vessel growth in OIR. Approaches to
foster normal retinal revascularization while countering
pathological neovascularization, without affecting VEGF is
highly desirable for patients afflicted with ischemic proliferative
retinopathies and may prove to be complimentary to currently
employed clinical strategies. Importantly, our data further
illustrate how breakdown in neuro-vascular cross-talk can
exacerbate proliferative retinopathies.

Conclusions: Photoreceptor insult activates endogenous
mechanisms of protection involving the release of neurotrophic
factors by Mueller cells. However the protective effects are
only transient. We speculate that the displacement of Mueller
cell bodies and expression of cell cycle molecules may reflect
the instability of the Mueller cells that may alter their ability to
support photoreceptor protection on the long term.
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MEMBRANE PROTEIN TRANSPORT IN MOUSE
PHOTORECEPTORS

RETINAL GANGLION CELL-DERIVED SEMAPHORIN 3A IS
AN IMPORTANT CONTRIBUTOR TO PRE-RETINAL
NEOVASCULARIZATION IN ISCHEMIC PROLIFERATIVE
RETINOPATHIES

W. Baehr
University of Utah, Salt Lake City, UT, USA
Daily renewal of ~10% (about 100 discs) of the outer segment
membrane requires a high rate of biosynthesis to replace OS
proteins. A central question concerns the transport of
membrane proteins, particularly the mechanisms of targeting
to the outer segments and intraflagellar transport (IFT) through
the connecting cilium. We investigated membrane protein
transport in photoreceptors using gene knockout technology

P. Sapieha1,2,3, J.-S. Joyal3,4, N. Sitaras3,5, B. Francois1,3, K.
Zaniolo3,5, M. Davari6,7, J.-C. Honore3,5, A. Stahl8, N.M. Krah8,
M.R. Seaward8, R. Dennison8, D. Kunik1,2, A. Polosa6,7, P.
Lachapelle6,7, S. Costantino1,2, L. Smith8, S. Chemtob1,2,3
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focusing on Gucy2e/Gucy2f (guanylate cyclases or GCs),
Pde6d (prenyl binding protein PrBP/δ), Lrat (lecithin retinol
acyl transferase) and Kif3a (subunit of Kinesin-II). GCs
produce
cGMP,
the
secondary
messenger
of
phototransduction. GC knockouts not only prevent cGMP
synthesis, but also impede transport of peripheral membrane
proteins (transducin, PDE6, GRK1, GCAPs) to the outer
segments. Remarkably, rods and cones are affected distinctly
and reveal striking differences in trafficking of peripheral
membrane proteins. LRAT and RPE65 are key enzymes in the
retinoid cycle supplying the photoreceptors with recycled 11cis-retinal. In the absence of chromophore, opsin targets to the
rod outer segments while cone pigments mistarget to
membranes throughout the cone cell. In addition, proteins of
the cone cascade are not targeted to the outer segments and
are degraded, a trafficking defect that can be reversed by
intraperitoneal supply of 11-cis-retinal. Deletion of Pde6d
affects transport of cone PDE and GRK1, but has little effect
on rod PDE trafficking. Finally, heterotrimeric Kinesin-II,
consisting of KIF3A, KIF3B and KAP3 subunits, is thought to
be involved in anterograde intraflagellar transport of
membrane proteins through the connecting cilium. A conespecific Kif3a knockout reveals that phototransduction proteins
do not traffic to the cone outer segments, while a rod-specific
knockout permits transport of rod phototransduction
components. Results of these knockouts show that rod and
cone transport mechanisms diverged during evolution,
employing distinct chaperones/cofactors for vesicular transport
and even distinct molecular motors for IFT.
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Retinal Inflammation and AMD 2

Results: Thirty six patients and 16 control subjects were
enrolled in the study. Patients were graded according to the
AREDS criteria, as mild (n=4), intermediate (n=14), and
advanced AMD (n=18). The advanced group was further
divided into active choroidal neovascularization (CNV) (n=9),
disciform scar (n=7) and central geographic atrophy (n=2).
MCP-1 level was elevated in the aqueous humor in eyes with
advanced AMD (mean 186±138 pg/ml) compared to control
levels (mean 100±61 pg/ml, p=0.03), and specifically in eyes
with active CNV (215±157pg/ml, p=0.02). IL-6 was found to be
present in the aqueous humor of control eyes (351±516
pg/ml), with a trend of elevated levels in eyes with mild AMD
(1459±1793 pg/ml, p=0.06). Levels of MCP-1 and IL-6 were
verified by western blot analysis.

LEVELS OF CYTOKINES IN THE AQUEOUS HUMOR OF
PATIENTS WITH AGE-RELATED MACULAR
DEGENERATION
M. Kramer1,2, M. Hasanreisoglu1, A. Feldman2,3, R. Axer
Siegel1,2, P. Sonis3, I. Mahrshak1, Y. Monselise4, M.
Gurevich2,3, D. Weinberger1,2
1

Department of Ophthalmology, Rabin Medical Center, Petah
Tikva, 2Sackler School of Medicine, Tel Aviv University, Tel
Aviv, 3Neurogenomic Laboratory, Multiple Sclerosis Center,
Sheba Medical Center, Tel- Hashomer, 4Laboratory of Clinical
Immunology, Rabin Medical Center, Petah Tiqva, Israel
Introduction: Age-related macular degeneration (AMD) is not
a typical inflammatory disease, however, there is accumulating
data to suggest a critical role of inflammation and immunologic
factors in the pathogenesis of AMD. The purpose of this study
was to measure the concentration of multiple cytokines in the
aqueous humor (AH) of patients with mild, intermediate, and
advanced AMD.
Methods: AH samples were obtained from patients with AMD
and aged -matched control subjects during cataract surgery.
The level of AMD was graded clinically prior to surgery.
Multiple cytokines (basic-FGF, IFN-γ, Interleukin (IL)-1β, IL-10,
IL-12(p70), IL-4, IL-6, IL-8, IL-17, MCP-1, TNF-α, and VEGF
were measured by Luminex X-MAP technology. Verification of
positive results was performed by western blot analysis.

O407
THE CLINICAL SPECTRUM AND MANAGEMENT OF
EXUDATIVE AGE-RELATED MACULAR DEGENERATION
A. Samad
Dalhousie University, Halifax, NS, Canada
Age-related macular degeneration (ARMD) is the most
common cause of blindness in North America. It is
characterized by the accumulation of drusen and pigmentary
alterations within the macula. Approximately 10% of these
patients will progress to develop exudative changes due to the
proliferation of an immature vascular network emanating from
the choroid and extending into the retinal and sub-retinal
space. The choroidal neovascular complex (CNV) is
accompanied by inflammatory cells, macrophages, and
fibroblasts. It lacks the normal barrier function to
macromolecules, which results in leakage with sub-retinal
exudation and edema. The fragile nature of these vessels
predisposes to spontaneous bleeding within the retina. The
accompanying inflammatory response results in fibrosis and
photoreceptor atrophy.

In the subgroup of disciform scar a trend of elevated levels
compared to control levels was measured for IL-12(p70)
(1.7±2.4 pg/ml, 0.2±1pg/ml, respectively, p=0.07), TNF-α
(1.8±2.4 pg/ml, 0.3±1pg/ml, respectively, p=0.06) and IL-8
(4.7±6.4pg/ml, 1.2±2.1pg/ml, respectively, p=0.08). No
difference was found for the other measured cytokines,
between the patients´ and control groups, except for
decreased levels of VEGF in the active CNV subgroup.
Conclusion: The elevated levels of inflammatory cytokines in
the various stages of AMD, support the concept of
inflammation as part of the pathogenesis of the disease. IL-6
may be present in the early stages of the disease; MCP-1 may
have a role in the angiogenic phase, while IL-12(p70), TNF-α
and IL-8 may have a role in the healing process.

The clinical presentation of the CNV ranges from a focal
detachment of the retinal pigment epithelium (RPE) to subretinal hemorrhage with exudation and subsequent disciform
scarring.
Corresponding
symptoms
include
central
metamorphopsia, scotomas, and eventual permanent visual
loss.
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Therapeutic approaches to inhibit abnormal vascular
proliferation and leakage have evolved. Treatment strategies
have included thermal ablation of the CNV, surgical extraction,
selective vascular thrombosis, and inhibition of vascular
endothelial growth factor (VEGF).

AGE-RELATED VARIEGATION OF SOD2 EXPRESSION IN
CONJUNCTION WITH RPE/CHOROID INFLAMMATION
L. Hjelmeland, Z. Smit-McBride, S. Oltjen
Ophthalmology and Vision Science, University of California,
Davis, CA, USA
The mouse RPE/choroid has been previously demonstrated to
accumulate leukocytes as a function of age. We explored the
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changes in the expression of SOD2 (Mn SOD) in the mouse
RPE/choroid as a function of age in relationship to the
accumulation of leukocytes. SOD2 has previously been
demonstrated to be responsive to TNF alpha or IL1 through an
enhancer in the second intron of the gene. BALB/c mice at
various ages were purchased from the NIA aging colony. To
evaluate gene expression, total RNA was isolated from the
RPE /choroid and subjected to qPCR. Whole eyes from the
same
animals
were
fixed
and
sectioned
for
immunohistochemistry and laser scanning cytometry to
evaluate protein expression at the cellular level.

of different types of age-related retinal disease are not fully
understood. It is believed that inflammation is an important
component that contributes to the pathogenesis. The aim of
this study was to understand the immune response that may
occur in retinal aging and how such responses may contribute
to various age-related degenerative diseases.
Methods: Retinal samples were collected from different ages
of mice. Gene expression profiles were analysed by
microarray technique and functional annotations were
performed using differential expressed gene lists. Immune
activation including complement and microglial/macrophage
activation was further investigated by flow cytometry and
confocal microscopy.

Total expression of the SOD2 gene increased as a function of
age. The pattern of expression as evaluated by
immunohistochemistry and laser scanning cytometry exhibited
variegation.

Results: In the aging eyes, increased oxidised materials
including ox-LDL, nitrotyrosine, and DNP were detected in the
neuroretina. Microarray analysis revealed the up-regulation of
a large number of inflammatory genes, including genes
involved in complement activity and inflammatory
cytokine/chemokine production, in the aging retina.
Immunohistochemistry
revealed
a
para-inflammatory
response, an immune response that lies between true
inflammation and basal state, in the aging retina. Parainflammation in the neuroretina of aged mice is characterized
by microglial activation and subretinal migration, and
breakdown of blood-retinal barrier. At the retinal/choroidal
interface para-inflammation is manifested by complement
activation in Bruch's membrane and RPE cells and microglia
accumulation in subretinal space. With age, para-inflammatory
changes were also observed in the choroidal tissue, and were
evidenced by
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ACTIVATION OF THE WNT PATHWAY, A NEW
PATHOGENIC MECHANISM FOR AMD
J.-X. Ma
University of Aberdeen, Oklahoma Health Sciences Center,
Oklahoma City, OK, USA
Retinal inflammation, oxidative stress and choroidal
neovascularization (CNV) are pathological features in wet agerelated macular degeneration (AMD). The Wnt signaling
pathway is known to mediate oxidation, inflammation,
angiogenesis and fibrosis. Recently, we have shown that very
low-density lipoprotein receptor (VLDLR) is a negative
regulator of the Wnt pathway, as VLDLR gene knockout (Vldlr/) resulted in Wnt pathway activation in the retina and RPE.
Further, our results showed that Vldlr-/- mice develop retinal
inflammation and subretinal neovascularization (NV). Staining
of adherent leukocytes in the retinal vasculature revealed
significant leukostasis in Vldlr-/- mice. As shown by fluoresce in
angiography and permeability assay, Vldlr-/- mice had severe
retinal vascular leakage. ZO-1, a tight junction protein, was
down-regulated in Vldlr-/- mouse retinue, further supporting the
impaired blood-retinal barrier. Moreover, Vldlr-/- mice displayed
up-regulated expression of multiple pro-inflammatory factors
and activated NF-κB and HIF-1α, key regulators of
inflammation. Blockade of the Wnt pathway attenuated retinal
inflammation and vascular leakage in Vldlr-/- mice. In addition,
Vldlr-/- mice displayed impaired cone ERG responses at early
ages. Immunoassaying of mid-wavelength cones showed
significantly decreased cone densities in the retina and
shortened cone outer segments in Vldlr-/- mice. At older ages,
Vldlr-/- mice displayed declined rod ERG responses, decreased
layers of photoreceptor nuclei, reduced rhodopsin levels and
decreased levels of 11-cis retinal, the chromospheres of visual
pigments. Moreover, activation of the Wnt pathway alone in
normal retina induced oxidative stress and over-expression of
inflammatory factors. These findings suggest that the Wnt
pathway activation plays a key role in AMD.

1) increased thickness of the choroid;
2) increased number of CD45+ F4/80+ macrophages;
3) abnormalities in choroidal melanocytes;
4) fibrosis in choroidal tissue.
Conclusions: In the aging retina oxidized lipoproteins and
free radicals may damage retina tissue and trigger parainflammatory responses. Para-inflammation in the aging retina
involves mainly the innate immune system i.e. mononuclear
phagocytes and complement system. A full understanding of
retinal para-inflammation in various pathological conditions is
essential for the better control of various age-related retinal
diseases including diabetic retinopathy, glaucoma and agerelated macular degeneration.

Effects of Oxidative Stress on Corneal Cell
Function and Disease
O412
CORNEAL ALDHS AND NON-ENZYMATIC ANTIOXIDANTS
AS RESPONSES AGAINST OXIDATIVE DAMAGE
Y. Chen, G. Mehta, A. Matsumoto, C. Brocker, D. Thompson,
V. Vasiliou
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INNATE IMMUNITY AND RETINAL AGING

Chronic UVR exposure damages the ocular tissues by
photochemical reactions that induce oxidative stress through
the generation of reactive oxygen species (ROS). Due to its
ability to absorb UVR, the cornea plays a pivotal role in
protecting inner ocular tissues from UV-induced damage and,
in so doing makes itself more vulnerable to oxidative damage.
To withstand such a challenge, the cornea has developed a
range of defense mechanisms in the form of enzymatic and
nonenzymatic
antioxidant
molecules.
Two
aldehyde
dehydrogenases (ALDH3A1 or/and ALDH1A1) are present in

H. Xu
Centre for Vision and Vascular Science, Queen's University
Belfast, Belfast, UK
Background and aims: In the retina, a number of
degenerative
diseases
including
glaucoma,
diabetic
retinopathy and age-related macular degeneration may occur
as a result of aging. The mechanisms involving in the initiation
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high concentrations making up to 50% of the total watersoluble corneal proteins depending on the mammalian
species. Aldh3a1-, Aldh1a1- and Aldh3a1/1a1-null mice
develop cataracts in the anterior and posterior subcapsular
regions as well as punctate opacities in the cortex, verifying
the importance of these ALDHs in protecting the eye. Cataract
formation is associated with decreased proteasomal activity
and increased lipid oxidation, supporting the notion that
corneal ALDHs protect cataract formation via both
nonenzymatic and enzymatic functions. Glutathione (GSH)
and ascorbate represent the two most abundant nonenzymatic
antioxidants in the cornea. The pathophysiological role of
deficiencies in these antioxidants in the cornea was evaluated
in genetically-engineered mouse models. Gclm-null mice have
10% normal GSH and Gulo-null mice have 40% normal
ascorbate in the anterior eye. When compared histologically to
the wild-type animals, the cornea from Gclm-null mice
appeared normal while the cornea from Gulo-null mice
displayed a thinner stromal layer. This is consistent with the
important role of ascorbate in collagen synthesis.
Immunohistochemical studies revealed that corneal epithelial
cells of the Gclm-null and Gulo-null mice have more profound
levels of 4-HNE-DNA adducts indicating enhanced oxidative
damage. Interestingly, the eyes from Gclm/Gulo double-null
mice revealed hypercellularity in the lens epithelium and
abnormalities in the retina. In conclusion, corneal ALDHs and
the antioxidants GSH and ascorbate play significant
physiological roles in protecting the anterior eye from oxidative
damage.

the HCEC of 3 young and 3 older donors was tested against
84 genes active in the DNA damage signaling pathway.
Results demonstrated no significant age-related change in the
relative expression of any gene in this microarray, including
genes coding for DNA repair enzymes. Western blot studies
verifed the microarray results for a subset of genes involved in
different aspects of DNA damage signaling and repair. Results
confirmed the lack of an age-related difference in the
expression of AIF (apoptosis-inducing factor); ATM (ataxia
telangiectasia mutated kinase); DNAPK (DNA protein kinase
catalytic subunit); GADD45a (growth arrest & DNA-damageinducible-a); OGG1/2 (8-oxoguanine DNA glycosylase); PCNA
(proliferating cell nuclear antigen); or TP53 (p53 tumor
suppressor protein). Together, these studies strongly suggest
that HCEC detect, but do not actively repair, damaged nuclear
DNA to preserve their proliferative capacity. Rather, cells
become inhibited at the G1/S-phase checkpoint, most likely via
the inhibitory activity of p21Cip1, reducing their proliferative
potential. It may be possible to increase the proliferative
capacity of HCEC both in vivo and in vitro by up-regulating the
expression and/or activity of essential DNA repair enzymes.
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EFFECTS OF OXIDATIVE STRESS ON CORNEAL CELL
FUNCTION AND DISEASE
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Most of the intracellular oxidative stress is the superoxide
anion (O2-) generated in mitochondrial electron transport
system.We have constructed Tet-mev-1 conditional transgenic
mice with a point mutation (V69E) in cytochrome b large
subunit (SDHC) of mitochondrial complex II. The Tet-mev-1
mice overproduce O2- , which can be controlled by using
Doxycycline reagent under the Tetracycline (Tet-On/Off)
system. Therefore, it was expected that Tet-mev-1 mice was a
suitable model to clarify the molecular mechanisms of ocular
diseases related to the oxidative stresses by mitochondrial O2-.
Consequently, we examined the variations in corneal epithelial
cells, corneal endothelial cells and corneal keratocytes of Tetmev-1 mice.
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EFFECT OF OXIDATIVE NUCLEAR DNA DAMAGE ON
HUMAN CORNEAL ENDOTHELIAL PROLIFERATIVE
CAPACITY
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In the result, complex II (succinate-CoQ oxidoreductase)
activity was decreased by the electron leakage from electron
transport system between complex II and CoQ in the oculus of
Tet-mev-1 mice under the Doxycycline reagent. And the
carbonylated protein levels as a maker of oxidative stresses to
the proteins were increased in three-month and twelve-month
aged Tet-mev-1 mice, which overproduce O2- from
mitochondria, compared to the same aged wild-type mice. And
also, 8-OHdG as a maker of oxidized DNA increased in
corneal epithelium of the Tet-mev-1 mice of six-month age
compared to the wild-type. In corneal epithelial cells, the
number of cells and mitotic phase cells were decreased in the
Tet-mev-1 mice compared to the wild-type, and the corneal
epithelialization was delayed in Tet-mev-1 mice after the 20%
ethanol treatment. In corneal endothelial cells, the number of
cells was decreased in Tet-mev-1 mice compared to the wildtype, and also the decreasing cells depending on aging were
accelerated in Tet-mev-1 mice. More interestingly, we
observed the decrease in corneal keratocytes resulting in the
thinned cornea leads to the keratoconus. Now, we have
studied the more details about the effects of oxidative stresses
from mitochondrial O2- on corneal degenerations in Tet-mev-1
mice.We would like to discuss about the influence of
mitochondrial O2- on the corneal diseases, dry eye and
keratoconus, and corneal aging acceleration.

The proliferative capacity of human corneal endothelial cells
(HCEC) decreases with donor age and is reduced in central
(6.0mm diameter) versus peripheral endothelium (6.0 - 9.5mm
rim). This reduction in proliferation is mediated, at least in part,
by an age-related increase in the expression of the G1-phase
inhibitor, p21Cip1. Studies have demonstrated the existence of
a relationship between increased oxidative stress, increased
nuclear oxidative DNA damage, and decreased proliferative
capacity in HCEC. The current studies explored whether
HCECs are able to increase their response to nuclear DNA
damage in an age- and/or topographically-dependent manner.
One study explored the ability of HCEC to detect DNA damage
by immunostaining for phosphorylated H2AX, a histone variant
found in the nucleosome of chromatin. H2AX becomes rapidly
phosphorylated at Ser139 following double strand breaks,
resulting in the formation of discrete foci at the damaged sites.
H2AX-Ser139 phosphorylation is crucial for the focal
recruitment of proteins, including DNA repair enzymes, to
regions of DNA damage. Results of H2AX-Ser139
immunostaining provide evidence for an age- and
topographically-dependent increase in DNA damage foci in
HCEC from ex vivo corneas. A second study used a real-time
PCR-based microarray to determine whether there is an agedependent increase in expression of genes involved in the
DNA damage signaling pathway. RNA directly extracted from
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THE ROLE OF OXIDATIVE STRESS AND
MECHANOSENSITIVE PROPERTIES IN KERATOCONUS

IMAGING MITOCHONDRIA IN LIVING CORNEAL
EPITHELIAL AND ENDOTHELIAL CELLS USING
AUTOFLUORESCENCE MICROSCOPY

M.C. Kenney, M. Chwa, S.R. Atilano, D.J. Brown, J.V. Jester

R. Chuck

Gavin Herbert Eye Institute, University of California, Irvine,
Orange, CA, USA

Department of Ophthalmology and Visual Sciences, Albert
Einstein College of Medicine, Montefiore Medical Center,
Bronx, NY, USA

Background and aims:

Background
and
aims:
We
report
noninvasive
autofluorescence mitochondrial imaging and monitoring of
redox state in cultured human corneal epithelial and
endothelial cells. Endothelial cells were examined before and
after exposure to phacoemulsification energy.

Oxidative stress: Keratoconus corneas show signs of oxidative
damage with increased levels of cytotoxic byproducts of the
nitric oxide and lipid peroxidation pathways, stress-related
enzymes, reactive oxygen/nitrogen species (ROS/RNS) and
cytotoxic aldehydes, apoptosis and mitochondria DNA
(mtDNA) damage. Cultured KC corneal fibroblasts have an
inherent, exaggerated response to oxidative stress that agematched normal cells do not exhibit. Under identical stress
conditions, the KC fibroblasts generate increased ROS/RNS
levels, higher activities for caspases-3/7, -9 and -12,
decreased mitochondrial membrane potential and loss of cell
viability compared to normal cells.

Methods: Cells harvested from eye bank corneas were
cultured in thin glass-bottom plates, and endothelial cells
exposed to phacoemulsification energy. Mitochondria were
imaged with an autofluorescence microscope using DAPI and
FITC filter sets. The redox fluorometric ratio, which can be
related to oxidative stress, was calculated as the net value of
fluorescence from the DAPI channel divided by the net value
of fluorescence from the FITC channel after subtraction of
background. After fixation with 4% paraformaldehyde, cells
were stained with MitoTracker Green FM (MTG). Pre- and
post-fixation images were aligned using a linear conformal
algorithm for image mapping based on manually selected
corresponding feature points, and then mathematically
compared using two-dimensional spatial image correlation
coefficients.

Degradative enzymes and their inhibitors: The characteristic
stromal thinning and loss of Bowman's layer found in KC
corneas are associated with increased degradative enzyme
activities and decreased levels of protease inhibitors.
Structural integrity: KC corneas have a defect in the structural
organization of the anterior corneal collagen. The transversely
oriented, 'sutural' lamellae (SL) that normally insert into
Bowman's layer of the normal adult cornea are missing in KC
corneas. Loss of these SL may underlie an altered
biomechanical strength of KC corneas that increases its
susceptibility to mechanical stress and strains not present in
normal corneas.

Results: Human corneal endothelial cells exposed to
increasing phacoemulsification times and increasing ultrasonic
energy levels displayed dose-dependent decreases in
measured redox ratios. Lower redox ratios in response to
phacoemulsification did not associate with decreases in cell
size or altered patterns of mitochondrial localization.
Autofluorescence
imaging
provided
highly
resolved
mitochondrial signals from living cells, comparable to those
taken with MTG. Both techniques yielded very similar images
at high magnification and high resolution, demonstrating the
tubular morphology and cytoplasmic distribution that are
characteristic of mitochondria. Image registration using a linear
conformal mapping technique and cross-correlations showed
high correlation of overlapping autofluorescence and MTG
images.

Hypothesis: KC corneas are exposed to excessive levels of
mechanical stress due to disruption of SLs which may cause
abnormal activation of MMPs, inhibition of TIMPs, apoptosis,
etc through ROS/RNS signaling, and ultimately cone
formation.
Methods: Human corneal cells were plated on Collagen I
BioFlex Plates, cultured for 1 hour in 10mM N-Acetyl-L
cysteine (LNAC, a precursor to glutathione and a ROS
scavenger) or 10mM Nω-nitro-L-arginine (Nitroarginine, LNNA, an inhibitor of nitric oxide synthase). Cells were
stretched at 15% capacity for 45 repetitions. Other cultures
were stretched without pre-treatment with the inhibitors. The
control cells were not stretched. The ROS/RNS levels were
measured with the H2DCFDA assay.

Conclusions: Redox fluorometry may serve as a useful
indicator for the in vitro study of human corneal endothelial cell
physiological response to ultrasonic stressors and potentially
other nonoxidative stressors. This study also validates the
novel use of autofluorescence vital imaging as a noninvasive,
inexpensive and functional alternative to the mitochondriaspecific dyes in cultured corneal cells. This noninvasive
mitochondrial imaging technique can be useful in future
applications studying mitochondrial biology of ocular cells.

Results: The ROS/RNS levels increase 77% with the
mechanical stretch compared to untreated control corneal
fibroblasts (p=0.001). When pretreated with LNAC prior to
stretching, the ROS/RNS levels decrease by 23% compared to
the stretched cells (p=0.02). Cultures pretreated with L-NNA
had a 31% decrease in ROS/RNS production compared to the
stretch alone.
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Conclusions: The corneal cells have mechanosensitive
properties that are influenced by glutathione and nitric oxide
levels. This is a novel, unexplored area of research that has
clinical relevance and can elucidate molecular pathways that
affect processes such as keratoconus, post-laser corneal
thinning and tissue remodeling.

OXIDANT-ANTIOXIDANT IMBALANCE IN FUCHS
ENDOTHELIAL CORNEAL DYSTROPHY
U. Jurkunas
Harvard Medical School, Boston, MA, USA
Background: 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. Corneal transplantation is the only currently
available measure to restore lost vision. Despite the
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identification of some genetic factors in uncommon FECD
variants, the pathophysiology of the most common form of
FECD remains unclear. The aim of this study was to compare
the expression of antioxidant and oxidative stress-related
genes in normal human corneal endothelium to endothelium of
Fuchs endothelial corneal dystrophy (FECD), and to assess
the in vivo levels of oxidant-induced DNA damage in the
normal and diseased corneal endothelium.

with LCA2, ages 8-44yo, up to 2 years after a single unilateral
subretinal injection of AAV2-hRPE65v2.

Methods: FECD and normal specimens were sex and age
matched. Corneal endothelial cell-Descemet's membrane
(HCEC-DM) complexes were dissected from the stroma, and
RNA or DNA was extracted. Gene expression studies were
performed using a focused PCR array that contains genes
involved in oxidative stress. Oxidative DNA damage was
determined by measuring the level of 8-hydroxy-2´deoxyguanosine (8-OHdG) in by a competitive ELISA assay.
Western blot was performed with anti-Nrf2 antibodies.

Conclusions: This study included the 4 youngest individuals
in the world to have received gene transfer for a non-lethal
disease. It also included the 2 oldest individuals to have
received subretinal gene transfer to date. The safety, extent,
and stability of improvement of vision in all of the subjects
support the use of AAV-mediated gene therapy for treatment
of inherited retinal diseases although the earlier the
intervention, the greater the potential gain.

Results: AAV administration was well tolerated and each of
the subjects showed sustained improvement in subjective and
objective measures of vision. Several subjects are no longer
legally blind. The greatest improvement was observed in
children, all of whom gained ambulatory vision.

*This presentation involves contributions from the following
additional individuals (listed alphabetically): Carmen Acerra,
Valder R. Arruda, Alberto Auricchio, Sandro Banfi, Jeannette
Bennicelli, Daniel Chung, Ann Fulton, Bernd Hauck, Katherine
A. High, Barbara Konkle, Bart P. LeRoy, Arkady Lyubarsky,
Albert M. Maguire, Maureen G. Maguire, Federico Mingozzi,
Jessica Morgan, Eric A. Pierce, Edward N. Pugh, Jr., T.
Michael Redmond, Settimio Rossi, Kenneth S. Shindler,
Francesca Simonelli, Enrico M. Surace, Edwin Stone, Junwei
Sun, Francesco Testa, Nicholas J. Volpe, Michael Ward,
Richard Weleber, Jennifer Wellman, J. Fraser Wright, Olga
Zelenaia, Xiaosong (Sonia) Zhu

Results: Out of 57 oxidative stress-related genes, 10
transcripts were downregulated, and 1 transcript was
upregulated in FECD compared with normal tissue. The
downregulated genes were metallothionein 3 [MT3],
superoxide dismutase [SOD] 2, peroxiredoxin [PRDX] 2, 5,
thioredoxin reductase 1, BNIP3, glyceraldehyde-3-phosphate
dehydrogenase [GAPDH]), BCL2/adenovirus E1B 19kDa
interacting protein 3 [BNIP3], dual specificity phosphatase 1,
and oxidative stress-responsive 1 genes. The underexpressed
antioxidants in FECD had the antioxidant response element
(ARE) in their promoter regeons. Nuclear factor erythroid 2related factor 2 (Nrf2), a transcription factor known to bind
ARE and activate antioxidant defense, was downregulated in
FECD endothelium (p< 0.05). A significantly higher level of
oxidative DNA damage in FECD endothelium as compared to
normal, age-matched controls was detected. A marker of
oxidative DNA damage, 8-hydroxy-2'-deoxyguanosine (8OHdG), colocalized to mitochondria, indicating that the
mitochondrial genome, not the nuclear genome, is the specific
target of oxidative stress in FECD.
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AAV MEDIATED GENE THERAPY IN RODENT MODELS OF
AUTOSOMAL DOMINANT RETINITIS PIGMENTOSA
A.S. Lewin1, M.S. Gorbatyuk1, H. Mao1, H. Petrs-Silva2, A.
Dinculescu3, W.W. Hauswirth3
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Gainesville, FL, USA

Conclusions: This study identified a transcriptional
modulation of antioxidant and oxidative stress responsive
genes and a concomitant accumulation of oxidized DNA
lesions in FECD endothelium. Together these data suggest
that suboptimal Nrf2-regulated defense may account for
oxidant-antioxidant imbalance in FECD which in turn leads to
oxidative DNA damage. These findings suggest that
dysregulation of the antioxidant profile can be directly linked to
FECD endothelial cell oxidative damage and potentially
apoptosis.

Background: Autosomal dominant retinitis pigmentosa
(ADRP) is a chronic progressive disease associated with the
death of first rod and then cone photoreceptor cells. It is
caused by mutations in 17 different genes, but mutations in the
gene for rhodopsin, RHO, account for 30-40% of the cases.
Fortunately, animal models have been useful in studying the
disease process and for testing pharmacological and genetic
approaches to treat this is disease. Our approach is to use
Adeno-associated virus (AAV) to deliver therapeutic genes
using a rat and a mouse model of ADRP caused by the P23H
mutation in RHO.

Gene Therapy
O418

Methods: Recombinant AAV vectors expressing GFP were
produced with different capsid surface variants to test
efficiency of infection following subretinal and intravitreal
injection of wild-type mice. AAV5 was used to deliver the
genes for wild-type RHO to P23H transgenic mice and for the
molecular chaperone GRP78 to P23H transgenic rats by
subretinal
injection.
Electroretinography
(ERG)
and
morphometry were used to evaluate functional survival of
photoreceptor cells.

EFFECT OF AGE ON RESTORATION OF VISION IN
CONGENITAL BLINDNESS
J. Bennett
Ophthalmology, University of Pennsylvania, Philadelphia, PA,
USA
Background: Gene therapy has the potential to reverse
disease or prevent further deterioration of vision in patients
with incurable inherited retinal degeneration. We and others
previously demonstrated that adeno-associated virus (AAV)mediated delivery of RPE65 via subretinal injection results in
improved vision/retinal function in animal models of Leber´s
Congenital Amaurosis due to RPE65 mutations (LCA2)
although the extent of recovery is age-dependant.

Results:
(1) Substitution of tyrosine residues with phenylalanine at
specific sites on the AAV capsid markedly increased
transduction of photoreceptor cells following subretinal
injection and in some cases permitted gene delivery to
photoreceptors after intravitreal injection of adult mice.

Methods: Retinal/visual function was evaluated in 12 subjects

(2) Delivery of a cDNA for wild-type RHO led to a nearly 60%
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increase in rhodopsin and arrested progression of retinal
degeneration in P23H transgenic mice. In contrast, delivery of
the same gene to wild-type mice caused significant decrease
in ERG amplitudes associated with the loss of photoreceptor
cells.

number of cones in the transduced area compared to control
groups.
The IDLV-R0.8-hRPE65 vector allows retinal improvement in
the Rpe65R91W/R91W mice. Both rod function and cone survival
were demonstrated even if there is a delay in the rescue as
assessed by scotopic ERG. Integration-deficient vectors
minimize insertional mutagenesis and thus are safer
candidates for human application. Further experiments using
large animals are now needed to validate safe, correct gene
transfer and expression of the RPE65 gene after subretinal
injection before envisaging a clinical trial application.

(3) Gene delivery of the molecular chaperone GRP78 to P23H
transgenic rats significantly decreased the rate of retinal
degeneration. This decrease was associated with reduced
signaling via the unfolded protein response.
Conclusions: We have demonstrated rescue from retinal
degeneration in two models of ADRP. These approaches may
be independent of the specific mutation causing ADRP, though
we have not yet demonstrated that fact. Modification of the
AAV capsid permits more efficient gene delivery to
photoreceptors and may allow us to avoid retinal detachments
caused by subretinal injection for gene therapy of ADRP.
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"ZINC FINGER-BASED STRATEGIES TO TREAT
DOMINANT FORMS OF RETINAL DYSTROPHIES"
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Italy
Retinitis pigmentosa (RP) is the most common inherited retinal
degeneration primarily characterized by the loss of
photoreceptor cells. RP affects about one in 4000 individuals
worldwide. While strategies aim at correcting genetic defects
due to loss of function mutations have been provided and
clinical trials are currently testing their safety and efficacy, for
dominantly inherited diseases proof of principle are still
lacking. Two main reasons limit the development of efficacious
therapies for autosomal-dominant forms of RP (ADRP): i) the
lack of an efficient system to silence the deleterious effects of
the mutated copy of the gene, and ii) the mutational
heterogeneity of ADRP. Indeed, in the Rhodopsin gene, the
gene most commonly associated with ADRP (25-50% of
cases), over 150 mutations have been identified, and its levels
of expression are extremely high, thus representing a great
challenge.

O420
DYING CONES CAN BE REVITALISED BY GENE
TRANSFER
Y. Arsenijevic
Ophthalmology, Jules-Gonin Hospital, University of Lausanne,
Lausanne, Switzerland
Loss of cone-mediated central vision dramatically affects the
functionality and quality of life of patients suffering from retinal
degeneration. Therefore, promoting cone survival is the goal of
many ocular therapies and defining the stage of degeneration
that still allows cell rescue is of prime importance. RPE65derived Leber Congenital Amaurosis (LCA) patients are widely
heterogeneous both genetically (mutation types) and
phenotypically (disease progression). Thus it is worth to
examine the rescue efficiency of gene transfer in different
mutant contexts.

We generated a series of engineered zinc finger protein (ZFP)
transcriptional repressors to silence human Rhodopsin
(hRHO), the gene most abundantly expressed in retinal
photoreceptors and most commonly mutated in autosomal
dominant (adRP). We demonstrate that ZFPs promote a
robust transcriptional repression of hRHO impacting disease
progression in a mouse model of adRP over-expressing the
P347S mutation. These data support the use of artificial
transcription factor silencing as a potentially relevant
therapeutic strategy to treat gain of function mutations.

Using a HIV1-derived lentiviral vector encoding for the mouse
RPE65 cDNA, we previously demonstrated efficient cone and
rod rescue in Rpe65-/- the mouse model. We then investigated
for the therapeutic window in a slower model of retinal
degeneration, the Rpe65R91W/R91W mouse. Surprisingly, when
applied to adult mice (1 month), this treatment not only stalls
or slows cone degeneration but actually revitalizes cones.
Before the intervention only part of the cones (40% of the
number found in wild-type animals) in the Rpe65R91W/R91W mice
expressed cone transducin, this fraction increased to 64%
after treatment.
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SYSTEMIC NEUROPROTECTIVE GENE THERAPY

These results demonstrate an extended therapeutic window in
Rpe65R91W/R91W compared to Rpe65-/- mice implying that
patients suffering from missense mutations might also benefit
from a prolonged therapeutic window. Moreover, the cones are
not only rescued during the course of the degeneration, but
can actually recover their initial status.

T. Rex, K. Kodali, T. Sullivan, E. Geisert
Ophthalmology, University of Tennessee, Health Science
Center, Memphis, TN, USA
Background and aims: Classically one thinks of
erythropoietin (EPO) as a regulator of red blood cell
production. Recent evidence points to EPO as a putative
neuroprotective agent. A modified form of EPO containing a
single arginine to glutamate mutation (R103E) is
neuroprotective but does not trigger erythropoiesis. The goal
of this study was to determine if systemic gene delivery of
EpoR103E would protect the RGCs or the photoreceptors in
two mouse models of cell death. We used the DBA/2J mouse
model of pigmentary dispersion glaucoma, and the retinal
degeneration slow (rds/rds) mouse.

These encouraging data show that the lentiviral vectors may
have clinical interest in ophthalmology. To decrease the risk of
insertional mutagenesis, we evaluated the efficiency of an
integration-deficient lentiviral vector (IDLV) to restore retinal
function in Rpe65R91W/R91W mice. IDLV-R0.8-hRPE65 or
hrGFPII were injected subretinally into 1 month-old dystrophic
mice. An increased light sensitivity was detected by scotopic
ERG in animals injected with IDLV-R0.8-hRPE65 compared to
hrGFPII-treated animals or untreated mice. However the
improvement was delayed compared to integration-proficient
LV and observed at 3 months but not 1 month post-injection.
Immunolabelling of cone markers showed an increased

Methods: One month old DBA/2J mice received intramuscular
injections of a recombinant adeno-associated virus (rAAV)
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carrying either eGFP, Epo or EpoR103E under the control of
the cytomegalovirus promoter. Intraocular pressure was
measured at six months to detect elevated pressure. At ten
months, isolated retinas were stained with NueN, flat-mounted,
and examined by confocal microscopy. At postnatal day 7,
rds/rds mice were given intramuscular injections of
rAAV.eGFP, rAAV.Epo, or rAAV.Epo-R103E. At postnatal day
90, outer nuclear layer (ONL) thickness was examined by
high-resolution optical coherence tomography and histological
cross section. The ONL thickness was measured every 0.5mm
from the optic nerve head in all treatment groups. In both
models, hematocrit levels were determined by capillary
centrifugation of blood and serum EPO levels were determined
by ELISA.

Results: On a quantitative basis, the major processes
involved in age-related modification of proteins in the normal
human lens, are racemization, deamidation, methylation and
possibly truncation. Each PTM will be analysed in relation to
its impact on protein denaturation.
Conclusions: As a result of these PTMs, probably in
conjunction with prolonged exposure to body temperature,
crystallins become denatured, bind to alpha crystallin and form
high molecular weight aggregates. Such aggregates may be
implicated in the massive binding of proteins to fibre cell
membranes that occurs middle-aged lenses [2]. Occlusion of
membrane pores due to this untoward binding, could be
responsible for the formation of the lens barrier.

Results: Retinas from DBA/2J mice that exhibited increased
IOP and received either rAAV.Epo or rAAV.EpoR103E had an
average of 30% more cells present at the RGC layer than
control mice (rAAV.eGFP). There was an average of three
rows of photoreceptor nuclei in the ONL of rAAV.eGFP
injected rds/rds mice while the treatment groups contained at
least six rows. Hematocrit levels were not substantially
increased in the rAAV.EpoR103E treated mice as compared to
rAAV.Epo treated mice. Serum EPO levels for rAAV.eGFP,
rAAV.Epo, and rAAV.Epo-R103E treated mice were 8, 117,
and 332 mU/ml, respectively.

Taylor, H., Epidemiology of age-related cataract. Eye, 13, 445448 (1999).
Friedrich, M. G. and Truscott, R. J. W., Membrane Association
of Proteins in the Aging Human Lens: Profound Changes Take
Place in the Fifth Decade of Life. Investigative Ophthalmology
& Visual Science, 50, 4786-4793(2009).
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Conclusions: A single systemic injection of rAAV.Epo
protects both photoreceptors and RGCs from cell death in
these models, but also increases the hematocrit to harmful
levels. Using rAAV.EpoR103E provides comparable levels of
protection but does not significantly increase the hematocrit.
Thus, a single dose of rAAV.EpoR103E can provide long-term
protection without the need for intraocular injections and
without elevating the hematocrit.

MALDI IMAGING OF LENS TISSUE: A NEW VIEW OF
PROTEIN AGING
K. Schey, A. Grey
Biochemistry, Vanderbilt University, Nashville, TN, USA
Background and aims: MALDI tissue imaging is a new
imaging modality that provides spatially resolved protein
expression information with distinct advantages over
immunohistochemical approaches. This method is ideally
suited for imaging multiple lens protein modifications
simultaneously in aging lenses. The aim of this work is to
develop lens tissue imaging protocols and to apply them for
detecting protein modifications in aging human lenses.

Support acknowledgement: This project was funded by:
Research to Prevent Blindness; NIH 5P30EY13080; Roche
Foundation for Anemia Research; and Hope for Vision.

Lens Aging

Methods: MALDI tissue imaging was applied to human lens
sections of varying age. Lens sections (20 micron thick) were
placed on a methanol coated sample plate, washed with
ethanol, and coated with sinapinic acid matrix by either spray
deposition or automated spotter. MALDI spectra were acquired
in 100-250 micron steps across the tissue section using a
Bruker AutoFlex III instrument. Images of lens proteins were
produced using FlexImaging software. For membrane protein
imaging, sections were washed extensively with water and
urea and matrix was spotted in 90% acetonitrile solution. Lens
sections were also subjected to on tissue trypsin digestion with
subsequent imaging of peptides.
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WHAT ARE THE MAJOR DRIVERS OF PROTEIN
DENATURATION IN AGED HUMAN LENSES?
R.J.W. Truscott
Save Sight Institute, University of Sydney, Sydney, NSW,
Australia
Background and aims: Essentially all people are presbyopic
by age 50, and everyone will have a cataract by age 100 [1]. It
is becoming increasingly clear that modifications to long-lived
macromolecules within the lens are responsible for these
common age-related changes in the optical properties of the
eye. The fundamental reason for these alterations is that lens
proteins, and probably fibre cell membranes, are present for all
of your life. Once synthesised and packaged into mature fibre
cells, macromolecules do not turnover. Since they reside in a
complex biochemical soup, and must remain at ~35oC for
decades, it is not surprising that they undergo significant
changes over time. In relation to the human lens, fundamental
questions can therefore be formulated as follows: which agerelated alterations are most significant for denaturing the
proteins, and what is the functional consequence of such
posttranslational (PTM) modifications?

Results: Multiple sample preparation protocols have been
developed to image:
a) water soluble proteins,
b) membrane proteins, and
c) tryptic peptides.
Images of lens crystallins and modified forms revealed specific
zones of crystallin truncation with fiber cell age. The sites of
truncation were analyzed and reveal a majority of sites at
asparagine residues, suggesting a non-enzymatic truncation
mechanism. Specific zones of alpha-crystallin phosphorylation
were also detected. Images of aquaporin 0 (AQP0) revealed
specific locations of truncation as well as fatty acid
modification.
Trypsin
digestion
allowed
additional
modifications, i.e. deamidation, to be imaged where, again,
specific zones of deamidation of AQP0 were observed.

Methods: Proteomic methodology using mass spectrometry
was used to characterise the sites of deamidation and
methylation. Racemisation was quanitified using HPLC
following acid hydrolysis.

151

Background and aims: Deamidation, a major age-related
modification in human lens, is known to decrease crystallin
stability and may lead to increased exposure of normally
buried sulfhydryls. The aim of these experiments is to test
whether deamidated βA3 crystallin is more susceptible to
formation of disulfide cross-links.

Conclusions: MALDI tissue imaging is an ideal imaging
technique for viewing ocular lens protein changes. Images of
human lens proteins reveal that specific modifications occur in
discrete zones of fiber cell age. Moreover, the nature of the
modifications observed reveal a preponderance of nonenzymatic cleavage sites.

Methods: Wild type and two deamidated mutants of human
βA3 crystallin (single mutant N133D, and double mutant
Q85E, Q180E) were expressed in bacterial cells and
chromatographically purified. Each protein was then dialyzed
overnight against 20 mM phosphate, 150 mM KCl, 1.0 mM
EDTA (pH 7.0), incubated at 37°C with 1-10 mM H2O2 for 4
hours, and the extent of disulfide bonding assessed by SDSPAGE gels run with and without reduction. Trypsin digests
were also prepared following differential alkylation to
determine which cysteines were oxidized using mass
spectrometry.

O425
HUMAN ΑB-CRYSTALLIN CHAPERONE SUPPRESSION
OF AGGREGATION OF HUMAN ΓD-CRYSTALLIN
PARTIALLY FOLDED SUBSTRATES
J. King, I. Millls-Henry, L. Acosta-Sampson
Biology, MIT, Cambridge, MA, USA
Background and aims: Human αB-crystallin, one of the
ubiquitous crystallins in vertebrate lenses, is a polydisperse
complex of ~ 800 KD consisting of two subunits (~20 kD) αAand αB-crystallin (αA- and αB-Crys). Human a-crystallin
chaperones are believed to inhibit protein aggregation within
the lens thus retarding cataract development. γD-crystallin
(γD-Crys), a member of the βγ-crystallin family, is localized in
the lens nucleus. Aggregates isolated from mature-onset
cataracts contain damaged and misfolded forms of γD-Crys.
This work contributes to characterizing the interaction of the
human B-chaperone with human γD-crystallin partially folded
substrates.

Results: Wild type and N133D βA3 were readily oxidized to
form a dimer. However, the Q85E, Q180E double mutant
formed less disulfide linked dimer and instead formed far
greater numbers of higher order disulfide linked multimers.
Conclusions: Deamidations at residues 85 and 180, located
at the dimer interface, caused a significant increase in the
susceptibility of βA3 to disulfide bond formation. The formation
of larger disulfide linked multimers suggested the normally
buried sulfhydryls become exposed and are more readily
oxidized following deamidation. These data suggest that agerelated deamidation may be a prerequisite for disulfide boding,
high-molecular weight aggregate formation, and opacity in
age-related human cataracts.

Methods: Human αB-crystallin and γD-crystallin were
expressed in, and purified from bacteria. During in vitro
refolding of γD-crystallin, aggregation competes with regain of
the native state. Incubation with the αB-chaperone complex
suppresses aggregation - monitored by light scattering - of bγcrystallin substrates by binding aggregation-prone species.
The chaperone/substrate complex was isolated by size
exclusion chromatography and characterized with respect to
substrate tryptophan fluorescence.

Acknowledgements: Supported by NIH grants EY007755,
EY012239 and EY10572.
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CRYSTALLIN PTMS: DESIGN OR DISORDER?

Results: Human γD-Crys refolds through the population of a
partially folded intermediate in vitro, which has its N-terminal
domain unfolded and its C-terminal domain folded. At high
protein concentrations aggregation of this species competes
with productive refolding. Using single domain constructs of
HγD-Crys, we have found that the partially folded C-terminal
domain construct (γD-Ctd) aggregates upon refolding, while
the N-terminal domain construct (γD-Ntd) does not aggregate
under similar conditions. Using chaperone constructs lacking
tryptophans, we determined the fluorescence properties of the
bound C-td substrate, and found it corresponded to a partially
folded chain. This complex was stable upon storage.

D. Garland
FM Kirby Center for Molecular Ophthamology, University of
Pennsylvania School of Medicine, Philadelphia, PA, USA
Background and aims: Post-translational modification of
proteins is a widely used method by cells to regulate every
aspect of cell function including signaling processes, structural
properties of proteins and their interactions with cell
components. A large number of studies have shown that
human lens crystallins undergo extensive post-translational
modifications. In the lens, however, these modifications are
usually interpreted as evidence for loss of function and the
cause of lens disorders. Our interest has been in whether the
majority of crystalline post-translational modifications could be
in fact functional and how to separate those from the posttranslational modifications that do lead to lens disorders.

Conclusions: HαB-Crys can suppress the aggregation of
partially folded species of the γD-Ctd and forms stable γDCtd—αB complexes. The results suggest that exposure of
buried strands of the C-terminal Greek key are the
determinants of α-crystallin recognition and strong binding.
The stability of the substrate/chaperone complex would result
in saturation of the chaperone population in the lens nucleus,
which may help explain the age dependence of mature-onset
cataracts.

Methods: Proteomic approaches have been used to follow
crystalline post-translational modifications from birth to the
formation of cataracts. In addition, crystalline post-translational
modifications have been followed within a lens from the
youngest fiber cells to the oldest.
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Results: Crystallins begin to undergo progressive changes
almost at birth including cleavages, phosphorylation and a
number of other modifications. In normal lenses there is an
amazing consistency in the gross patterns of modifications
among individuals both spatially and temporally. Among
individuals there is, however, variation in which amino acids
will become deaminated within a crystalline species.

DEAMIDATION INCREASES SUSEPTIBILITY OF BETA A3
CRYSTALLIN TO DISULFIDE BOND FORMATION
L. David1, P. Wilmarth1, T. Capps1, B. Rathje1, J. Smith2, K.
Lampi2
1

Biochemistry and Molecular Biology, 2Integrative Biosciences,
Oregon Health & Science University, Portland, OR, USA

Conclusions: It is difficult to reconcile the consistency in
crystalline post-translational modifications among individuals
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at least up to forty years of age with the modifications all
having detrimental effects on lens function. We propose that
the post-translational modifications that occur starting in the
lens at birth and in the outer cortex of older lenses provide
some benefit to the lens and that preventing these
modifications would have detrimental consequences on lens
function.

OCULAR BIOMECHANICS OF RODENT MODELS OF
GLAUCOMA
T. Nguyen1, K. Myers1, H. Quigley2
1

Mechanical Engineering, Johns Hopkins University,
Ophthalmology, Johns Hopkins School of Medicine,
Baltimore, MD, USA
2
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Aims:
LENSES, LIPIDS AND LIFE: UNDERSTANDING AGERELATED ALTERATIONS IN FIBRE CELL MEMBRANES
1

1

1

2

1) To develop an in-vitro inflation method to characterize the
viscoelastic behavior of mouse sclera to controlled
pressurization.

1

J.R. Nealon , J.M. Deeley , S.R. Ellis , X. Zhu , S.J. Blanksby ,
R.J.W. Truscott2, T.W. Mitchell1

2) To compare the viscoelastic scleral properties of young and
old C57/BL6, CD1, and DBA/2J mouse types; and of different
age-matched mouse types. Older DBA/2J animals
spontaneously develop optic nerve damage phenotypic of
glaucoma.

1

University of Wollongong, Wollongong, 2Save Sight Institute,
University of Sydney, Sydney, NSW, Australia
Background and aims: Considerable knowledge has been
attained regarding the biochemistry of lens proteins and their
possible role in lens aging. Previous work has provided some
insight into the effect of age on lens lipids1 however, our
knowledge remains limited. In the work presented here we
utilized standard and contemporary MS approaches and
confocal microscopy techniques to provide new insights into
the molecular composition and distribution of human lens lipids
and their alteration with age.

Methods: Eyes from C57/BL6, DBA/2J, and CD1 (2 and
11months) mice were enucleated, cleaned of orbital muscle
and fat, and mounted on a custom fixture by gluing the cornea
up to the limbus. The mounted specimens were cannulated
and immersed in phosphate buffered saline, oriented such that
the superior-inferior axis was aligned with the image axis. An
active feedback, pressure-controlled syringe pump inflated the
cannulated eyes in a series of linear load-unload and load-hold
creep tests from a baseline pressure of 6 mmHg to test
pressures of 15, 22.5, 30, 37.5, and 45mmHg. Each test was
separated by a 30 minute hold at the baseline pressure to
observe recovery. A CCD video camera (GRAS-20S4M/C, Pt.
Grey Research) attached to a microscope (Zeiss Stemi)
imaged the deforming scleral surface at 0.5Hz with a
resolution of 5µm/pixel. The images were analyzed using a
digital image correlation program (Correlated Solutions Inc.) to
track the 2D displacement of the scleral edge. After testing,
fresh tissue thickness measurements were measured optically
at multiple locations.

Methods: To achieve this confocal microscopy and various
traditional and novel mass spectrometry (MS) techniques, e.g.
ozone-induced dissociation (OzID) and MS imaging, were
applied to the analysis of whole, sliced or regionally-dissected
fetal to octogenarian lenses.
We also examined the effect of diet on rat lens lipids as well as
the uptake of fatty acids into the rat lens and their
incorporation into molecular lipids using mass spectrometry
and confocal microscopy.
Results: Through the application of these varied techniques
we have made significant advances in our understanding of
the lipids present in the lens and how they are altered during
aging. The use of OzID has uncovered the presence of several
molecular lipids that had not previously been identified, e.g.
PS(13Z-18:1e/9Z-18:1). We have also been able to identify
alterations in the abundance and distribution of various lipids
associated with age. For example, the concentration of nuclear
glycerophospholipids decreases dramatically until 40 years of
age while the opposite is true for nuclear ceramides and
dihydroceramides. Moreover, there appears to be an agerelated alteration in the distribution of the most abundant
phospholipid in the human lens, i.e. SM(d18:0/16:0), as
observed by MS imaging and confirmed by standard
dissection and extraction techniques. Results from rodent
experiments also indicate that there is no remodeling of lens
lipids once they have been synthesized.

Results: Preliminary results showed that scleral tissues from
older C57/BL6 animals were stiffer than those of younger
animals (Student's t-test, p< 0.05). The secant moduli, roughly
estimated using the thin-walled pressure vessel solution, for
the small-strain (6-15mmHg) and large-strain (15-45mmHg)
regimes were 1,670±370kPa and 8,590±2,890kPa for the old
and 890±390kPa and 5,050±1,070kPa for the young scleral
tissue. Both old and young specimens showed evidence of
creep, with the creep rate increasing with increasing pressure.
Conclusions: The preliminary data show an age-related
stiffening effect on the mechanical properties of the C57/BL6
sclera. We are currently conducting tests on young and old
CD1 and DBA/2J animals, which spontaneously develop
glaucoma, and on induced glaucoma mouse models. In
addition, we are developing a specimen-specific finite element
model to analyze more accurately the stress state in the sclera
and provide a more accurate comparison of the viscoelastic
properties of the tissues. This study will elucidate the
biomechanics of mouse sclera and its association with the
development of glaucoma damage.

Conclusions: Age-related alterations to the lipid composition
of the human lens are dramatic, particularly in the nucleus.
This may be a consequence of the metabolic inactivity of the
lens nucleus limiting repair/replacement mechanisms that
occur in other tissues. These findings could have significant
implications for the development age-related disorders of the
lens, i.e. presbyopia and cataract.
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1. Huang, L., et al., Invest. Ophthalmol. Vis. Sci. 2005, 46, (5),
1682.

INDENTATION MODULUS OF HUMAN PERIPAPILLARY
SCLERA AND LAMINA CRIBROSA

Biomechanics

D. Brown, P. Ngai, B. Jester, J. Jester, D. Chai
The Gavin Herbert Eye Institute, University of California,
Irvine, Orange, CA, USA
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Background and significance: Primary open angle
glaucoma (POAG) accounts for ~12% of global blindness.
Studies have identified age, ancestral group, and intraocular
pressure as significant risk factors for the development and
progression of POAG. Current wisdom proposes that the
biomechanical properties of the peripapillary sclera and lamina
cribrosa (LC) play a critical role in defining the pathology of
POAG. Numerous investigators have reported estimates of the
elastic modulus for sclera, with values ranging from ~ 1-30
MPa. Assessment of the lamina cribrosa, however, has proven
problematic. The purpose of these studies was to provide
estimates of the elastic moduli within the LC and surrounding
sclera.

isolated from the posterior temporal regions from 6
glaucomatous and 35 non-glaucomatous right eyes. Each
specimen was snap frozen in liquid nitrogen and cryosectioned
at 70 microns. Sections were then placed on slides and
dehydrated in a graded glycerol solution. A small angle light
scattering (SALS) device was used to investigate the matrix
organization of posterior scleral fibers. In addition to the
eccentricity, the percent occurrence of fiber angles within
equatorially (0°-60° & 120°-180°) and meridionally (60°-120°)
aligned bins was quantified automatically using an in-house
MATLAB post-processing software. A representative SALS
plot is shown in Figure 1.
Results: The mean age was 71 for the glaucomatous, and 65
for the non-glaucomatous. No significant difference existed
between the ages of the two groups. The percent occurrence
of meridional fibers was 25.1% ± 0.08 for the glaucomatous,
and 18.2% ± 0.05 for the non-glaucomatous (Figure 2). A
statistically significant different exists between the two groups
(p=0.008). The eccentricity was 0.43 ± 0.017 for the
glaucomatous, and 0.44 ± 0.026 for the non-glaucomatous
(not significant).

Methods: We constructed an indenting elastometer comprised
of three translational stages; assembled to allow X, Y
positioning of samples. The third stage was assembled
perpendicular to the positioning stages to provide 3D
positioning control. A force transducer was connected to the Z
axis stage and equipped with a 250 µm spherical tip The
transducer was connected to a data acquisition system so that
the measured force and position could be recorded. Elastic
modulus, calculated using indenting force, was validated by
comparison to tensile and compressive uniaxial elastic
modulus of uniform polyacrylamide gels. Fresh human eyes
were dissected to obtain samples containing the ONH and
surrounding sclera. Samples were fixed on X, Y axis
positioning stage and force over indenting depth was recorded
in a grid pattern within and external to the ONH. After testing,
samples were evaluated for collagen density using second
harmonic generation.

Conclusions: A statistically significant increase of occurrence
of meridional fibers was found in the glaucomatous eyes,
compared with age-matched non-glaucomatous eyes. These
microstructural differences may be a result of or caused by
glaucoma.

Results: Using uniform gels, all three methods gave
reproducible results and each displayed a high degree of
correlation (r2 = 0.95). Elastic measurements obtained for the
peripapillary sclera ranged from 100 to 500 KPa while that of
the LC ranged from 10-100 KPa and varied by quadrant.
Collagen density values correlated linearly with the estimated
modulus of the LC quadrants (r2 = 0.93).
Conclusions: Indentation testing suggests that the
peripapillary sclera is some 5-10 times more stiff than the LC
with both structures showing a wide variation in properties. Not
surprisingly, collagen density, which varied by geographic
location within the LC, correlated well with the stiffness values
obtained. We believe that testing stiffness of similar tissues will
contribute to our understanding of the biomechanical behavior
of the peripapillary sclera and LC, and contribute to our
understanding of the risk factors for POAG.
[Figure1]
Support: RPB, DEF, NIH EY017959, EY016663

O431
DIFFERENCES IN MICROSTRUCTURAL ORGANIZATION
OF GLAUCOMATOUS VERSUS AGE-MATCHED NONGLAUCOMATOUS HUMAN POSTERIOR SCLERA
D. Yan1, J. Vande Geest1,2,3
1

Aerospace and Mechanical Engineering, 2Biomedical
Engineering, 3Bio5 Institute, University of Arizona, Tucson, AZ,
USA
Background and aims: Glaucoma is the second leading
cause of blindness in the world. It is estimated to affect 60
million people in 2010 and 80 million by 2020.1 Previous study
suggested that the remodeling of microstructural organization
in posterior sclera may correlate to the development of
glaucoma.2 The purpose of this study was to investigate the
microstructural difference of the human posterior sclera
between glaucomatous and age-matched non-glaucomatous
groups.

[Figure2]

Methods: Specimens, approximately 1cm x 1cm size, were
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LAMINA CRIBROSA REMODELING IN OCULAR
HYPERTENSION: EFFECTS ON THE BIOMECHANICAL
RESPONSE
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M. Roberts1, I. Sigal1, C. Burgoyne2, J. Downs1
SCLERAL BIOMECHANICS IN GLAUCOMA
1,2,3

2,3
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Research Laboratory, Devers Eye Institute, Portland, OR, USA
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M.J.A. Girard , J.C. Downs , C.F. Burgoyne , J.K.F.
Suh3,4, C.R. Ethier1

Background and aims: In a monkey model of unilateral
experimental glaucoma (EG), we have observed that early
connective tissue remodeling thickens the lamina cribrosa
(IOVS 2007, 48(10):4597-607; IOVS 2009, 50(2):4597-607).
Moreover, there are substantial increases in laminar
connective tissue volume and in the number of laminar beams
through the thickness of the lamina cribrosa (LC), but minimal
changes in LC connective tissue volume fraction (Table 1).
Here we investigate the changes in ONH biomechanical
behavior accompanying these early glaucomatous changes.

1

Bioengineering, Imperial College, London, UK, 2Devers Eye
Institute, Legacy Health System, Portland, OR, 3Biomedical
Engineering, Tulane University, New Orleans, LA, USA, 4The
Center for Bionics, Korea Institute of Science and Technology,
Seoul, Republic of Korea
Background and aims: We have previously hypothesized
that posterior scleral biomechanics plays a major role in the
pathogenesis of glaucoma. To verify this role, we have
developed a series of increasingly sophisticated experimental
and computational tools to quantify the biomechanical
properties and the fiber organization of the posterior sclera
from normal and glaucomatous eyes.

Methods: A serial imaging technique was used to reconstruct
the ONH and peripapillary sclera of three pairs of monkey
eyes fixed at 10 mmHg in which one eye was given EG (IOVS
2004, 45(12):4388-99). Eye-specific finite element models of
the posterior pole were constructed with inhomogeneous
material properties defined for the LC based on local
connective tissue volume fraction and predominant laminar
beam orientation (IOVS 2010, 51(1):295-307). These models
were used to simulate an IOP increase from 10 to 45 mmHg. A
laminar material constant, A, was varied to produce range of
LC displacements and scleral canal expansions in the models
and the associated LC stress and strain were characterized.
Comparisons were made between EG eyes and their normal
contralateral controls (assumed to have zero LC displacement;
IOVS 2009, 50(12):5785-99).

Methods: We have quantified the biomechanical properties of
the posterior sclera in both eyes of 4 young and 4 old
monkeys, and 8 adult monkeys in which chronic intraocular
pressure (IOP) elevations had been induced unilaterally.
Briefly, each posterior scleral shell was mounted on a
pressurization apparatus, and its IOP-induced 3D
displacements were measured using speckle interferometry. A
fiber-reinforced constitutive model was applied to each
digitized scleral geometry, and an inverse finite element
method was used to extract tangent modulus (a measure of
stiffness) distributions for each sclera by fitting the model
displacements to those obtained experimentally.

Results: Our models suggest that the LC of normal and EG
eyes can deform posteriorly or anteriorly when the LC material
stiffness is low or high, respectively. In 2 of 3 monkeys, the LC
material constant was lower in EG eyes compared to their
normal controls for similar model LC displacements (Table 2).
Strains in the EG eye were similar to or lower than the
contralateral eye for same average LC displacement and
increased when the LC was more compliant. Laminar stresses
were consistently lower in the EG eye.

We have quantified the fiber organization in the sclera of 10
normal rat eyes using small angle light scattering. Here we
report preliminary data in rats as a step towards quantifying
scleral fiber organization from the aforementioned monkey
eyes. Briefly, patches of sclera centered on the optic nerve
head (ONH) were dissected and scanned at predetermined
locations with a HeNe laser. The laser light was scattered by
scleral fibers, projected onto a diffuser screen and captured by
a CCD camera. Scattering patterns were analyzed to obtain a
fiber orientation map for each patch.
Results: Normal sclera was inhomogeneous (tangent
modulus and thickness were correlated), nonlinear (the
tangent modulus increased with IOP), and anisotropic (fibers
surrounded the ONH). With age, the posterior sclera
significantly stiffened. With exposure to chronic IOP
elevations, biomechanical changes were complex and
individual-specific. However, significant scleral stiffening was
observed in the majority of eyes that were exposed to
moderate to substantial chronic IOP elevations.
Conclusions: In normal eyes, we suggest that the sclera
shields the ONH from biomechanical insult by resisting large
deformations (nonlinearity), and scleral canal expansion
(anisotropy). We suggest that age-related scleral stiffening
(without an associated increase in IOP) could impact the
homeostasis of the ONH, and may contribute to the increased
glaucomatous susceptibility in elderly patients. Finally, we
suggest that scleral stiffening occurs in response to elevated
IOP to maintain the homeostasis of the ONH and potentially
slow glaucoma progression.

[Table 1]

Support acknowledgment: NIH (RO1EY11610; CFB); The
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(ERP44), eukaryotic translation initiation factor 5A-1
(EIF5A) and nucleolar protein 66 (NO66).
Conclusions: We have identified several proteins and
pathways of particular interest to our understanding of LC cell
activation in the human optic nerve following biomechanical
strain at levels modelled to be similar to that found in the
laminar cribrosa at high levels of intraocular pressure.

General Ophthalmic Epidemiology
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VISION LOSS AND ITS RELATIONSHIP WITH
FUNCTIONAL LIMITATIONS AND MENTAL HEALTH IN
BURKINA FASO
E. Freeman1,2, M.-V. Zunzunegui3, S. Kouanda4, M.
Miszkurka3, M. Popescu2, S. Haddad3

[Table 2]
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Conclusions: Connective tissue remodeling in EG alters the
biomechanical response of the ONH in an eye-specific
manner. Models indicate that the LC tissues in EG eyes were
substantially more compliant than their contralateral normal
eyes in two of three monkeys.

Background and aims: Few studies have examined the
impact of vision loss in low-income countries. Our goals were
to describe the frequency of vision loss and to determine the
impact of vision loss in the West African country of Burkina
Faso.
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Methods: Population-based data were used from the World
Health Survey done in Burkina Faso in 2002-2003 (n=4,822
adults ages 18 years and older). A multi-stage stratified
random cluster sampling strategy was used. Participants
answered
a
face-to-face
interviewer-administered
questionnaire that was administered in one of three local
languages with independent back-translation of key terms.
Near and far visual difficulty were assessed by questions
about the level of difficulty seeing and recognizing an object at
arm's length and about difficulty seeing and recognizing a
person across the road. People who responded that they had
mild, moderate, severe, or extreme difficulty or were unable to
do the task were defined as having visual difficulty. Outcomes
included reported difficulty with mobility, learning a new task,
self-care, sadness, or worry. Logistic regression was used
adjusting for age, gender, education, household expenses,
rural versus urban setting, and health status. Prevalence
estimates and standard errors were corrected for the complex
sampling design and for non-response.

RESPONSE OF HUMAN LAMINA CRIBROSA CELLS TO
BIOMECHANICAL STRAIN
R. Rogers1, S. Ackloo2, M. Dharsee2, J. Flanagan1,3,4
1

Institute of Medical Science, University of Toronto, 2Ontario
Cancer Biomarker Network, 3Department of Ophthalmology &
Vision Science, Toronto Western Hospital, Toronto, 4School of
Optometry, University of Waterloo, Waterloo, ON, Canada
Purpose: To determine candidate biomarkers for the
response of cultured, in vivo, laminar cribrosa (LC) cells to
mechanical strain.
Methods: Human LC cells were isolated and grown from
donor tissue in specific media at 37°C in a 5 % CO2 humidified
incubator. Cells were seeded onto collagen I coated silastic
culture plates, grown to confluence, rinsed with DPBS and
allowed to rest for 24 hours in serum-free media. The cells
were then subjected to 3 or 12 % cyclic (1 Hz, sinusoid) equiaxial stretch for 2 or 24 hours using the Flexercell FX-4000
Tension Plus System. Control cells were serum-deprived and
incubated without stretch for the duration of the experiment.
Nano LC-MS/MS analysis using 6-plex iTRAQ labelled
samples was performed on the resulting cell lysate.
ProteinPilot (Applied Biosystems, USA) was used to identify
proteins and their differential expression. Ingenuity Pathway
Analysis (Ingenuity Systems, USA) was used to indentify
networks.

Results: The overall prevalence of any near and far visual
difficulty was 10% (SE=0.7%) and 13% (SE=0.9%)
respectively. Prevalence estimates were strongly associated
with age with 48% (SE=4.2%) and 66% (SE=3.9%) of those
≥65 years old having near or far visual difficulty (P< 0.001).
The prevalence of having any difficulty with mobility, learning a
new task, self-care, sadness, or worry was 20%, 24%, 11%,
41%, and 43% respectively. Near vision loss was associated
with a higher adjusted odds of difficulty with mobility (odds
ratio (OR)=2.15, 95% CI 1.68, 2.75), learning a new task
(OR=2.04, 95% CI 1.64, 2.55), and self-care (OR=1.90, 95%
CI 1.47, 2.47). Near vision loss was also associated with a
higher adjusted odds of difficulty with sadness (OR=2.85, 95%
CI 2.26, 3.60) and worry (OR=2.76, 95% CI 2.18, 3.49). The
results with far vision loss were similar.

Results: Over 520 differentially regulated proteins were found.
The LC cells within the optic nerve head reacted in vitro to
mechanical strain by activating pathways involved in cellular
movement, cell-to-cell signalling, cell morphology and
development, and protein folding. The major protein hubs that
were discovered through IPA revolved around transforming
growth factor β1 (TGFβ1), tumour necrosis factor (TNF),
caspase 3 (CASP3), and tumour protein p53 (TP53), which
are proteins that are believed to play a role in the activation of
astrocytes and in turn, in glaucomatous optic neuropathy.
Proteins of interest that were found in multiple stretches and
matches gene ontology (GO) analysis were bcl-2-associated
athanogene 5 (BAG5), endoplasmic reticulum protein 44

Conclusion: Those with vision problems are much more likely
to report functional limitations and mental health problems
which may lead to disability. Many of those who reported
vision loss may simply need glasses but very few people had
them. Efforts to improve vision may reduce these difficulties,
their disability consequences, and the need for caregiving in
this West African country.
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O436
CORRELATES OF ACCESS TO EYE CARE SERVICES
AMONG US 5TH GRADERS

Background and aims: Clinical experience, research studies,
and anecdotal evidence bear witness to the fact that a very
small percentage of people affected by age-related vision loss
are referred to and/or avail themselves of vision rehabilitation
services. This study investigated the relationship among
service utilization, visual acuity, and self-assessment of visual
function. Specifically, we examined whether individuals
seeking rehabilitation services were more likely to have lower
visual acuities and/or to perceive their functional vision to be
poorer.

X. Zhang1, M. Elliott2, J. Saaddine1, J. Berry3, F. Franklin4, P.
Cuccaro5, M. Schuster3
1

Vision Health Initiative, Centers for Disease Control and
Prevention, Atlanta, GA, 2RAND, Los Angeles, CA, 3Pediatrics,
Harvard Medical School, Boston, MA, 4Nutrition Sciences,
University of Alabama at Birmingham, Birmingham, AL,
5
Prevention Research Center, University of Texas, Houston,
TX, USA
Background: Vision disorders, including amblyopia,
strabismus, and significant refractive errors, are among the
most prevalent disabling childhood conditions in the United
States. About 7% of children < 18 years old have a diagnosed
eye and vision condition. However, little is known about receipt
of eye care services for children.

Methods: Information on 212 participants was drawn from the
database of the Montreal Barriers Study (total N = 635). These
individuals had been interviewed to ascertain demographic
information and had responded to several psychosocial
questionnaires. Additionally, these were the participants of the
larger study who had received vision rehabilitation services
and who had given permission to have their agency files
examined. For the purposes of this study, the Visual Function
Index (VF-14) was utilized to assess self-perception of visual
performance. The best-corrected visual acuity at distance was
taken at the time of the interview and the acuity at the time of
the participant's initial contact with rehabilitation services was
retrieved from agency files.

Purpose: To assess the correlates associated with 5th
graders' receipt of eye care services.
Methods: Data were collected using a two-stage probability
sampling procedure from 5,147 5th graders and their
caregivers who participated in the Healthy Passages Phase I
study in Alabama, California, and Texas between fall 2004 and
summer 2006. 5th graders' access to eye care services was
measured by two questions, “During the past 12 months, was
there any time when your child needed prescription eye
glasses, but didn´t get them because you couldn´t afford it?”
and “Does your child´s current health insurance plan provide
benefits for eye exams and eyeglasses?” We used SAS
version 9.1 and SUDAAN version 9.0 to adjust for the complex
sample design and nonresponse. Multiple logistic regression
was used to estimate the probability of being unable to afford
eyeglasses when needed and not having vision insurance,
controlling for all other independent variables. Predictive
margins and their standard errors from logistic regression
models were estimated using Taylor linearization.

Results: Data analysis indicated a significant correlation
between visual acuity measured at the time of the interview
and the VF-14 score, r = -.523, p < .001. It was noted that the
VF-14 scores were quite low, considering that the individuals
had participated in a rehabilitation program. Further analysis
demonstrated that, for the group as a whole, visual acuity had
actually decreased significantly between the time of initial
rehabilitation services and participation in the Barriers Study, t
(211) = 11.009, p < .0001. A further correlational analysis
indicated a significant relationship between the VF-14 scores
and the change in visual acuity observed between the
assessment occasions, r = .463, p = .001.
Conclusions: The results of this study demonstrate that,
indeed, self-assessment of functional vision (VF-14) reflects
measurable changes in visual function (VA). Furthermore, the
rather surprising low VF-14 scores after vision rehabilitation
are probably reflective of the change in vision rather than the
apparent lack of improved self-perception following an
intervention program. Taken together, these results indicate
the need for long-term monitoring of either visual acuity or VF14 responses in order to determine the need for further
rehabilitation services to address the changing needs of
individuals experiencing ongoing vision loss.

Results: 5.2% (95%CI: 4.5-6.2) of 5th graders didn't get
prescription eye glasses when needed and about 15.9%
(95%CI: 13.7-18.5) of them didn't have vision insurance to
cover eye examinations and eye glasses. After controlling for
age, sex, race/ethnicity, marriage status, education,
employment status, and interview sites, caregivers not having
health insurance were less likely to afford children's eye
glasses (predicted probability: 9.0% vs. 4.2%; p< 0.001).
Moreover, caregivers with lower income were less likely to
afford 5th graders' eye glasses (7.2% among those with
household income < 15K vs. 1.1% among those with
household income >70K, p< 0.001). Compared to their white
counterparts, African Americans and Hispanics were less likely
to have vision insurance coverage for their children (8.0% and
15.3% vs. 23.8%, both p< 0.001). Caregivers' educational
attainment was also independently associated with children's
vision insurance coverage (13.0% among those caregivers
with high school education vs. 18.6% among those with
college education, p=0.016).

O438
DIETARY CARBOHYDRATE IN RELATION TO CORTICAL
AND NUCLEAR LENS OPACITIES IN THE MELBOURNE
VISUAL IMPAIRMENT PROJECT
C.-J. Chiu1,2, L. Robman3, C. McCarty4, B.N. Mukesh3, A.
Hodge5, H. Taylor3, A. Taylor1,2

Conclusions: Socioeconomic status is strongly associated
with 5th graders' unmet eye care needs. Further research and
appropriate policy may be needed to address this issue.
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O437
SELF-ASSESSMENT OF VISUAL FUNCTION, VISUAL
ACUITY, AND UTILIZATION OF VISION REHABILITATION
SERVICES: ARE THEY CONNECTED?

Purpose: In vitro and in vivo animal studies suggest that
dietary carbohydrates play a role in cataractogenesis. Few
epidemiological studies have evaluated this association. The
objective was to examine the cross-sectional associations

O. Overbury1,2, N. de la Haye Duponsel1, W. Wittich3
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between total carbohydrate intake, dietary glycemic index
(dGI) and the risk for cortical and nuclear cataract.

circuits mediate this function? We combined genetic labeling
of cell types, two-photon microscopy, electrophysiology and
theoretical modeling to address this question. We identify an
approach-sensitive ganglion cell type in the mouse retina,
resolve elements of its afferent neural circuit, and describe
how these confer approach sensitivity on the ganglion cell.
The circuit´s essential building block is a rapid inhibitory
pathway: it selectively suppresses responses to nonapproaching objects. This rapid inhibitory pathway, which
includes AII amacrine cells connected to bipolar cells through
electrical synapses, was previously described in the context of
night-time vision. In the daytime conditions of our experiments,
the same pathway conveys signals in the reverse direction.
The dual use of a neural pathway in different physiological
conditions illustrates the efficiency with which several functions
can be accommodated in a single circuit.

Methods: After excluding 864 persons from 2473 eligible
participants, 1609 eligible non-diabetic participants (mean age
57.6 y, 55.9% female) in the Melbourne Visual Impairment
Project (VIP) were used in this study. Dietary information
derived from a semiquantitative food frequency questionnaire
and cataract status graded by the Wilmer protocol (cortical
cataract: opacity ≥ 4/16; nuclear cataract: ≥ 2.0 grade) were
collected. Using the generalized estimating approach to
logistic regression to account for the lack of independence
between two eyes of an individual, we examined the
associations between dietary carbohydrate and risk for
cataract for eyes with no or a single type (pure) of cataract.
Results: After multivariate adjustment, pure cortical cataract
(197 eyes) was significantly associated with total carbohydrate
intake (odds ratio (OR) comparing the highest quartile with the
lowest quartile = 3.19, 95% confidence interval (CI): 1.10,
9.27; P for trend = 0.017). The OR for nuclear cataract (366
eyes) comparing the third quartile of dGI with the first quartile
(OR = 1.64, 95% CI: 1.02-2.65), but there was not a consistent
dose-response association (P for trend = 0.75).

O441
MOLECULAR AND CELLULAR MACHINERY UNDERLYING
VESICULAR TRANSMITTER RELEASE FROM
HORIZONTAL CELLS
N. Brecha1,2, A. Hirano1, H. Lee1, C. Schietroma1, G.
Zampighi1, C. Guo3, S.L. Stella Jr.4,5

Conclusions: Carbohydrate intake may be optimized to
prolong eye lens function. Due to high proportion of subjects
with missing covariate, these results warrant further study.
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Ionic Mechanisms Underlying Receptive
Field Formation in the Retina

The photoreceptor synaptic triad is the site of initial transfer of
visual information from photoreceptors, and the fidelity of
information transfer is critically important for visual processing.
The triad is characterized by the photoreceptor terminal, and
an invaginating ON-bipolar cell dendrite that is flanked by
horizontal cell endings. Horizontal cells transmit visual signals
to photoreceptors and bipolar cells, and contribute to light
adaptation, luminance contrast and color opponent properties.

O439
ACTIVITY INDEPENDENT DEVELOPMENT OF DIRECTIONSELECTIVE CIRCUITRY IN THE MAMMALIAN RETINA
S. He
Institute of Biophysics, Chinese Academy of Sciences, Beijing,
China

The cellular mechanisms underlying information transfer by
horizontal cells is poorly understood, and ongoing studies are
testing the hypothesis that horizontal cell transmitter release is
mediated by a calcium- and SNARE-dependent vesicular
mechanism. We are using high-resolution conical electron
tomography with density segmentation to characterize
vesicles, and immunohistochemistry with well characterized
antibodies to evaluate key synaptic and vesicular proteins in
horizontal cell endings.

The ON-OFF direction selective ganglion cells (DSGCs) in the
mammalian retina code image motion by responding much
more strongly to movement in one direction. They do so by
receiving inhibitory inputs from a particular sector of processes
of the overlapping starburst amacrine cells, a type of retinal
interneuron. The mechanisms of establishment and regulation
of this selective connection is unknown. We report that with
pharmacological blockade of synchronous cholinergic activity
and/or action potentials for over two weeks from birth, the
morphology, physiology of the ON-OFF DSGCs and the
circuitry for coding motion directions can develop normally.
With recent results demonstrating light independent formation
of the retinal DS circuitry, our results strongly indicate the
formation of the circuitry, i.e, the connections between second
and third order neurons in the sensory system, can also be
genetically programmed, in addition to well established genetic
control between olfactory sensory neurons and the mitral cells.

Electron tomographic studies of both mouse and guinea pig
horizontal cell endings show small to medium clear-core
vesicles, clathrin-coated vesicles and smooth ER. Vesicles
range between 37-62 nm in diameter and a greater number of
vesicles are in axonal compared to dendritic endings. The
clear-core vesicles are similar in appearance to synaptic
vesicles in other axons. Immunohistochemical and single-cell
RT-PCR studies have established the presence of key
vesicular proteins, including SV2A, synapsin 1, vesicular
GABA transporter (VGAT), and a calcium sensor,
synaptotagmin-2, and essential components of the SNARE
complex, syntaxin-1a, -4, SNAP25 and VAMP-1 in horizontal
cells. These vesicular, SNARE and SNARE-associated
proteins are in the same cellular compartments, suggesting
the presence of the molecular machinery underlying
exocytosis. In addition, both L- and N-type calcium channels
are in horizontal cells, suggesting that vesicular release is
regulated and calcium dependent. Immunohistochemical
studies have also established the expression of GABA, the
GABA synthesizing enzyme, L-glutamate decarboxylase, and
VGAT in horizontal cells of the guinea pig retina.

O440
APPROACH SENSITIVITY IN THE RETINA PROCESSED
BY A MULTIFUNCTIONAL NEURAL CIRCUIT
T. Munch1, R. Da Silveira2, S. Siegert1, T. Viney1, G.
Awatramani3, B. Roska1
1

FMI, Basel, Switzerland, 2École Normale Supérieure, Paris,
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The detection of approaching objects, such as looming
predators, is necessary for survival. Which neurons and

These findings
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strongly

support

a

regulated

vesicular

mechanism mediating transmitter release from horizontal cells.
Furthermore, our studies support the idea that GABA is
synthesized and released from mammalian horizontal cells
and it follows that GABA has a functional role in the outer
retina. A GABA action, as well as a proton action, in the outer
retina suggests a greater complexity than previously
appreciated in the cellular mechanisms participating in
feedback and feed forward in the outer retina.

manipulating the membrane potential of post-synaptic HCs
influenced rod calcium currents (ICa). Similar to HC feedback in
cones, hyperpolarizing HCs from 0 mV to -40, -70, and -90 mV
increased the amplitude of rod ICa and caused hyperpolarizing
shifts in ICa voltage dependence. These effects were blocked
by supplementing the bicarbonate-buffered saline solution with
HEPES. Hyperpolarizing HCs with light caused a similar
negative activation shift and increased the amplitude of I Ca
recorded from light-insensitive rods lacking outer segments.
These changes in ICa were blocked by HEPES and glutamate
antagonists, consistent with the hypothesis that they are due
to HC feedback. In another approach, we pharmacologically
manipulated HC membrane potentials by puffing a glutamate
agonist (KA) or antagonist (DNQX) to depolarize or
hyperpolarize HCs, respectively. In both mouse and amphibian
retina, KA caused a rightward shift in rod I Ca whereas DNQX
caused a leftward shift. These changes were blocked by bath
application of HEPES. Finally, we used a Ca-sensitive dye,
Fluo4, to examine the effects of HC feedback on [Ca2+]i in rod
terminals in both salamander and mouse retina. We
depolarized cones to near the midpoint of the ICa activation
curve by bath application of 20-30 mM K+. Consistent with HC
feedback effects on ICa, intraterminal Ca2+ increases were
inhibited by application of a glutamate agonist (KA) and
enhanced by a glutamate antagonist (NBQX). These effects
were blocked by HEPES. Together, these different
experimental approaches show that rods, like cones, receive
negative feedback from HCs that regulates the amplitude and
voltage dependence of ICa and thereby influences intraterminal
Ca2+ levels. By countering the reduced synaptic output that
accompanies hyperpolarization of rods to light, HC feedback
will subtract spatially averaged luminance levels from the
responses of individual rods to local luminance changes. The
finding that HC to rod feedback is present in both amphibian
and mammalian species shows that this mechanism is highly
conserved across vertebrate retinas.

Supported by NIH EY 15573 (NB) and the Jules Stein Eye
Institute EyeSTAR program (HL). NB is a VA Career Research
Scientist.
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LIGHT TRIGGERS THE MATURATION OF
GLUTAMATERGIC SYNAPSES IN THE DEVELOPING
RETINA
D. Bowie
McGill University, Montreal, QC, Canada
Recruitment of AMPA receptors into developing glutamatergic
synapses is carefully timed by a switch in the molecular
composition of NMDA receptors. Early in development,
AMPAR insertion is restrained by signaling through NR2Bcontaining NMDARs. However, as development proceeds,
NR2B's dominance dissipates as more and more synapses
accumulate NR2A-containing NMDARs which promote
AMPAR insertion. So common has this interplay between the
NMDAR and AMPAR been observed that it is thought to
govern assembly at all glutamatergic synapses. However, not
all neurons express NMDARs suggesting, in some instances,
an entirely different set of rules may regulate AMPAR
recruitment. I describe experiments where my lab has studied
glutamatergic synapse development in retinal AII amacrine
cells which we have shown lack NMDARs. In the light-adapted
retina, AMPARs are recruited into glutamatergic synapses
soon after eye-opening (i.e. P14) suggesting that the
maturation process relies on signaling events triggered by light
entering the eye. In support of this, synapse maturation is
delayed in the dark-reared retina. AII amacrine cells express
calcium-permeable AMPARs (CP-AMPARs) in both lightadapted and dark-reared retina consequently the disruption in
synapse maturation is unlikely to be due to differences in
AMPAR divalent permeability. Instead, the effect of sensory
experience on synapse development apparently reflects a
switch in AMPAR composition. CP-AMPARs expressed in the
dark-reared retina are sensitive to polyamine block suggesting
they lack the GluR2 AMPAR subunit. In contrast, CP-AMPARs
expressed by AII amacrine cells in the light-adapted retina are
insensitive to polyamines suggesting, unexpectedly, that they
contain GluR2. Ongoing experiments are examining whether
sensory experience affects CP-AMPAR composition in AII
amacrine cells by regulating GluR2 transcription, translation
and/or trafficking.

Supported by NIH EY10542 and Research to Prevent
Blindness.

Retinal Disease-Regeneration-Therapy
O444
NOVEL MODELS OF CONE PHOTORECEPTOR
REGENERATION
I.B.M. Fraser1, H. Wang1, A.R. Bujold1, M. DuVal1, A.
Wehrfritz-Hanson1, W.T. Allison1,2,3
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Background: Stem cell therapy holds promise to treat most
retinal degenerative disorders. Therapeutic approaches that
can be envisioned include transplantation of stem cells into the
retina, or activation of latent stem cells (e.g. Müller glia cells)
present throughout the retina. For any such therapy to be
successfully implemented, the vision science community must
gain knowledge of pathways that mediate two critical steps: i.
differentiation of stem cells into cone photoreceptors; ii.
functional integration of new cone photoreceptors into the
retinal neural network. Both steps are required for restoration
of vision. Our overarching Aim is to identify cellular and
molecular pathways requisite for regeneration of functional
cone photoreceptors. Our Aim here is to engineer and
characterize novel transgenic zebrafish wherein cone
photoreceptor subtypes can be conditionally ablated, thus
simplifying the regeneration response.

O443
HORIZONTAL CELL FEEDBACK TO RODS IN
VERTEBRATE RETINA
W. Thoreson, N. Babai
Ophthalmology and Visual Science, Univ. of Nebraska Med.
Center, Omaha, NE, USA
Retinal horizontal cells (HCs) provide negative feedback to
cones but it was long believed that HCs did not provide similar
feedback to rods. Using a number of different experimental
approaches, we investigated this question in both amphibian
and mammalian retina. In salamander retina, we recorded
simultaneously from rods and HCs to test whether directly

Methods: Zebrafish have emerged as a potent, economical
animal model in biomedicine. Beyond their genetic toolkit and
fecundity, zebrafish have characters that make them
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especially well-suited for our study: robust regenerative
capacity from intrinsic retinal stem cells, a cone-rich retina akin
to the human fovea, and a tractable suite of behavioural and
electroretinogram paradigms for assessing visual function. We
are engineering transgenic zebrafish where we can
conditionally ablate subtypes of photoreceptors. These
transgenic fish express a bacterial gene, nitroreductase, in
subtypes of cone photoreceptors (e.g. all blue-sensitive cones)
under control of opsin promoters. We apply a prodrug to ablate
all blue-sensitive cones via formation of neurotoxin only in
cells expressing nitroreductase. We document the quality of
cone regeneration through markers of cone differentiation,
BrdU incorporation, and functional measures of visual ability.

specific markers. C-myb expression was also visualized in
transgenic zebrafish expressing a cmyb-GFP reporter.
Results: In the developing zebrafish eye, sox11, insm1, and
c-myb gene expression were observed throughout the
neuroepithelium at 24 hours post fertilization (hpf) and
thereafter became progressively restricted to the persistently
neurogenic marginal zone (CMZ), in a pattern very similar to
that of the proliferation marker PCNA. In the wild type adult
retina, expression of the above transcription factors was very
low, however expression was elevated in the retina in
response to rod photoreceptor degeneration. Interestingly,
sox11 expression did not appear to co-localize with BrdUpositive rod progenitor cells.

Results: Application of prodrug to our transgenic fish results in
a significant reduction of cone abundance by an order of
magnitude. This effect is not seen in fish that lack transgene
expression or in fish that do not receive prodrug. Preliminary
analysis suggests adjacent cells are morphologically intact.
BrdU uptake indicates that at least some photoreceptors
reappear from proliferating populations of cells.

Conclusions: Our results suggest that the transcriptional
regulators sox11, insm1, and c-myb are important for both
embryonic retinal development and in the adult regenerative
response to photoreceptor degeneration. Furthermore, our
results show that zebrafish models of selective photoreceptor
degeneration are useful tools for identifying transcriptional
regulators of photoreceptor genesis during development and
regeneration.

Conclusions: Our novel models of conditional cone ablation
are effective in ablating subclasses of cones (e.g. all blue
cones). Combined with the robust innate regenerative
response of zebrafish retina, this will permit study of cone
regeneration from retinal stem cells. The approach has
advantages over previous ablation methods in the specificity of
the cells killed, which will reduce complexity of the
regenerative response and experimental interventions thereof.

O446
PROTOCADHERIN-17 FUNCTION IN ZEBRAFISH RETINAL
DEVELOPMENT
Y. Chen, Q. Liu

Supported by NSERC to WTA.
Biology Department, University of Akron, Akron, OH, USA
Background and aims: Calcium-dependent cell adhesion
molecule cadherins play important roles in cell adhesion and
morphogenesis. Most studies have focused on analyzing
classical cadherins function in vertebrate development, there
is little information on protocadherins function in the vertebrate
development, and there is no published report on
protocadherins function in the vertebrate retinal development.
In this study, using zebrafish as our model organism, we have
begun to study protocadherin-17 (pcdh-17) function in
zebrafish retinal development.

O445
IDENTIFICATION OF TRANSCRIPTIONAL REGULATORS
OF RETINAL DEVELOPMENT AND PHOTORECEPTOR
REGENERATION IN ZEBRAFISH
A. Morris1, L. Pillai1, M. Forbes-Osborne1, D. Mari2, J. Fadool2
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Methods: Zebrafish was used as described in details in the
Zebrafish Book (Westerfield, 2005). A translation blocking
pcdh17 morpholino antisense oligonucleotide (pcdh17atgMO),
a splice-blocking pcdh17 MO (pcdh17sMO), or a control 5-bp
mismatch MO for the splice-blocking MO (5-mispcdh17sMO)
was microinjected into 1-4 cell stage embryos. RT-PCR was
performed to assess specificity of the pcdh17sMO. At specific
stages (e.g. 50 hours post fertilization, hpf), the embryonic
eyes and ears were measured using a SPOT digital camera
system, and the embryos were anesthetized, fixed and
processed. Whole mount in situ hybridization and whole mount
immunocytochemistry were performed to label specific retinal
cells and/or structures. Results were recorded using the SPOT
digital camera, and analyzed using student's t-test.

Background: Unlike mammals, the retinas of teleost fish
display 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 may also uncover genes required for photoreceptor
subtype specification during vertebrate embryogenesis. 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 rod
degeneration, several transcription factors that are candidate
regulators of rod regeneration were identified. These include
the zebrafish homologues of insm1, a zinc-finger transcription
factor associated with neurogenesis; sox11, a transcription
factor involved in the regulation of embryonic development and
neural cell fate determination; and c-myb, a transcription factor
best known for its role in regulating hematopoiesis but which
has also been linked to maintenance of neural stem cells.

Results: Embryos injected with either the pcdh17atgMO or
pcdh17sMO (pcdh17 morphants) showed similar phenotype,
with significantly reduced eye size, but similar head and body
size and shape, similar ear size and development (measured
by otolith and semicircular canal development) as uninjected
control embryos. Moreover, embryos injected with the control
MO were undistinguishable from those uninjected control
ones.

Methods: Sox11, insm1, and c-myb expression during retinal
development and in response to rod degeneration was
examined by RT-PCR and in situ hybridization of embryonic,
larval, and adult retinal cryosections. Cell proliferation was
visualized by immunodetection of BrdU incorporation.
Localization of gene expression in different retinal cell types
was determined by immunolabeling with antibodies to cell-type
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Further, differentiation of retinal ganglion cells, amacrine cells
and photoreceptors appeared to be affected in the pcdh17
morphants.

DISTRIBUTIONS OF RPE AND CONE PHOTORECEPTOR
DYSFUNCTION IN HUMAN AMD RETINA REVEALED BY
COMPUTATIONAL MOLECULAR PHENOTYPING

Conclusions: Results from our preliminary studies suggest
that Pcdh17 is involved in the development of zebrafish retina.

J. Tucker, B. Jones, C. Watt, J.-H. Yang, M. Shaw, K. Rapp,
R. Marc

References: M. Westerfield. 2005. The Zebrafish Book.
University of Oregon Press, Eugene, OR.

Ophthalmology, University of Utah - Moran Eye Center, Salt
Lake City, UT, USA
O447

Background and aims: The precise etiology of age-related
macular degeneration (AMD) remains elusive, though many
risk factors and pathologies have been noted, including
alterations of Bruch´s membrane, complement involvement,
altered RPE cytology, and photoreceptor loss. We sought a
more comprehensive molecular snapshot of AMD by profiling
human AMD tissue with computational molecular phenotyping
(CMP), a method for quantitative imaging of multiple protein
and small molecule targets over large areas of tissue.

A REELIN-INDEPENDENT ROLE FOR THE DISABLED-1
EARLY ISOFORM IN RETINAL PROGENITOR CELLS
Z. Gao, E. Monckton, D. Glubrecht, R. Godbout
Cross Cancer Institute, University of Alberta, Edmonton, AB,
Canada
Background and aims: The Reelin-Disabled-1 (Dab1)
signaling pathway regulates neuronal cell migration and
synaptic circuitry during central nervous system development.
Reelin bound to its receptors induces tyrosine phosphorylation
of Dab1, which transmits the signal to downstream effectors
regulating cell migration and synapse formation. Two
alternatively-spliced Dab1 isoforms have been identified in the
retina and brain: Dab1-E, expressed at early stages of
development, and Dab1-L (the commonly-studied Dab1 form),
expressed at later developmental stages. Although Dab1-L
has been shown to function as a critical adaptor linking Reelin
signaling to the downstream effectors, nothing is known
regarding the functions of Dab1-E. Our aim is to investigate
the function of Dab1-E in the developing retina.

Methods: Post-mortem human AMD eyes obtained through
the Utah Lions Eye Bank were fixed in a mixture of
formaldehyde and gluteraldehyde then embedded in plastic.
Serial thin sections were simultaneously immunolabeled for
cytosolic retinaldehyde binding protein (CRALBP), red/green
opsin, rhodopsin, glutamate, glutamine, taurine, glutathione,
arginine, aspartate, GABA, glycine, and DAPI. Sections were
also imaged for lipofuscin autofluorescence at 590nm. Silver
intensified sections were imaged at 40x then tiled and
coregistered. Computational analysis was performed using
Photoshop CS3, Microsoft Excel, and ImageJ.
Results: We found peripheral-to-macular gradients of a
variety of cellular pathologies, all more severe in proximity to
the macula. Increased lipofuscin accumulation in the RPE is
paralleled by evidence of osmoregulatory dysfunction,
indicated by an overall increase in taurine and "bricking" in
which adjacent RPE cells have dramatically different
concentrations. In parallel, the RPE-photoreceptor interface
becomes strewn with opsin-laden debris, implying a failure of
RPE phagocytosis. Cone photoreceptors specifically show
significant mislocalization of opsins into their inner segments,
axons and synaptic pedicles. Furthermore, in later stage AMD,
many otherwise viable cones appear devoid of opsin, while
rods continue to generate pigment despite decreased
phagocytosis. This discrepency could explain part of the
central bias of AMD and, importantly, suggests that central
photopic vision loss may precede cone photoreceptor death.

Methods: Immunohistochemistry, immunofluorescence and
western blot analysis were used to examine the expression of
Dab1-E, Dab1-L and Reelin signaling components in the
developing retina. Inhibitor experiments were carried out to
examine whether levels of Dab1-E and Dab1-L were affected
upon inhibition of Reelin, Notch and Sonic Hedgehog
signaling. Retroviral-mediated RNAi was used to specifically
knockdown the levels of Dab1-E in the retina at early
developmental stages. The percentage of proliferating cells
and apoptotic cells was measured by BrdU labeling and
TUNEL assays in the Dab1-E knockdown or control retinas.
Results: Dab1-E is preferentially expressed in proliferating
retinal progenitor cells, whereas Dab1-L, along with Reelin and
its receptors, is exclusively found in differentiated neuronal
cells including ganglion, amacrine and horizontal cells. Dab1L, but not Dab1-E, is tyrosine phosphorylated upon Reelin
stimulation, supporting a Reelin-independent role for Dab1-E.
Inhibition of Notch, but not Reelin and Sonic Hedgehog
signaling, reduces Dab1-E levels. Knockdown of Dab1-E in
chick retina does not change the lamination of the retina, but
decreases the number of retinal progenitor cells, alters the
oscillation of the progenitor nuclei within the retina and
promotes ganglion cell differentiation.

Conclusions: The association in the RPE of lipofuscin
accumulation, osmotic and metabolic stress, and dysfunctional
phagocytosis suggests a potential mechanism through which
lipofuscin might contribute to photoreceptor pathology and
offers therapeutic options that could prolong photoreceptor
viability and function. The close association of dysfunctional
RPE phagocytosis with pigment trafficking dysfunction
suggests that failure of outer segment recycling may be an
early cause of photoreceptor pathology, implying that
restoration of phagocytosis and the visual cycle might
preserve vision. Finally, the observation that viable cones in
late AMD have stopped making pigment suggests that pigment
deficit may be the initial cause of vision loss, in which case
gene therapy might be able to reverse early vision loss and
even prevent photoreceptor death.

Conclusions: Contrary to the well-established role for Dab1 (L) in Reelin-mediated cell migration and synaptic modulation,
our results demonstrate a Reelin-independent role for Dab1-E
in the maintenance of the retinal progenitor pool and
determination of retinal cell fate. Our data also suggest that
these two alternatively-spliced Dab1 isoforms regulate distinct
processes by acting in different signaling pathways: Dab1-E
functions through the Notch signaling to regulate retinal cell
fate at early developmental stages, whereas Dab1-L functions
through the Reelin signaling to regulate retinal synaptic
circuitry at late developmental stages.

O449
NEUROPROTECTIVE COMPOUNDS FOR RETINAL
DEGENERATIONS- FROM MOLECULAR MECHANISM TO
THERAPEUTIC STRATEGIES
M.N. Mandal1,2, J.-T. Tran1,2, H. Chen1,2, A. Rahman1,2, L.
Zheng1,2, R. Anderson1,2,3
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chains. We have developed an alternative gene transfer
strategy based on self-inactivating (SIN) or long terminal
repeat (LTR)-modified lentiviral vectors, in which transgene
expression is under the control of different combinations of
promoter-enhancer elements derived from the keratin-14 (K14)
gene. Analysis in human keratinocyte cultures and in fully
differentiated epithelium regenerated onto immunodeficient
mice showed that gene expression directed by K14 enhancers
is tissue-specific and restricted to the basal layer of the
epithelium. Transcriptionally targeted lentiviral vectors
efficiently transduced clonogenic stem/progenitor cells derived
from an epithelial biopsy of a JEB patient, restored normal
synthesis of LAM5 in cultured keratinocytes, and reconstituted
normal adhesion properties in human epithelial equivalents
transplanted onto immunodeficient mice. These vectors are
therefore an effective, and potentially more safe, alternative to
MLV-based vectors in gene therapy of JEB.

Background: Inflammation and oxidative stress have now
been established as major pathological factors for many retinal
dystrophies including age-related macular degeneration (AMD)
and diabetic retinopathy. Here we attempted to understand the
molecular mechanism of protection of retinal cell death by a
potent anti-oxidative compound, PBN and potent antiinflammatory compounds such as curcumin and caffeic acid
phenethyl ester (CAPE).
Methods: PBN was administered by IP injection to albino SD
rats which are born and reared in cyclic dim light (5-10 lux),
0.5 hr before light damage at 2,700 lux for 6 hr. Alteration in
gene expression was studied by microarray analysis.
Curcumin, and CAPE on the other hand, was fed to Wistar or
SD rats for 15 days with diet (AIN 76A + 0.2% curcumin and
AIN93G + 0.1% CAPE), and followed by exposed to 2000 lux
light for 3-6 hr for SD and 1000 lux for 3-6hr for Wistar. The
mechanism of protection was studied by various biochemical
and molecular analyses. As an in vitro model of oxidant stress
mouse retina derived 661W cells were used and stressed with
H2O2.
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CORNEAL STEM CELLS AND REGENERATIVE MEDICINE
M. Griffith1, K. Merrett1, P. Fagerholm2, N. Lagali2, B.
Bareiss1, J. Scaiano1
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Results: PBN treatment 0.5 hr before light damage restored >
90% photoreceptor functionality in SD rats whereas none to
minimal ERG response detected in the untreated rats. PBN
treatment suppressed a host of inflammatory genes and
oxidative genes such as Icam1, Timp1, Ccl2, Lox12, Cox2,
and Ho1. Both curcumin and CAPE showed protection of
retina against light injury. Curcumin diet reduced the level of
pro-inflammatory molecule 4HNE and pro-oxidative peroxynitrite in the retina and blocked the activation of transcription
factor, NFkB. Both CAPE and curcumin significantly upregulated the level of Heme oxygenase 1 protein and gene
expression, both in vivo and in vitro assays.

Our goal was to develop biomimetic materials that are ECM
analogs, capable of sustaining a native-like ECM environment
and interacting with endogenous stem and progenitor cells
within the human cornea to promote regeneration after
implantation to replace pathologic tissues. Specifically, we
have been developing base scaffolds comprising collagen
mimetics
and
various
crosslinkers,
and
synthetic
macromolecules to crosslink or form interpenetrating networks
for use as corneal substitutes.
Recombinant human collagen hydrogels were fabricated by
crosslinking with either water-soluble carbodiimides or
crosslinkers that we developed. Some composite hydrogels
incorporate a drug delivery system. These constructs were
characterized for composition by solid-state 13C{1H} NMR
analysis, equilibrium water content measurements and
thermodynamic properties. They were also characterized for
optical properties (refractive indices, light transmission and
scatter) as well as for mechanical strength. They were also
tested for suturability, biostability (effect of UV, enzymatic
digestion) and permeability to glucose and albumin.
Biocompatibility and performance of materials as scaffolds
was determined in vitro. Some corneal substitutes were then
tested in animal models and recently, we completed a 24
month Phase I clinical study of one version of these materials
as corneal implants. We show that these corneal substitutes
can promote regeneration of corneal tissue and nerves.
However, these substitutes only addressed specific clinical
indications. For patients with infectious causes of vision loss,
e.g. HSV-1, both the disease latency and reactivation as well
as repair and regeneration of the damaged cornea has to be
addressed. We show that the same biomimetic materials that
can mobilize endogenous stem cells can also serve as
delivery vehicles for exogenous sources of stem cells, as an
alternative to amniotic membranes. We also discuss the
potential for development of corneal substitutes that could
potentially address both disease and regeneration.

Conclusions: Protection of retinal structure and function in
intense light induced damage by PBN, Curcumin and CAPE
suggests their potential use for targeted therapies for retinal
conditions where inflammation and oxidative stress play major
roles. Deciphered molecular mechanism will help to design
best possible combination of the compounds for better
protection for a particular retinal condition. Successful
evaluation of these compounds singly or in combination in preclinical models would result in novel augmentative therapy for
AMD and diabetic retinopathy.

Corneal Stem Cells and Regenerative
Medicine
O450
CORRECTION OF LAMININ-5 DEFICIENCY IN HUMAN
EPITHELIAL STEM CELLS BY TRANSCRIPTIONALLY
TARGETED LENTIVIRAL VECTORS
G. Pellegrini, F. Mavilio, M. De Luca
Centre for Regenerative Medicine 'Stefano Ferrari', University
of Modena and Reggio Emilia, Modena, Italy
Deficiency of the basement membrane component laminin-5
(LAM5) causes junctional epidermolysis bullosa (JEB), a
severe and often fatal epithelial adhesion defect. Autologous
transplantation of epithelial stem cells genetically corrected
with a Moloney leukemia virus (MLV)-derived retroviral vector
reconstitutes LAM5 synthesis, and corrects the adhesion
defect in JEB patients. However, MLV-derived vectors have
genotoxic characteristics, and are unable to reproduce the
physiological, basal layer-restricted expression of LAM5

O452
LIVING TISSUE-ENGINEERED CORNEA
RECONSTRUCTED IN VITRO
L. Germain, S. Proulx, F.A. Auger, R. Bazin

162

LOEX, Hôpital du Saint-Sacrement, Centre de Recherche du
Centre Hospitalier Affilié Universitaire de Québec (CHA),
Départements Chirurgie et Oto-Rhino-Laryngologie et
Ophtalmologie, Université Laval, Quebec, QC, Canada

is assessed by grading graft clarity and measuring central
corneal thickness, intraocular inflammation and intraocular
pressure. Postmortem analysis includes alizarin red and
trypan blue staining, histology, fluorescence microscopy,
scanning and transmission electron microscopy.

The development of regenerative medicine is progressing
rapidly. Tissue engineering now allows to grow tissues in vitro
following the expansion of cells isolated from a small biopsy.
Three substitutes are developed at the LOEX laboratory. They
are designed for future clinical applications in the replacement
of i. the epithelium, ii. the endothelium or iii. the full-thickness
cornea. The presentation will focus on key elements to
consider in the corneal reconstruction such as the source for
epithelial cells and keratocytes, the size of biopsy necessary to
initiate the culture. A particular challenge specific to the
corneal stroma is the peculiar alignment of cells and collagen
fibers in this tissue. A new method for the alignment of
collagen fibers by producing tissue from cells cultured on a
microstructured polymer will be presented. Preclinical studies
for the grafting of autologous cultured epithelial cells in rabbits
with corneal stem cell deficiency will be reported. Also
discussed will be the characterization of a tissue-engineered
corneal endothelium model, reconstructed on a denuded
Descemet's membrane of a human cornea. Moreover, the
validation and characterization of a novel in vitro threedimensional corneal wound healing model reconstructed by
the self-assembly approach will be presented. This in vitro
model allows the migration of human corneal epithelial cells on
a natural ECM that followed a consistent wave-like pattern
similar to that reported for human corneal wound healing in
vivo. This model also showed an histological appearance
similar to the native tissue and allowed to quantify the
reepithelialization rate, which was significantly accelerated in
the presence of fibrin or EGF. Finally our results demonstrate
that the cell source of both epithelial cells as well as fibroblasts
influences the macroscopic features such as the transparency
of the reconstructed tissues as well as the thickness and
histological features of the reconstructed epithelium in tissueengineered skin and tissue-engineered cornea. The production
of complex living 3D tissues by tissue engineering is a
promising approach and has potential clinical applications to
overcome the shortage of donor cornea. Moreover, these
human tissues represent good in vitro models for the study of
physiological processes.

Results: Reconstructed donor corneas preserved in Optisol
are very similar to native human eye bank donors. As seen
with the short-term experiments, graft cleared within the first
week, consistent with a decrease in thickness. In contrast, the
control grafts consisting in the carrier only (without
endothelium) remained thick and opaque. Long term follow-up
implies the monitoring of postoperative intraocular inflamation,
graft clarity, rejection, and failure.
Conclusion: Corneal transplantation with tissue engineered
corneal endothelium is successful in the feline model. These
results constitute another promising step towards future
increased accessibility to corneal transplantation.
Support: Canadian Institutes of Health Research (CIHR) and
the Research in Vision FRSQ Network.
Commercial relationships: None
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THE PLURIPOTENT HUMAN KERATOCYTE? IN SITU
REPROGRAMMING OF KERATOCYTES TO NEURONS
C.-Y. Chang, D. Nelidova, J. McGhee, T. Sherwin, C. Green
Ophthalmology, University of Auckland, Auckland, New
Zealand
Background and aims: Cell reprogramming changes the
phenotype of adult cells. It commonly involves reversion to an
intermediate pluripotent cell type through gene transfection.
Identifying molecules that might circumvent the need for gene
therapy, and perform reprogramming in situ, would enhance
therapeutic possibilities. It is thought that stem cells and
progenitors reside in the corneal stroma. Sphere forming
assays are said to select for and amplify these progenitors,
and as with brain-derived neurospheres, stromal spheres
robustly express the neural stem cell and progenitor markers
Nestin and Musashi-1. In order to determine the source of
sphere-initiating cells, an organotypic air-liquid interphase
culture of adult human corneal tissue slices was established
with the same pro-neural culture medium used for sphere
expansion employed and immunohistochemistry proposed in
order to identify any cells undergoing a phenotypic change.
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IN VIVO TRANSPLANTATION OF A TISSUE ENGINEERED
CORNEAL ENDOTHELIUM IN THE ANIMAL MODEL
I. Brunette1, S. Proulx2, N. Haydari1, M. Bareille3, A.
Deveault3, L. Germain2

Methods: An organotypic culture of adult human cornea was
established using proneural conditions supplemented with
Epidermal Growth Factor (EGF) and Fibroblast Growth Factor2 (FGF-2). Expression of neural progenitor and mature
neuronal markers was assessed using immunohistochemistry.
Antibodies used to identify cells expressing neural specific
markers were those against Nestin, Musashi-1, Beta III tubulin,
Neurofilament-200, MAP-2 and SMI-32. Control slices were
cultured in MEM medium supplemented with serum.
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QC, Canada
Background and aim: Recent progress in tissue engineering
technology now makes it possible to culture corneal cells in
vitro and reconstruct corneal tissues. We have demonstrated
that corneal transplantation with tissue engineered corneal
endothelium is successful for at least 7 days in the feline
model. The long term clinical outcome of these bioengineered
corneal transplants is now being assessed.

Results: After 3 days of organotypic culture in proneural
media, keratocytes en masse expressed the neural precursor
proteins Musashi-1 and Nestin. There was no evidence for
morphologically immature cells being involved, or for
keratocytes to round up. After 7 days, keratocytes expressed
Nestin, beta III tubulin, SMI-32, MAP-2 and Neurofilament-200,
and had developed a mature neuronal morphology.
Reprogramming occurred throughout the stroma with the
reprogrammed neuronal phenotype cells spatially constrained
between lamellae. Both EGF and FGF-2 were essential for the
reprogramming with removal of either from the medium
preventing reprogramming. Keratocytes in slices cultured in
MEM with serum did not reprogramme.

Methods: Bioengineered corneas consisting of cultured feline
corneal endothelial cells seeded on the denuded Descemet's
membrane of a devitalized native human cornea are
transplanted in adult animals. Controls either receive an
autologous, an allogeneic or a human xenogeneic native
cornea, or a carrier only (devitalized stroma without endothelial
cells). The intraoperative and postoperative protocol is similar
to that typically used for human subjects. Functional outcome

163

1

Ophthalmology, College of Medicine & King Saud University,
Glaucoma, King Khaled Eye Specialist Hospital, Riyadh,
Saudi Arabia
2

Conclusions: This work demonstrates complete en masse
cellular reprogramming of human keratocytes to a neuronal
phenotype in situ. Redifferentiation appears to occur sideways
rather than backwards via a stem or pluripotent cell phenotype
with no evidence for progenitor cell involvement. While
reprogramming of embryonic tissues has previously been
attained, we believe that this is the first recorded
reprogramming of an adult human tissue with possibilities for
corneal nerve replacement and tissue engineering.

Background: ECP was initially recommended for refractory
glaucoma 1. More recently, it was suggested that it can be
useful in combination with cataract surgery in some patients.
Short-term studies have reported reasonable IOP lowering & a
low rate of visually threatening/devastating complications 2.
Aim: To evaluate the intermediate-term outcome &
complications of ECP, including cases where it was performed
as a primary glaucoma procedure combined with cataract
extraction.

Poster Session 1

Methods: A retrospective chart review included 44 eyes of 41
patients who had undergone ECP with & without cataract
surgery at a single tertiary care level institution with a minimal
follow-up period of one year.

P101
GLEEVEC DISRUPTS PODOSOME AND INVADOPODIALIKE STRUCTURES (PILS) AND REDUCES OUTFLOW
FACILITY

The Main outcome measures were IOP & number of
antiglaucoma medications, postoperative complications &
need for further glaucoma procedures.

M. Aga, J.M. Bradley, T.S. Acott, M.J. Kelley
Dept of Ophthalmology, Casey Eye Institute, Oregon Health &
Science University, Portland, OR, USA

Results: 44 eyes of 41 patients were included. 18 eyes
(40.9%) had CACG, 13 (19.5%) had POAG, 5 (11.4%) had
pseudoexfoliative glaucoma, 2 (4.5%) aphakic glaucoma,
2(4.5%) had NVG & the remaining 4 eyes (9.2%) had other
types of glaucomas. 32 eyes (72.7%) had no prior intraocular
surgery. 41 eyes (93.1%) underwent combined cataract
extraction with ECP. The mean follow-up was 29.9 (±10.67SD)
months.

Background and aims: Trabecular meshwork (TM) cells
exhibit PILS at which matrix metalloproteinase (MMP)-2 and 14 colocalize. PILS are specialized adhesion and degradation
structures serving as focal sites of extracellular matrix (ECM)
turnover. Studies were conducted to understand the
mechanism of MMP regulation at PILS.
Methods: Cultured porcine and human TM cells were studied,
with and without perturbation by mechanical stretching and
Imatinib mesylate (Gleevec, 10 µM). Cellular localization of
proteins was investigated by immunohistochemistry. Aqueous
humor outflow facility was determined in perfused human and
porcine anterior segments.

20 eyes (45.5%) had advanced glaucomatous optic nerve
damage. The mean preoperative IOP was 18.75 mmHg (±9.26
SD) compared with 15.72(±4.1SD) at the last follow-up
(P=0.76) & the number of preoperative antiglaucoma
medications was 2.9 (±0.98 SD) compared to 2.03 (±1.4 SD)
at last follow-up (P=0.001). Kaplan-Meier survival analysis
curve showed a probability of success of 95.5% at one year,
81.8% at two years & 59.1 % at three years.

Results: Cortactin, a PILS marker, colocalized with both
MMP-2 and MMP-14 at PILS in TM cells. Treatment with
Gleevec, an inhibitor of the Arg and Abl family of non-receptor
tyrosine kinases, disrupts the association of cortactin with
MMP-2 and MMP-14. Short-term Gleevec treatment (2 and 4
hrs) did not substantially affect PILS structure, while overnight
treatment profoundly altered morphology of PILS. An increase
in ring-like structures and more diffused and latticed PILS was
observed. Thickened and shortened actin stress fibers were
noted. Tubulin association with PILS was not altered, but
microtubules were thicker and appeared to encompass small,
circular structures. Both Arg and Abl were associated with
cortactin at PILS. The v7-splice variant of CD44, which links
ECM to the cytoskeleton, was associated with cortactin at
PILS. Gleevec treatment disrupted this association. A
decrease of approximately 50% in the outflow facility was
observed 24-48 after Gleevec treatment in both porcine and
human anterior segments.

The most frequent postoperative complications were: fibrinous
reaction in 7 eyes (15.9%), IOP spike > 30mmhg in 7 eyes
(15.9 %), serous choroidal detachment in one eye (2.3%) &
suprachoroidal hemorrhage ending in phthisis bulbi in one eye
with absolute neovascular glaucoma
(2.3%) . No further glaucoma surgery was performed in any
eye.
Conclusion: ECP seems to offer a good option to decrease
IOP & reduce the need for antiglaucoma medications in a
variety of glaucomas ,,even when performed in combination
with cataract extraction.
References:
1- Uram M . Endoscopic Cyclophotocoagulation in Glaucoma
Management . Current Opinion in Ophthalmology. 1995, 6; 11:
19-29

Conclusion: Gleevec, an inhibitor of Arg and Abl, disrupts
PILS organization and association with MMP-2 and MMP-14.
The time course for this effect is comparable to that for
decreased outflow facility, suggesting a causal relationship.

2- Lima F , Magacho L , Carvalho D , Susanna R , Avila M . A
Prospective, Comparative Study between Endoscopic
Cyclophotocoagulation & the Ahmed Drainage Implant in
Refractory

Support: NIH/NEI EY003279, EY008247, EY010572 and
Research To Prevent Blindness.

Glaucoma . J Glaucoma . 2004; 13: 233-237
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INTERMEDIATE-TERM OUTCOME OF ENDOSCOPIC
CYCLOPHOTOCOAGULATION ( ECP) IN GLAUCOMA
F. Al Mobarak1,2, J. Morales2, S. Al Odhaib2

164

P103

Purpose: Pulsatile phenomena in the eye can be used to
estimate ocular rigidity using the Freidenwald Equation. We
studied the heritability of the ocular IOP pulse amplitude (OPA)
and of the pulsatility of choroidal blood flowmetry
measurements, as well as the heritability of a direct measure
of corneal biomechanical properties, corneal hysteresis.

PHOSPHATASES ARE PRESENTED IN THE AQUEOUS
HUMOR OF CATARACT AND GLAUCOMA PATIENTS,
SUGGESTING NEW FUNCTIONS WITHIN THE DRAINAGE
SYSTEM
E. Beit-Yannai1, G. Lataria1, I. Epstein2, J. Pikkel2, M. Yulish2

Methods: Measurements were performed on 50 pairs of firstdegree relatives (29 parent-offspring and 21 sibling pairs).
OPA was determined with the Pascal Dynamic Contour
Tonometer. Choroidal blood velocity (VEL), volume (VOL) and
flow (FLO) were measured in the sub-foveolar choroid using
single-point laser Doppler flowmetry (Oculix). The pulsatility of
VEL, VOL and FLO was determined with automated software
using, for example, the formula (systolic VEL- diastolic VEL) /
systolic VEL. Corneal hysteresis was determined using the
Reichert Ocular Response Analyser (ORA). We calculated
familial correlation coefficients for each type of relative and
overall heritability estimates with the S.A.G.E. and SOLAR
software, respectively.
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Background and aim: Aqueous humor (AH), known for its
role in nutrition supply and waist products removal from the
ocular anterior segment, besides taking part in intraocular
pressure maintenance, was recently suggested to have
paracrine like activities transferring messages from different
parts of the anterior chamber. In our laboratory we were able
to show that several members of the Mitogen Activated Protein
Kinases (MAPK) are presented in the AH of rats and are
subjected to changes depending on the intraocular pressure.
We speculate that if active kinases are presented within the
AH a balanced activity of phosphatases should be presented.
Additionally, oxidative stress influences intracellular signaling
cascades such as MAPK and phosphatases. In the present
study the AH antioxidant capacity was measured parallel to
the phosphatases presence.

Results: CH showed significant parent-offspring and sibling
correlations (0.55 and 0.67, respectively, p< 0.01). OPA
showed high sibling correlation (0.56, p< 0.01) but no parentoffspring correlation even after age adjustment. However, the
sibling correlation was mainly driven by an extreme value. No
significant heritability could be detected for the pulsatility of
choroidal flowmetry measures. For comparison purposes,
parent-offspring and sibling correlations were 0.56 and 0.21,
respectively for IOP as measured with the Pascal and 0.46
and 0.38 for IOPg measured with the ORA. Heritability
estimates will be performed.

The aim of the present study was to verify whether
phosphatases are presented in the AH of cataract and
glaucoma patient undergoing ophthalmic surgery and is there
a relation to the AH antioxidant capacity.

Conclusion: As shown previously, corneal hysteresis and IOP
measurements are heritable. We found some heritability of
OPA, but a larger sample size might be required to confirm
this. Pulsatile choroidal flowmetry measurements were not
significantly heritable in this sample.

Methods: AH samples were taken from 50 patients suffering
from either glaucoma or cataract. Medical backgrounds were
recorded. The AH samples were tested for different
phosphatases presence and activity. Aqueous humor analysis
of total antioxidant capabilities and glutathione content were
evaluated.
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Results: Two Serine/Threonine phosphatases, PP2A and
PP2C and Tyrosine phosphatase were detected in the AH of
cataract and glaucoma patients. The Serine/Threonine
phosphatases levels and the Tyrosine phosphatases were
higher in the glaucoma group vs. the cataract group. There
was no effect of the patient age, sex and medical maladies
background such as elevated blood pressure and type II
diabetes.

CATARACT EXTRACTION WITH TRABECULECTOMY
THROUGH A W-SHAPED INCISION WITH PCIOL IN-THEBAG IN A PATIENT OF PRIMARY OPEN ANGLE
GLAUCAMA(POAG)
M. Rathi1, C.S. Dhull2, S. Sachdeva3
1
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The antioxidant capacity of AH samples from glaucoma
patients, were lower vs. the AH samples from cataract patients
as measured by the Oxygen Radicals Absorbance capacity
method.

2

Purpose: In patients who require cataract and glaucoma
surgery with an intraocular lens implantation, we have
successfully used this simple and cost effective surgery to
prevent blindness, and to provide a good visual outcome. In
this case, it was used for a patient with POAG with a combined
surgery.

Conclusions: To our best knowledge this is the first report
about the presence of phosphatases within the aqueous
humor. Our data suggest a different activity of the tesed
phosphatases within the aqueous humor. Further research is
needed to identify the phosphatases source and targets.

Methods: A 41 year old lady presented with diminution of
vision & posterior polar cataract with POAG of 5 years
duration, controlled with topical medication in the left eye. The
left eye was operated using the W-shaped scleral incision
through which a corneoscleral tunnel was made using a
crescent knife. Anterior chamber was entered using a 3.0 mm
keratome. The tunnel was completed. CCC was done after
staining the anterior capsule with trypan blue. Hydrodissection
was done & nucleus was prolapsed in the anterior chamber &
delivered by an irrigating wire-vectis. Irrigation-aspiration of
cortical matter was done. A PCIOL was inserted in-the-bag &
dialled into position. The pupil was miosed with intracameral
pilacarpine, methylcellulose was injected in the anterior
chamber. Trabeculectomy was done using a Kellys
Descemets membrane punch and a peripheral iridectomy was
done.Air was injected in AC & a single 10-0 PAM suture was
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HERITABILITY OF PULSATILE OCULAR
MEASUREMENTS, IOP AND CHOROIDAL BLOOD FLOW,
AND OF CORNEAL HYSTERESIS
D. Descovich1, M.-H. Roy-Gagnon2, H. Massé3, M. Lesk4
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applied at 12 0'clock. The conjunctival flap was reposited and
sealed using wet field cautery.

Conclusions: Our data would confirm the link between
vascular systemic endothelial dysfunction and OHT/POAG.
We furthermore found that MA, a marker of extensive
endothelial dysfunction, is statistically higher in POAG patients
if compared to controls.

Results: The patient was not given any postoperative
glaucoma medication the intraocular pressure was 8 after 3
days. The vision after 1 week postoperatively was 6/6, IOP
was 10mmHg. This was stable at 1 year follow-up. There were
no intra/post operative complications.
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Conclusion: This procedure can be used for good
postoperative results, provided the patient presents to the
ophthalmologist in time. The quality of the patient's life
improved as she did not have to use any topical anti-glaucoma
drugs.T he instruments used are affordable for the poorest of
the poor, no special equipment or machinery is required for the
surgery.

Y27632 PERFUSION EXHIBITED NO ADDITIVE EFFECTS
ON INCREASING OUTFLOW FACILITY AFTER WASHOUT
INDUCED IN BOVINE EYES
H. Gong1, Y. Liu1, T. Freddo2, J. Zhu1,3
1

Ophthalmology, Boston University School of Medicine,
Boston, MA, USA, 2University of Waterloo School of
Optometry, Waterloo, ON, Canada, 3Ophthalmology, Huadong
Hospital of Fudan University, Shanghai, China

**Video of the surgery will be shown.
Financial disclosure--None

Aims: Our previous studies suggest that Y27632, a rho-kinase
inhibitor, and the washout effect may act through similar
mechanisms that increase outflow facility by inducing
separation between the inner wall (IW) and juxtacanalicular
tissue (JCT). The current study is to investigate whether
Y27632 can further increase outflow facility after the IW/JCT
separation has been induced during washout in bovine eyes.
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MICROALBUMINURIA, A MARKER OF EXTENSIVE
ENDOTHELIAL DYSFUNCTION, AND PRIMARY OPENANGLE GLAUCOMA
M.T. Dorigo1, O. Kotsafti1, A. Castegnaro1, G.P. Fadini2

Methods: Eight pairs of bovine eyes were used. All eyes were
perfused with phosphate buffer containing 5.5 mM glucose
(GPBS) for 30 min at 15mmHg to reach a stable baseline
facility and then perfused for an additional 3 hours to induce
washout. One eye of each pair was exchanged with 50µM
Y27632 (7 ml) and perfused for an additional hour, while the
other eye received GPBS as a control. A fixed volume of
fluorescent microspheres (500 nm, 0.002% v/v) was
exchanged (7ml) and perfused (0.5 ml) to label the
hydrodynamic outflow patterns. Eyes were then perfusionfixed. Frontal sections in all quadrants were examined by
confocal microscopy along the inner wall (IW) of the aqueous
plexus. The total length (TL) and the tracer-decorated length
(L) of the IW were measured in at least 32 confocal images
per eye, and the average percent effective filtration length
(PEFL=L/TL) was calculated.
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of Padova, Padova, Italy
Background and purpose: Because of the association
between ocular hypertension (OHT), primary open glaucoma
(POAG) and endothelial dysfunction we purposed to
investigate:
1) hematochemistry such as homocysteine (Hcy), fibrinogen,
PCR-HS and creatinine,
2) urinary, microalbuminuria (MA),
3) flow-mediated dilatation (FMD) of the brachial artery,

Results: All eyes displayed a significant increase in outflow
facility after 3-hours of perfusion compared to baseline (P<
0.001). No further increase in the outflow facility was observed
in the Y27632 treated eyes compared to the control eyes
(p=0.622). All eyes exhibited a similar distribution of tracer in
the trabecular meshwork, a more uniform tracer distribution
near the collector channel ostia. Analysis of tracer patterns
along the inner wall showed no significant difference in PEFL
between Y27632 treated and control eyes (p=0.12).

4) circulating endothelial progenitor cells (EPCs).
Methods: BMI, blood pressure, waist circumference, family
history of cardiovascular events blood and urinary exames,
complete ophthalmologic examination, endothelium-dependent
FMD of the brachial artery, and endothelial progenitor cells
(EPCs) count through flow cytometry were investigated in 23
OHT, in 23 POAG patients and in 23 case-controls.
Results: MA (defined as a urinary albumin-creatinine ratio)
was higher in POAG (16 +/- 3 mg/gr) and in OHT (12 +/- 5.6
mg/gr) patients than in controls (8.2 +/- 1.5 mg/gr). MA differed
significantly (p = 0.0039), between POAG patients and
controls; no significant difference was found between OHT and
POAG patients and between OHT patients and controls. Hcy
differed (p= 0.04) in POAG (15+/-4.5 micromol/L) and in OHT
(14.9+/-3.5 micromol/L) patients if compared to controls (11 +/2.6 micromol/L). No statistically significant difference was
found in the three groups with regard to fibrinogen, PCR-HS
and cardiovascular profile. FMD values differed significantly in
OHT (4.5 +/- 1.1%; p = 0.021) and POAG (4.0+/- 0.9%; p =
0.003) patients if compared to controls (7.7 +/- 0.8%). The
CD34(+) KDR(+) EPCs count was markedly lower in OHT
(28.0 +/- 5.0; p < 0.001) and POAG (24.3 +/- 3.4; p < 0.001)
patients if compared to controls (73.1 +/- 8.1). FMD and EPCs
had no statistically difference comparing OHT to POAG
patients. Impaired FMD, decreased levels of EPCs and
elevated levels of MA are indicators of vascular systemic
endothelial dysfunction.

Conclusions: Y27632 does not further increase outflow
facility and PEFL after washout has been induced by long-term
perfusion. Our data suggest that both Y27632 and washout
increased outflow facility by targeting the same site- the
connectivity between the inner wall and JCT in bovine eyes.
Separation between the IW and JCT resulted in redistributing
aqueous outflow through a larger area of the IW and JCT.
Inducing washout in human eyes may represent a viable
strategy for glaucoma treatment.
Supported by AHAF G2009-018 and The Massachusetts Lions
Eye Research Fund
P108
REGULATION OF THE SENESCENCE ASSOCIATED
SECRETORY PHENOTYPE BY MICRORNAS IN
TRABECULAR MESHWORK CELLS
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P. Gonzalez, G. Li, C. Luna, J. Qiu, D.L. Epstein

were
ST2(Superior
Temporal),SN2(Superior
Nasal),IT2(Inferior
Temporal),IN2(Inferior
Nasal),TU2(Temporal
Upper),TL2
(Temporal
Lower),
NU2(Nasal Upper),NL2(Nasal Lower).The GCC(ganglion cell
complex) protocol was also measured on patients with the
central 5-10 degrees of visual field.

Ophthalmology, Duke University, Durham, NC, USA
Senescent cells develop a characteristic senescenceassociated secretory phenotype (SASP), which increases the
secretion of cytokines and other factors that can alter the
behavior of neighboring cells and exert deleterious effects on
the tissue microenvironment. We have previously reported that
both stress induced and replicative senescence of human
trabecular meshwork (HTM) cells were associated with
significant changes in expression of multiple microRNAs that
might contribute to modulate SASP. To further understand the
role of miRNAs on the regulation of SASP, we used Affymetrix
gene arrays to analyze changes in gene expression induced
by three miRNAs down-regulated in senescent HTM cells:
miR-146b, miR-155, and miR-204. MiR-146b exerted similar
effects in gene expression in HTM cells as those previously
reported for miR-146a. MiR-155 down-regulated its validated
targets IKBE and CEBPD, which are known to be involved in
activation of the inflammatory response, as well as two
potential new targets: CARD10/CARMA3, a key component in
the signal transduction pathways that leads to the activation of
NfkappaB and inflammatory signaling in non-immune cells,
and CLCN3 a chloride channel that contributes to the
generation of reactive oxygen species (ROS) by the
mitochondria and NADPH oxidases. MiR-204 down-regulated
several potential new targets associated with the endoplasmic
reticulum
(ER)-stress
response
including
EDEM1,
SERP1/RAMP4, M6PR, AP1S2, cIAP1/BIRC2. Downregulation of these genes was confirmed by real time
quantitative PCR and targeting of their 3' untranslated regions
by miR-204 was confirmed using the Psicheck luciferase
system. The mechanisms activated by the ER-stress response
to prevent apoptosis include the activation of NfkappaB, which
is associated with ROS production and activation of the
inflammatory response. Consistent with this concept, the
repression of components of the ER-stress response by miR204 was associated with a significant decrease in expression
of the inflammatory mediators IL-1beta, IL8, IL11, CXCL3, and
CXCL6 that have been reported as important components of
SASP in several cell types.

Results: 20 normal subjects,16 patients with central 5-10
degrees of visual field and 16 with temporal peripheral field
were enrolled into the study. The measurements of all 32
patients' retinal nerve fiber layer remnants are: (61.30 ± 7.67)
µm on average, (80.02 ± 11.91) µm on the bottom, (44.54 ±
9.44) µm on the nasal side, (42.60 ± 9.68 µm) on the temporal
side. The average thickness of GCC for the central tubular
group was (66.80 ± 6.01) µm.The differences of RNFL and
GCC thickness between normal and patients were significant
(P< 0.05). The average results of remaining retinal nerve fiber
layer measurements of the two groups of patients are：(60.99
± 8.20) um for the central tubular group and (61.52 ± 7.54) um
for the temporal peripheral field group, which has no
statistically significant difference (P> 0.05). Independent
analysis of the RNFL thickness value in four quadrants and 16
segments found that: the RNFL in the temporal quadrant, TU1,
TU2 and TL2 of the center tubular patients are thicker than
those of the temporal peripheral patients. The RNFL in the
nasal quadrant, SN2, NU2, NU1 and NL1 of the temporal
peripheral patients are thicker than those of the Center tubular
patients. There is a statistical significance in these cases (P <
0.05).
Conclusions: In eyes with advanced glaucoma,very thin but
existing retinal nerve fiber layer is found on fdOCT. Such
values rarely dropped below 20 to 30 µm, and the correlation
between structure and function was positive.
P110
EFFECTS OF TIMOLOL AND LATANOPROST ON HUMAN
CARBONIC ANHYDRASE I AND II
H. Ikeda1, A. Sugimoto2, H. Tsukamoto3, K. Kihira2, M.
Ishioka4, J. Hirose4, T. Hata4, H. Fujioka4, Y. Ono4

Overall our results suggest that down-regulation of miR-146b,
miR-155 and miR-204 may contribute to the activation of
NfkappaB, increased production of ROS and expression of
multiple components of SASP by which senescent HTM cells
may exert pathogenic effects in the surrounding tissue.
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Background: Beta-blockers, prostaglandin-related agents and
carbonic anhydrase (CA) inhibitors are popular anti-glaucoma
agents. The pharmacological mechanisms of these agents are
well known. In the treatment of glaucoma, CA inhibitors are
often used as adjunctive therapy to other anti-glaucoma
agents as timolol and latanoprost. CA inhibitors reduce
intraocular pressure (IOP) by inhibiting CA. But the effects of
beta-blockers and prostaglandin-related agents on CA activity
are unclear.

P109
CORRELATING STRUCTURE OF RETINAL NERVE FIBER
LAYER WITH FUNCTION IN CHINESE PATIENTS WITH
ADVANCED GLAUCOMA
H. Huang, X. Sun

Aims: To investigate the effects and action mechanisms of
timolol (beta-blocker) and latanoprost (prostaglandin-related
agent) on CA in vitro.

Department of Ophthalmology, Eye & ENT Hospital, Fudan
University, Shanghai, China
Purpose: To correlate structure of retinal nerve fiber layer with
function in Chinese patients with advanced glaucoma.

Methods: The effects and mechanisms of timolol
hemihydrates and latanoprost free acid on the CO2 hydration
activities of human CA (HCA) I and II were investigated by
enzyme-kinetic studies and an AutoDocking-simulation
method in vitro

Methods: A cross-sectional observational study.All patients
underwent complete ophthalmic evaluation,including VF
examination and imaging with fourier-domain optical
coherence
tomography(fdOCT).Three
groups
of
patients(patients with the central 5-10 degrees of visual
field,patients with the temporal peripheral field and normal)
who satisfied the inclusion and exclusion criteria were
included. Average RNFL thickness and RNFL thickness in four
quadrants and in 16 sections were measured using fourierdomain optical coherence tomography(fdOCT). 16sections

Results: In HCA I and II, the enzyme kinetic results clearly
showed that timolol increases the value of Vmax but does not
influence the value of Km. Timolol noncompetitively activates
HCA I and II activities through the formation of a ternary
complex consisting of the enzyme, the substrate and timolol.
On the other hand, latanoprost free acid noncompetitively
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inhibited the hydration activity of HCA I or II. The inhibition
constants of latanoprost free acid for HCA I and II were 0.22
and 2.3 mM, respectively. The noncompetitive inhibition
mechanism of latanoprost free acid is very similar to that of
simple anions. AutoDocking results clearly showed that timolol
binds near the proton shuttle residue, His 64, to accelerate the
proton transfer rate from His 64 to the buffer components, and
that the carboxylic moiety of latanoprost free acid located at
the end of the molecule binds to the zinc ion of the active site
according to the stretching of the chain of latanoprost free acid
through the narrow and deep active site cavity of HCA I or II.

School of Pharmaceutical Science, Kinki University, Osaka,
Department of Ophthalmology, Hyogo College of Medicine,
Hyogo, Japan
2

Background and aims: The major risk factor for glaucoma is
damage of the optic nerve via enhanced intraocular pressure
(IOP). Recently, our group found that pyroglutamic acid (PGA)
promotes the survival of axotomized retinal ganglion cells in
adult mammals, possibly mediaterd by the excitatory amino
acid transfer (Oono et al., Curr. Eye Res. 34, 598-605, 2009).
In the present study, weinvestigated whether it was possible
for PGA to become an effective agent in decreasing IOP.

Conclusions: Timolol activated the enzyme activities of HCA I
and II while latanoprost inhibited them.

Methods: Male Japanese albino rebbits, 2.5-3.0 kg, were
used in this study. The enhancement of IOP in rabbits was
obtained by maintaining in a darkroom for 5 h (12:00-17:00),
and the IOP in rabbits was measured with an electronic
tonometer (Medtronic SOLAN, Florida, USA). The in vitro
transcorneal penetration of PGA was examined using the
metod of Iwata et al. (YAKUGAKU ZASSHI 100, 402-406,
1980). The concentration of PGA was measured by the HPLC
method.

P111
RISK FACTORS FOR PRIMARY OPEN-ANGLE
GLAUCOMA IN JAPANESE SUBJECTS ATTENDING
COMMUNITY HEALTH SCREENINGS
M. Ishikawa, Y. Sawada, N. Sato, T. Yoshitomi

Results: In the in vitro transcorneal penetration study, the
0.5% PGA solution did not penetrate the rabbit cornea. On the
other hand, the penetration of PGA was improved by the
addition of zinc chloride and 2-hydroxypropyl-β-cyclodextrin
(HPCD). Therefore, the 0.5% PGA solution containing 0.5%
zinc chloride and 10% HPCD (0.5% PGA/HPCD eye drops)
was used to investigate the effect on IOP in this study. The
IOP in rabbits instilled with 0.5% PGA/HPCD eye drops was
lower than that in rabbits instilled with the vehicle. The IOPreducing effect in rabbits instilled with 0.5% PGA/HPCD eye
drops showed a peak at 50 min, and the reduced IOP was
continued until 120 min after instillation of the eye drops. In
addition, the IOP-reducing effect of 0.5% PGA/HPCD eye
drops was significantly higher than that of commercially
available 0.5% timolol eye drops.

Ophthalmology, Akita Graduate University School of Medicine,
Akita, Japan
Background and aims: Glaucoma is the leading cause of
blindness. The Tajimi study (Japanese population-based
glaucoma survey) estimated that the prevalence of primary
open-angle glaucoma (POAG) in Japanese subjects older than
40 years was high (3.9%), of which 93.3% were previously
undiagnosed. To develop preventive measures, it is very
important to determine what other the risk factors for POAG
also exist. The aims of the present study is to examine the
prevalence and risk factors associated with POAG based on a
Japanese population participated in the community health
screening.
Methods: In 2007, glaucoma screening was conducted in
conjunction with the existing community health checkup
project in the city of Akita. A total of 710 Akita residents
consented to participate in the study. Each participant
underwent a comprehensive examination that included an
ophthalmic examination. A diagnosis of glaucoma was made
based on optic disc appearance, perimetric results, and other
ocular findings. Logistic regression analysis was performed to
determine risk factors for POAG patients.

Conclusions: The present study demonstrates that the
instillation of PGA attenuates the enhanced IOP in rabbits in a
dark room. PGA is thus an effective agent on both reducing
enhanced IOP and the prevention of retina and optic nerve
damage.

Results: Of the 710 eligible subjects examined, 29 had
POAG. The estimated prevalence of POAG in the present
subjects was 3.9% (95% confidence interval [CI], 2.8 - 5.5%).
After adjusting for age, the prevalence of POAG was similar to
the results of Japanese population-based study (the Tajimi
study). Multivarate logistic regression analysis demonstrated
that older age (60 years ≤) (odds ratio [OR], 3.90, 95% CI 1.24
- 12.27), lower DBP (≤ 58 mmHg) (OR 2.11, 95% CI 1.69 6.67), higher IOP (19 mmHg ≤) (OR 11.25, 95% CI 2.61 15.59), and lower OPP (≤ 34 mmHg) (OR 5.78, 95% CI 1.21 7.92) were associated with an increased risk of having POAG.

ROLE OF HRT II IN PREVENTING MISDIAGNOSIS OF
GLAUCOMA

P113

S. Kataria1,2, S. Moreker3
1

New England College of Optometry, Boston, MA, USA, 2Ex
Optometrist-Department of Ophthalmology, 3Ophthalmology,
P.D Hinduja National Hospital, Mumbai, India
Background: The diagnosis of glaucoma is based on the
intraocular pressure and the disc appearance.Ever since
normal tension glaucoma has been recognised as an entity the
disc changes have become important in the diagnosis of
glaucoma.But this may lead to an overdiagnosis of glaucoma
as disc changes are subtle and can even occur in neurological
conditions which may mimic glaucoma.

Conclusions: Our findings suggest that the prevalence of
POAG is relatively higher in Japanese. Logistic regression
analysis demonstrates that lower DBP and lower OPP
contribute to risk in addition to the established risk factors (age
and IOP). These findings indicate a multifactorial etiology of
POAG, and may be relevant for identifying groups at high risk.

Methods: We conducted an audit to find out the role of
Heidelberg retinal tomography (HRT II) in previously
diagnosed glaucoma suspect patients. 426 eyes of 213
patients previously diagnosed as glaucoma suspects were
examined on HRT II.These patients were followed up for a
mean 3.3 yrs with S.D of 1.2 yrs.Based on their HRT II
features they were further examined on MRI.
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INSTILLATION OF PYROGLUTAMIC ACID REDUCES THE
ENHANCED OF INTRAOCULAR PRESSURE IN RABBIT
1

1

1

Y. Ito , N. Nagai , T. Murao , N. Okamoto

Results: 160 eyes of 80 patients were found to be non
glaucomatous and were found to be harbouring other
neurologic conditions.They showed clear hemi defects of

2
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nerve on HRT or progression in non arcuate areas.Many of
them did not have a field defect on the initial field charting on
white on white perimetry on Humphrey perimeter but
developed specific defects later in the areas flagged of by HRT
II.On MRI they were found to have varied presentations from
tuberculous cerebral granulations to slow growing pituatory
tumours.

predictive marker in PCG cases harboring CYP1B1 mutations.
Genotype-phenotype correlation indicated, in addition to a
significant effect of coding mutations, an independent effect of
genotype at the promoter locus, and the interaction effect of
genotypes at the promoter and coding region loci on the
presenting IOP.

Conclusions: HRT II may be an important adjunct in
differentiating glaucoma from neurological diseases causing
disc changes in patients with normal intra ocular
pressures.Patients labelled as suspected normal tension
glaucoma may be harbouring neurologic conditions which may
be diagnosed earlier by HRT II.

P115
PGE2-GLYCERYL ESTER, SERINOLAMIDE AND
DIHYDROXYPROPYLAMIDE ARE PHARMACOLOGICALLY
NOVEL OCULAR HYPOTENSIVES
A.B. Kharlamb, D.F. Woodward, J.W. Wang
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PHENOTYPIC EFFECTS OF A CYP1B1 PROMOTER
VARIANT IN PRIMARY CONGENITAL GLAUCOMA

Background: PGE2-2-glyceryl ester (PGE2-2-G) is a COX-2
product of the endocannabinoid 2-arachidonyl glycerol. It is
claimed as pharmacologically novel but this is complicated by
rapid and irreversible isomerization to the 1- glyceryl ester.

I. Kaur1, K. Kaur1, A. Mandal2, R. Parikh2,3, R. Thomas2,4, P.
Majumder5, S. Chakrabarti1

For ocular studies, enzymatic hydrolysis of the ester moiety
creates an additional complication.
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PGE-glyceryl esters were stabilized to isomerization and
hydrolysis by replacing the non-carbonyl O with NH, to form
the serinolamide and dihydroxypropylamide as stable analogs
of PGE2-2 and -1-glyceryl ester, respectively.

Background: Primary congenital glaucoma (PCG) is a
childhood autosomal recessive disorder caused by
developmental defects in the trabecular meshwork (TM) and
anterior chamber angle. Mutations in CYP1B1 gene are
associated with PCG worldwide. We screened the CYP1B1
promoter region by resequencing in a large cohort (n=835),
that included patients with PCG (n=301), other primary
glaucomas (n=215) and unaffected controls (n=319). We
functionally characterized the associated variant (T2805C) by
luciferase assay using the TM cell line and observed a 90%
reduction in CYP1B1 promoter activity for the risk allele. We
also observed that the association of the risk allele was
stronger in cases harboring homozygous CYP1B1 mutations
(p=3.42x10-12). We now aimed to establish if the phenotypic
effects of this promoter variant was independent of the coding
mutations in CYP1B1.

Methods:
Pharmacological
studies
involved
stable
transfectants for each of the human recombinant prostanoid
receptors and the isolated feline iris for prostamide activity.
Intraocular pressure (IOP) was measured in conscious dogs.
Results: PGE2-serinolamide and dihydroxypropylamide were
essentially inactive at all receptors except the EP 3 receptor
(E.C.50 ~ 500nM). This obliged elucidation of EP3 receptors
involvement in the intraocular pressure (IOP) response to
these PGE2-glyceryl ester analogs. IOP was measured in
dogs.
PGE2-glyceryl ester (0.1%) profoundly lowered IOP. PGE2serinolamide decreased IOP dose-dependently (0.01%-0.1%)
[PGF2alpha-serinolamide was inactive].
PGE2-dixydroxypropylamide was also potent and efficacious
ocular hypotensive.

Methods: We considered the presenting intraocular pressure
(IOP) of the worse affected eye as a quantitative phenotype,
and assessed if the promoter variant and the coding mutations
in CYP1B1 had independent and/or interacting effects on IOP.
We modeled IOP as the dependent variable, with genotypes at
the promoter variant and coding mutations as independent
effects and with promoter x coding variants as an interaction
effect, and performed an analysis of variance (ANOVA).
Additionally, Kaplan-Meier survival analysis was done to
understand the prognosis with respect to IOP following a one
year post-surgical follow up between PCG cases with and
without CYP1B1 mutations.

The IOP effects of PGE2-serinolamide were not blocked by
the EP3 antagonist
L-826266 or mimicked by the selective EP3 agonist ONO-AE248.
Conclusion: Stable PGE2-glyceryl ester analogs lowered IOP.
This effect was not blocked by EP3 antagonism or reproduced
by an EP3 agonist. This study provides evidence for a PGE2glyceryl ester specific receptor in the eye.

Results: Genotype-phenotype correlation based on the linear
(ANOVA) model with fixed and interaction effects showed, as
expected, that the effect of coding mutation genotype on
presenting IOP, was significant (p=0.022). In addition, also
significant on IOP were (i) the independent effects of genotype
at the promoter variant locus (p=0.001), and (ii) the interaction
effect of genotypes at these loci (p=0.001). These results were
similar when the IOP was analyzed separately for each eye.
Consistent with these results, the IOP control in PCG patients
with CYP1B1 mutations was poorer compared to patients who
did not harbor any mutations, as evident from the one year
post surgery Kaplan-Meier survival analysis
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A COMBINATION TREATMENT WITH INO-8875, AN
ADENOSINE A1 RECEPTOR AGONIST, IN CONSCIOUS
MONKEYS WITH NORMOTENSIVE EYES
N. Kim1, T. Lam2, B. Christian2, C. Busse2, R. Baumgartner1,
T. McCauley1, W. McVicar1
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Background and aims: INO-8875, a highly selective
adenosine A1 receptor agonist, is currently under development

Conclusions: These results indicate that the CYP1B1
promoter variant can be used as an important diagnostic and
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for treatment of primary open-angle glaucoma and ocular
hypertension. Previous in vitro and in vivo experiments have
demonstrated that INO-8875 lowers intraocular pressure (IOP)
by increasing conventional outflow via the trabecular
meshwork. In the current study, the additivity of IOP reduction
with INO-8875 in combination with marketed IOP-lowering
drugs (prostaglandin F agonist, carbonic anhydrase inhibitor
and beta-blocker) was evaluated in conscious monkeys with
normotensive eyes.

show additive effects on the induction of apoptosis induced by
H2O2. Our results suggest that down regulation of miR-27b
after acute oxidative stress could be a protective mechanism
to increase viability and reduce apoptosis that is partially
mediated through FOXO1 and PPARG.

Methods: Conscious, restrained cynomolgus monkeys with
normotensive eyes were acclimated to the dosing and IOP
measurement procedures. Latanoprost (1.5 mcg), dorzolamide
(1000 mcg) and timolol (200 mcg) were evaluated either alone
or in combination with INO-8875 (100 mcg) in monkeys. Each
drug was delivered topically at dose volumes ranging from 25
to 40 µL. IOP was measured using a calibrated
pneumatonometer.
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DECREASING GLIOSIS BY INHIBITION OF THE STAT3
PATHWAY IN A MOUSE MODEL OF GLAUCOMA
C. Lupien1, D.J. Calkins2, P.J. Horner1
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Results: Mean IOP levels in non-treated or vehicle-treated
eyes ranged 21-23 mmHg in monkeys. After a single topical
dose of INO-8875 at 100 mcg, IOP was reduced to a nadir of
approximately -16% from the pre-dose baseline IOP level. A
single topical dose of latanoprost, dorzolamide or timolol alone
reduced IOP to the nadir levels of approximately -13, -7 and 5%, respectively, from pre-dose baseline levels. Following
ocular administration of INO-8875 in combination with
latanoprost, dorzolamide or timolol, IOP levels were reduced
to -24, -26 and -19%, respectively, from pre-dose baseline
levels. All treatments were well-tolerated.

Background and aims: Glaucoma, the second leading cause
of blindness worldwide, is actually a family of ocular diseases
with a common endpoint, the progressive loss of vision.
Despite intense study, the mechanism of neurodegeneration in
glaucoma is not understood. Coincident with neuronal
degeneration, gliosis, occurs in glaucoma. There are
numerous signaling pathways involved in gliosis development.
Retinal gliosis is potentially trigged by several cytokines known
to be upregulated in glaucoma, such as the IL-6 family, which
are activators of STAT3 pathway. Also, recent observations
strongly implicate a link between activation of STAT3 and
gliosis, as defined by enhanced expression of GFAP. As of
yet, the positive or negative impact of gliosis on the
progression of glaucoma has not been studied. The goal of
this study is to specifically inhibit the STAT3 pathway in retinal
glial cells to temper gliosis and determine the role of this
pathway in disease.

Conclusions: In conscious ocular normotensive monkeys,
INO-8875 (a novel trabecular meshwork enhancer) in
combination with three distinct classes of marketed drugs
(prostaglandin, carbonic anhydrase inhibitor and beta-blocker)
reduces IOP to a greater extent than an individual drug alone.

Methods: To perform this study, we used the DBA/2J mouse
(D2), a chronic inherited model of glaucoma as well as an
acute ocular hypertension model on transgenic mice that lack
STAT3 in GFAP-expressing cells (GFAP-STAT3-CKO). To
clarify the relative contribution of astrocytes and Müller cells,
we have isolated retinal layers by laser capture. To perform
qPCR analysis, different sets of primers were designed for
STAT3 partners. Immunohistochemistry and Western blot
analysis were performed with gliosis markers as well as retinal
ganglion cell (RGC) counts and functional status of their axons
was analyzed.
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DOWN-REGULATION OF MIR-27B PROTECTS HUMAN
TRABECULAR MESHWORK CELLS AGAINST APOPTOSIS
INDUCED BY OXIDATIVE STRESS
C. Luna, G. Li, J. Qiu, D.L. Epstein, P. Gonzalez
Ophthalmology, Duke University, Durham, NC, USA
Reactive oxygen species (ROS) resulting from exposure to
H2O2 are well known to induce changes in gene expression
that affect important cellular functions. It has also been
reported that ROS might affect post-transcriptional regulation
mediated by specific miRNAs. Here we investigated the effects
of acute oxidative stress on miR-27b expression in human
trabecular meshwork (HTM) and human dermal fibroblast
(HDF) cells. Expression of miR-27b in HTM and HDF after
H2O2 treatment was analyzed by Q-PCR, and the effects on
viability and apoptosis were evaluated in cells transfected with
miR-27b mimic or miR-27b antagomir compared to a
scrambled control. Targeting of miR-27b to the 3'UTR of
FOXO1 was analyzed using the Psicheck luciferase system,
and the effects of miR-27b on FOXO1 and PPARG protein
expression was evaluated by western blot. Evaluation of the
effects mediated by specific inhibition of FOXO1 and PPARG
was conducted using siRNA. A sub-lethal dose of H2O2
resulted in a decrease of miR-27b expression (-1.94 and -1.52
fold after 6 hours in HTM and HDF cells, respectively).
Inhibition of miR-27b, using a specific antagomir, protected
HTM and HDF cells against cytotoxicity and apoptosis induced
by oxidative stress. The protection from apoptosis induced by
the inhibition of miR-27b was partially mediated by FOXO1, a
new confirmed target of miR-27b. Down-regulation of FOXO1
partially abolished the protective effects induced by miR-27b
antagomir. Although specific inhibition of the known target of
miR-27b PPARG did not alter the effects of miR-27b
antagomir, down-regulation of both FOXO1 and PPARG did

Results: STAT3 pathway is active in both retinal glial cells in
D2 starting at the early stage of the glaucoma. The qPCR
results demonstrated that STAT3 mRNA maximum expression
was at 3 months and that STAT3 protein expression increases
with age as well as GFAP expression. However with
transgenic mice, we observed by qPCR analysis an important
decrease of GFAP expression in both the retina and optic
nerve. The expression of other gliosis markers such as
reactive proteoglycans and STAT3 activators were also
reduced. Importantly, an analysis of retrograde labelling
revealed an increase in the sparing of RGCs in the transgenic
mice.
Conclusions: These results demonstrate that gliosis is
detrimental for RGCs during the initial course of glaucoma.
Hence, inhibition of the STAT3 pathway in GFAP-expressing
glial cells of the retina is a potentially targetable pathway for
neuroprotection of RGCs. However further studies in more
chronic models are necessary to fully address the importance
of gliosis in RGCs degeneration.
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linked to the membrane via a GPI anchor. In vitro examination
performed in COS7 cells revealed that after cleavage N- and
C-RGMa remain connected due to a stable disulfide bond.
Surprisingly, the in vivo situation appears to be different with
the presence of 7 different RGMa peptides. Our data suggest
that at least 2 of these peptides are involved in retinal ganglion
cell outgrowth. In vitro N-RGMa as well as full length RGMa
inhibit retinal axon outgrowth. In vivo, ectopic expression of NRGMa results in numerous pathfinding mistakes, all of which
indicate that several RGMa proteins contribute to the inhibitor
environment that restricts RGC regeneration.

EFFECT OF MESENCHYMAL STROMAL CELLS ON
INTRAOCULAR PRESSURE IN CASES OF INDUCED
GLAUCOMA
R. Manuguerra-Gagné, A. Amar, P. Boulos, G. Krosl, D.-C.
Roy, M. Lesk
Maisonneuve-Rosemont Research Center and University of
Montreal, Montreal, QC, Canada
Background and aims: Elevated IOP in open angle
glaucoma is often related to a dysfunction of the trabecular
meshwork of the anterior chamber angle. Recent studies with
bone marrow multipotent meshenchymal stromal cells (MSC)
have shown their ability to restore damaged tissues and
organs. In this study, we verified the ability of MSCs to
differentiate into trabecular meshwork cells in vitro and in vivo,
and assessed their ability to lower IOP in a rat glaucoma
model.

These results shed a new light into RGMa active domains and
reveal that RGMa is processed into several peptides that exert
inhibitory activities on growing retinal fibers.
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EFFICACY AND SAFETY OF DEEP SCLERECTOMY IN
CHILDHOODL GLAUCOMA

Methods: MSCs obtained from C57Bl/6 mouse bone marrow
were co-cultured with rat trabecular meshwork cells. MSCs
were also injected into the anterior chamber of rat eyes
harbouring experimental glaucoma caused by laser
photocoagulation to the trabecular meshwork. The
differentiation, homing and repair potential of these cells and
their ability to restore baseline IOP was assessed using
immunohistochemistry and tonometry over 6 weeks.

E. Osman
Ophthalmology, King Saud University, Riyadh, Saudi Arabia
68 eyes of chilhood glaucoma under went deep sclerectomy
surgery.
Sixty- eight eyes of fifty seven patients with childhood
glaucoma underwent deep sclerectomy with mitomycin C and
implant. Twenty -six eyes were excluded because of
macroperforation and were converted to trabeculectomy.
Complete success was defined as achieving intraocular
pressure (IOP) ≤ 21 mmHg without medications under
sedation with chloral hydrate.

Results: After 7 days in vitro, the MSC derived mouse cells
were found to express or maintain trabecular cell markers,
such as Aquaporin-1, Pax-6, Laminin and Fibronectin. In vivo,
MSCs migrated specifically in the trabecular meshwork areas
of rats treated with photocoagulation (N=15). The MSCs found
in the damaged trabeculum expressed trabecular cell markers
(aquaporine-1
and
pax-6)
as
detected
by
immunofluorescence. Moreover, return to baseline IOP
occurred by day 5 for rats who received MSC graft (1X106
cells) in the anterior chamber. In contrast, IOP normalization
occurred only by day 40 in the control rats (N=10 p< 0.01).
The treatment was found to be MSC dose-dependent and
results were confirmed in a blinded study.

Results: After a mean follow-up of 31± 28.2 months,thirtythree (78.5%) eyes were classified as complete success. A
Kaplan-Meier cumulative survival curve shows that the
proportions of eyes with controlled IOP after 3,5,7,8 and 12
months of follow up were 86.4%, 81.8%,77.3%,72.7% and
67.5,%respectively. The mean (± SD) IOP decreased from:
32.8 ± 8.6 mmHg to 14.7 ± 3.8 mmHg (p< 0.0001). The
number of anti-glaucoma medication was reduced from 2.3±
0.55 pre-operatively to 0.4 ± 0.85 post-operatively (p-value<
0.0001). The pre operative degree of corneal haze was the
only significant risk factor for failure identified (p=0.006).
Additional surgical procedures were performed in 7 (16.6%)
eyes.There were neither intra-operative nor postoperative
complications.

Conclusion: Transplanted MSCs harbour differentiation
antigens of trabecular meshwork cells both in vitro and in vivo
and are able to reduce IOP in experimental glaucoma. These
results suggest that MSCs have the ability to home to and
repair the trabecular meshwork and may represent an
appealing treatment strategy for open angle glaucoma.

Conclusion: Deep sclerectomy is effective compared to
traditional combined trabeculotomy and trabeculectomy
surgery in childhood glaucoma with the ability to avoid postoperative complications.
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RGMA HAS MULTIPLE DOMAINS THAT RESTICT
RETINAL GANGLION CELL REGENERATION
P. Monnier, N.G. Tassew

The current study shows that the only significant risk factor for
failure is the degree of preoperative corneal haze.

Genetics and Development, Toronto Western Research
Institute, Toronto, ON, Canada
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Retinal ganglion cell axons do not regenerate after optic nerve
injuries. This lack of regeneration is associated with the
presence of inhibitory components in the extracellular
compartments. Indeed, the extracellular milieu contains
proteins that are powerful impediment to neuronal
regeneration. The Repulsive Guidance Molecule RGMa, is
expressed in the optic nerve following injuries and it is
believed to be one of the inhibitory components that hamper
regeneration. However, thus far very little is known about its
processing and how it blocks retinal axon regeneration.

COMPARING THE HILL OF VISION BETWEEN PEOPLE OF
AFRICAN AND EUROPEAN DESCENT IN THE AFRICAN
DESCENT AND GLAUCOMA EVALUATION STUDY
L. Racette1, C. Girkin2, J. Liebmann3, L. Zangwill1, S. Jain4, F.
Medeiros1, C. Bowd1, R. Weinreb1, P. Sample1, African
Descent and Glaucoma Evaluation Study
1

Ophthalmology, Hamilton Glaucoma Center, UCSD, La Jolla,
CA, 2Ophthalmology, University of Alabama at Birmingham,
Birmingham, AL, 3Ophthalmology, New York Eye and Ear
Infirmary, New York, NY, 4Family and Preventive Medicine,

We showed that RGMa is cleaved at the amino acid 150 into
N- and C-terminal fragments (N- and C-RGMa), RGMa being
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Division of Biostatistics and Bioinformatics, UCSD School of
Medicine, La Jolla, CA, USA

Methods: Genome-wide multipoint variance components
linkage analysis of maximum recorded IOP, CDR and CCT
was conducted using data from a large multicenter study of
exteded Causasian POAG families from Australia and North
America including 1181 people from 22 extended pedigrees.

Background and aims: We previously reported significant
differences in visual function between the healthy eyes of
people of African (AD) and European (ED) descent. These
differences in normal appearing visual fields were spatially
distributed along an arcuate pattern, suggesting that they
could be signs of early disease in people of AD with healthy
eyes. These differences, however, could also be due to a
difference in the hill of vision between people of AD and ED.
The goal of this study is to compare the hill of vision between
people of AD and ED.

Results: Mulitipoint linkage analysis of maximum recorded
IOP produced a peak LOD score of 3.7 mear marker D3S3672
(p=-4.3 x 10-9) Analysis of maximum recorded CDR gave a
peak LOD score of 4.0 between D3S1568 and D3S1569,
which is conincident with the GLC1C locus, which we
previously described, on chromosme 3q (p=1.0x10-14).
Multipoint analysis of minimum recorded CCT produced a
peak LOD score of 3.0 near marker D15S118 (p=1.06x10-9).
Sex and age were significant cofactors for all three traits.

Methods: Visual function was assessed in both eyes (when
eligible) of 353 AD and 341 ED participants selected from the
African Descent and Glaucoma Evaluation Study (ADAGES)
and from the Diagnostic Innovations in Glaucoma Study
(DIGS). Participants had normal appearance of the optic disc
on stereophotographs, normal visual fields (normal pattern
standard deviation and a glaucoma hemifield test result within
normal limits), intra-ocular pressure (IOP) ≤22 mm Hg, no
history of elevated IOP, and no use of glaucoma medication or
surgery in either eye. Each participant had two reliable 24-2
tests on Standard Automated Perimetry (SAP) using the
Swedish Interactive Thresholding Algorithm (SITA) taken
within a 3-month window. The data from the second visual
field test were used to minimize the impact of learning effects.
The threshold values for each participant were averaged along
concentric rings at five different eccentricities (approximately
3, 10, 17, 22 and 25 degrees). These threshold averages were
compared between the AD and ED groups using t-tests.

Conclusions: The identification of glaucoma susceptibility
genes has been hampered by the complexity of the disease as
well as the late age of onset. Using a different approach than
the classic Mendelian analysis, we successfully mapped loci
for three POAG endopheontypes with max lod scores ≥3.0.
Utilization of quantittive trains for identification of POAG
susceptibility genes appears to be a viable means of breaking
through the barriers to finding new POAG genes.
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ANTERIOR ORBIT ANESTHESIA FOR GLAUCOMA
FILTRATION PROCEDURES
W.R. Soliman

Results: No statistically significant differences in threshold
values were observed at any of the five eccentricities: at 3
degrees (AD: 32.98±1.42; ED: 32.91±1.59; p=0.42); at 10
degrees (AD: 31.92±1,39; ED: 31.80±1.55; p=0.14); at 17
degrees (AD: 30.53±1.45; ED: 30.53±1.54; p=0.94); at 22
degrees (AD: 29.63±1.98; ED: 29.79±1.93; p=0.14); at 25
degrees (AD: 28.83±1.85; ED: 28.96±1.89; p=0.21).

Anesthesia, King Khaled Eye Specialist Hospital, Riyadh,
Saudi Arabia
Background and aims: Provision of regional anesthesia for
glaucoma surgery varies worldwide. Peribulbar techniques is
still accepted and widely practiced. It has been reported that
the technique is associated with the risk of sight and life
threatening complications which is less tolerated in glaucoma
patients as the condition itself characterized by progressive
pressure and damage to the optic nerve head. Needle length
is an important consideration in the safe conduct of ophthalmic
blocks. Shorter needles may reduce the needle related
complications. The anterior orbit is the space between the lids
and the sites of attachment of the extraocular muscles to the
periorbit and sclera. It ends 2-5 mm anterior to the equator of
the globe and it is mainly filled with adipose and connective
tissue. If the needle placed in this area, theoretically there will
be no injury to important structures. The half inch needle if
introduced into the anterior orbit, cannot pass further posterior.
The aim of this study was to demonstrate the efficacy of half
inch needle length in performing peribulbar blockade for
glaucoma filtration procedures.

Conclusions: The results of this study show that there is no
difference in the hill of vision between people of African and
European descent. This result is consistent with the idea that
the ancestry-based differences we reported previously were
likely a sign of early disease in the healthy eyes of people of
AD compared to those of ED. The longitudinal data collected
in the ADAGES will be useful to determine whether a greater
percentage of healthy AD eyes develop glaucoma over time
compared to healthy ED eyes.
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USE OF ENDOPHENOTYPES, IOP, CCT AND CUP-TODISC RATIO TO IDENTIFY POAG-RELATED LOCI

Methods: After obtaining hospital research and Human ethics
committees' approval, one Hundred fifty patients undergoing
Ahmed's implant or trabeculectomy procedures under local
anesthesia were enrolled in this descriptive study. Peribulbar
blockade was performed with 27 G, half inch length needle.
The needle was inserted transcutaneously through the lower
eyelid in the inferotemporal quadrant. Digital pressure was
applied by the thumb and index fingers around the needle hub
during injection. After negative aspiration, local anesthetic
solution was injected until achieving total drop of the upper
eyelid. No Honan's balloon applied. Ocular Akinesia was
assessed 10 minutes after the block using the Simple Akinesia
Score. A score of one or zero was accepted to provide
adequate analgesia for the surgical procedure to be
performed. If after 10 minutes the block was inadequate for
surgery, supplementary anesthesia was provided using the
same needle.

J. Samples1,2, J. Charlesworth3, P. Kramer4, A. Hewitt5, J.
Craig6, T. Dyer7, D. Mackey8, J. Blangero7, M. Wirtz2
1

Rocky Vista University, Parker, CO, 2Ophthalmology, Oregon
Health & Science University, Portland, OR, 3Genetics,
Southwest Foundation for Biomedical Research Foundat,
Houston, TX, 4Genetics, Oregon Health & Science University,
Portland, OR, USA, 5Ophthalmology, University of Melbourne,
Melbourne, VIC, 6Ophthalmology, University of Adelaide,
Adelaide, SA, Australia, 7Genetics, Southwest Foundation for
Biomedical Research, Houston, TX, USA, 8Ophthalmology,
University of Western Australia, Perth, WA, Australia
Purpose: The purpose of this study was to identify genetic
contributions to primary open -angle glaucoma by investigating
three quantitative components of the high-pressure POAG
phenotype, intraocular pressure (IOP), vertical cup-to-disc
ratio (CDR) and central corneal thickness (CCT).

Results: Adequate Akinesia score (one or zero) was achieved
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after the first injection in 138 patients (92%) while 12 subjects
(8%) required supplementary injections. There were no major
sight or life threatening complications.

individuals. The Australian and New Zealand Registry of
Advanced Glaucoma (ANZRAG) aims to develop a large
cohort of glaucoma cases with severe visual field loss to
identify novel genetic risk factors for glaucoma blindness. As
Myocilin mutations account for 3-4% of POAG cases and are
inherited in an autosomal dominant fashion, ANZRAG has
established an accredited Myocilin testing protocol to ascertain
which of the cases of advanced glaucoma in the ANZRAG
have disease causing mutations in the Myocilin gene and to
offer testing to their family members.

Conclusion: Using half inch length needle for anterior orbit
anesthesia showed satisfactory results. This technique is
effective for glaucoma filtration surgery. The author
recommend multicenter study to detect safety of the
technique.
P125

Methods: Clinical information and blood are collected from
participants after referral by ophthalmologists. Cases with
advanced glaucoma are tested for Myocilin mutations by direct
sequencing of exon 3. When a Myocilin mutation is identified,
a genetic counsellor provides information regarding the
implications of the test result. Presymptomatic genetic testing
is then offered to first degree relatives of the probands with a
Myocilin mutation to establish their risk of developing
glaucoma.

IMPROVED MR IMAGING FOR AQUEOUS FLUID
DRAINAGE AFTER GLAUCOMA DRAINAGE IMPLANT
SURGERY WITHOUT CONTRAST AGENT
T. Sone1, K. Tanitame2, H. Fukuda2, Y. Kiyama2, Y. Kiuchi1
1

Ophthalmology, 2Radiology, Hiroshima University, Hiroshima,
Japan

Results: ANZRAG has registered over 800 participants with
advanced glaucoma. The first 200 cases had already been
screened for Myocilin through the Glaucoma Inheritance Study
in Tasmania (GIST) and previously reported. The subsequent
580 cases in the ANZRAG have now been screened for
mutations. Sixteen further Myocilin positive cases were
identified (2.8%). Of these 11 had the most common Gln368X
mutation, while there was one each of Trp286Arg, Gly367Arg,
Trp373X (novel), Thr377Met, and Ala445Val. Twenty-two
family members of index cases requested cascade testing,
and so far 6 presymptomatic carriers have been identified.

Background and aims: Glaucoma drainage implant surgery
has substantially improved the treatment of patients with poor
prognosis for standard filtering procedures. Using usual
imaging device, it is difficult to depict the shape of the outflow
of aqueous humor into an outlet chamber. T2-weighted
magnetic resonance (MR) imaging can depict the aqueous
humor as hyperintense lesion, but the resolution is not enough
for such a small lesion. Additionally, Because of the long
acquisition times associated with spin-echo sequences, MR
images can be degraded by motion artifacts. The purpose of
this study is to depict the shape of the outflow of aqueous
humor into an outlet chamber clearly using MR.

Conclusion: Identification of at-risk individuals through
genetic testing is acceptable and feasible. Presymptomatic
patients identified through cascade testing are likely to benefit
from early intervention and treatment to reduce glaucoma
blindness.

Methods: MR image was taken with a microscopy surface coil
to improve the resolution, and with the single shot fast spin
echo(SSFSE) sequence which had the fast acquisition
algorithm. The gaze fixation point was used to suppress
motion artifacts. MR image was taken for the patients who
were operated Ahmed valve implantation.
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Results: Using MR imaging with SSFSE, the shape of the
outflow of aqueous humor into an outlet chamber was clearly
depicted as hyperintense lesion in about 2 seconds. On the
poor prognosis, that lesion was small.

INTRAVITREAL INJECTION OF BEVACIZUMAB REDUCES
PERMEABILITY OF NEWLY FORMED VESSELS BUT NOT
CHANGES THEIR DISTRIBUTION IN NEOVASCULAR
GLAUCOMA

Conclusions: MR with microscopy surface coil, SSFSE
sequence and gaze fixation point can depict the shape of the
aqueous fluid drainage in Vivo after glaucoma drainage
implant surgery with fast scanning without contrast agent.

A. Tawara1, S. Ishibashi1, T. Kubota2, R. Sohma1, N. Tou1, Y.
Harada1, H. Kondo1
1

University of Occupational and Environmental Health, Japan,
Kitakyushu, 2University of Oita, Yufu, Japan
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Aims: To evaluate the effects of intravitreal injection of
bevacizumab
(IVB)
on
the
anterior
segment
neovascularization in neovascular glaucoma.

EXPERIENCE WITH MYOCILIN MUTATIONS SCREENING
IN THE AUSTRALIAN AND NEW ZEALAND REGISTRY OF
ADVANCED GLAUCOMA

Methods: We performed anterior segment angiography with
both fluorescein (FA) and indocyanine green (IA) using
Heidelberg retina angiograph 2 on 4 eyes of 4 patients with
neovascular glaucoma. Two out of 4 eyes underwent iris and
the others had iridocorneal angle angiography. After
angiography, the eyes received IVB (1.25mg/0.05ml), and then
underwent angiography again from 4 to 6 days after the
treatment. We also examined morphologically the number of
fenestrations of newly formed vessels in the trabecular tissue
obtained surgically from 5 eyes with neovascular glaucoma.
Three of them received IVB (1.25mg/0.05ml) but the others did
not. We counted the number of fenestrations of newly formed
vessels on the printed electron micrographs of the entire
trabecular meshwork in the 5 different sections in one case.
Then, we calculated the number of fenestrations per one
vessel in each case.

E. Souzeau1, B. Usher1, K. Burdon1, A. Hewitt2, A. Dubowsky3,
D. Mackey4, J. Craig1
1

Dept of Ophthalmology, Flinders University, Bedford Park,
SA, 2Centre for Eye Research Australia, University of
Melbourne, East Melbourne, VIC, 3SA Pathology, Flinders
Medical Centre, Bedford Park, SA, 4Lions Eye Institute,
Nedlands, WA, Australia
Background and aims: Primary Open-Angle Glaucoma
(POAG) is a sight threatening disease affecting 2-3% of the
population over the age of 40. Because POAG is both
treatable and asymptomatic in the early stages, identifying
individuals at high risk can prevent irreversible blindness. It
has long been established that glaucoma is multifactorial but
genetics plays a crucial role in the pathogenesis. Thus, genetic
testing is a promising way of identifying presymptomatic at-risk

Results: FA showed intensive leakage of the dye from newly
formed vessels, although IA revealed the vessel structures
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clearly without dye leakage. In both iris and angle
angiography, dye leakage with FA decreased after IVB
compared with that before it. The vascular structures in the iris
and angle with IA, however, did not change after IVB, although
the newly formed vessels in the tissues seemed to vanish
based on slit-lamp examinations. Morphologically there were
capillary-like structures in the trabecular meshwork of
neovascular glaucoma both with and without IVB. The number
of fenestrations of the newly formed vessels in the trabecular
meshwork was fewer in eyes with IVB (the number of
fenestrations/vessel was 0.2+/-0.4 in one eye and 0 in 2),
compared with that without IVB (the number in 2 eyes was
1.2+/-0.8 and 3.2+/-1.3 respectively).

ANTERIOR SEGMENT BIOMECHANICAL PARAMETERS
CORRELATE WITH OPTIC DISC MORPHOLOGY
MEASURED WITH A CONFOCAL LASER
OPHTHALMOSCOPE
J. Wang, D. Descovich, A. Fansi, P. Harasymowycz, G. Li, E.
Freeman, M. Lesk
Ophthalmology, University of Montreal, MaisonneuveRosemont Hospital, Montreal, QC, Canada
Purpose: To evaluate the association between anterior
segment parameters, such as central corneal thickness (CCT),
corneal hysteresis (CH) and corneal resistance factor (CRF),
and optic disc morphology in a cohort of adult patients.

Conclusion: The IVB effectively reduces vascular
permeability by reducing the number of fenestrations in the
newly formed vessels, whereas the vessels are still present in
the iris and iridocorneal angle in neovascular glaucoma.

Methods: Cross-sectional study. A cohort of subjects with
diagnoses ranging from normal (N), glaucoma suspects (GS),
mild to advanced open-angle glaucoma (OAG) and OHT were
recruited. For each subject, we measured, in one single
session, intraocular pressure (IOP) using Goldmann
tonometer, CCT, CH and CRF using Ocular Response
Analyzer, and axial length (AL). Historical untreated maximal
IOP was also recorded for OAG and OHT subjects. Optic
nerve head (ONH) morphology of each subject was assessed
using Heidelberg Retina Tomography (HRT III). Pearson
correlation analysis was performed between ONH morphology
parameters and anterior segment parameters.

Acknowledgments: This study was supported by the Grantin-aid for Scientific Research from the Ministry of Education,
Culture, Sports, Science and Technology of the Japanese
Government (Grant No. 20592067).
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NON-OCULAR FUNCTIONS OF MYOCILIN
S. Tomarev, M.K. Joe, H.S. Kwon, T. Johnson

Results: 261 patients were included in the study (112 OAG;
52 GS; 44 OHT; 53 N). Mean cup depth (MCD) correlated
moderately but significantly with CH (r = - 0.201, p = 0.001),
CRF (r = - 0.163, p = 0.01), IOPmax (r = 0.162, p = 0.01), and
CCT (r = - 0.160, p = 0.01), but it did not correlate with AL (p =
0.87) and current IOP (p = 0.33). Disc area (DA) only weakly
correlated with CRF (r = -0.170, p = 0.007); Linear cup-to-discratio (LCDR) correlated moderately with CH (r = - 0.341, p <
0.001) and CRF (r = - 0.366, p< 0.001), and correlated weakly
with AL (r=0.130, p=0.04), CCT (r = - 0.177, p = 0.005) and
historical IOPmax (r = 0.168, p = 0.008).

National Eye Institute, NIH, Rockville, MD, USA
Purpose: Myocilin is expressed in ocular and non-ocular
tissues. Here we study possible functions of myocilin in
skeletal muscle and peripheral nervous system.
Methods: Transgenic mice expressing elevated levels of
myocilin were described previously (Mol. Cell. Biol., vol. 24, p.
9019). Myocilin was partially purified from stably transfected
mammalian cells. Sciatic nerves were isolated from adult mice.
Protein-protein
interactions
were
studied
by
immunoprecipitation combined with western blot analysis.
Dissociated cultures of mouse dorsal root ganglia were grown
for 12 days on slides coated with poly-D-lysine and laminin
and then treated with conditioned medium from cells
expressing myocilin or with purified myocilin.

Conclusion: Anterior segment parameters such as CH, CRF
may provide insight into the morphology of posterior segment.
This association supports previous reports on the association
between CH and glaucomatous damage.

Results: Myocilin interacts with a component of dystrophinassociated complex, syntrophin, in the eye angle tissues and
skeletal muscle as shown by co-immunoprecipitation of
myocilin and syntrophin. The N-terminal part of myocilin is
essential for this interaction. Transgenic mice expressing
elevated levels of myocilin in muscle tissues demonstrated
elevated levels of potassium channels and increased size of
muscle fibers. In sciatic nerves, myocilin interacts with
gliomedin and neurofascin-155. The olfactomedin domain of
myocilin is critical for this interaction. Double immunolabeling
using antibodies to gliomedin and myocilin revealed that both
proteins are localized at the node of Ranvier. The levels of
myocilin were increased at the nodes of transgenic mice
expressing elevated levels of myocilin. Addition of purified
myocilin induced clustering of nodal components (neurofascin155, ankyrinG) in dorsal root ganglion cultures, similar to that
observed after addition of gliomedin conditioned medium.
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LOWER DOSAGE OF CYTRARABINE ENHANCES GENE
EXPRESSION AND NEUROPROTECTIVE EFFECT
MEDIATED BY AAV2-BDNF IN VITRO AND IN VIVO
J. Wu, S. Zhang, X. Sun
EYE and ENT Hospital, Fudan University, Shanghai, China
Purpose: To investigate the effects of Cytrarabine, a
anticancer chemotherapeutant, on the rAAV2-BDNF gene
expression and retinal ganglion cell survival both in vitro and in
vivo.
Methods: Primarily cultured retinal ganglion cells (RGCs) and
retinal neural cells of C57 mice were infected by rAAV2EGFP/BDNF alone or with lower dosage of Cytrarabine. EGFP
expression was then observed and analyzed by using of
inverted fluorescent microscopy, FACS, and Western blotting.
The rAAV2-EGFP/BDNF alone or with lower dosage of
Cytrarabine was intravitreally injected into C57 mice. EGFP
expression in the living retina was monitored and
photographed
using
fluorescent
stereoscope.
The
combinatorial use of rAAV2-BDNF and Cytrarabine was also
investigated for the feasibility to augment the rescue of RGCs
in DBA/2J mice. rAAV2-BDNF combined with or without

Conclusion: Myocilin has important non-ocular functions. It
may affect the size of the skeletal muscles and saltatory
conduction in the sciatic nerves. Application of these findings
to ocular tissues is under investigation.
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Cytrarabine was intravitreally injected into DBA/2J mice at the
age of 12 months. The expressions of BDNF both in vivo and
in vitro were detected by immunohistochemistry and western
blotting. The RGCs survival at 4 and 8 weeks after injection in
DBA/2J mice was examined by the counting of retrograde Dillabeled RGCs.The eyes were also examined for apoptosis
using TUNEL in situ assay in C57 and DBA/2J mice.

successfully distinguished within the same eye. Segmental
tracer distribution was seen with more tracers near the vicinity
of CC ostia. PEFL was significantly lower at the 30mmHg
control than the 7 mmHg control (36.08±0.38% vs
56.02±6.04%, p=0.03). In the experimental group, PEFL
increased when IOP was reduced to 7mmHg from 30 mmHg
(45.78±7.37% vs 27.60±6.43, p=0.01). Under light microscopy,
collapse of SC and a greater percentage of CC ostia exhibiting
herniations were found at the control 30 mmHg group
(79.04±20.50%), which were partially reversed when IOP was
decreased from 30 to 7mmHg (33.06±2.66%), but still higher
than at the control 7 mmHg group (26.14±20.81%).

Results: GFP expression was observed 12 h postinfection in
the cells infected by rAAV2-EGFP with Cytrarabine, while cells
infected by rAAV2-EGFP alone did not show EGFP expression
until the 5th day. The percentage of EGFP positive cell and
mean of EGFP fluorescence intensity detected by FACS
increased from 15.1% and 3.06 in the rAAV2-EGFP infected
cells to 90.8% and 108.4 in the rAAV2-EGFP with Cytrarabine
infected cells at the7th day postinfection. Earlier onset of gene
expression, stronger and prolonged fluorescene were
observed in the rAAV2-Cytrarabine-injected eyes compared to
the rAAV2-injected eyes. BDNF expressions from the rAAVCytrarabine-infected groups had 5.1- to 8.9- fold greater than
rAAV2 alone groups either in vivo or in vitro. And the loss of
RGCs in DBA/2J mice at 4 and 8 weeks after injection was
23.97±2.03% and 30.36±3.28% respectively in the rAAV2Cytrarabine-injected group, and 33.42±5.64%(p< 0.01) and
41.38±5.75%(p< 0.01) respectively in the rAAV2 -injected
group. There was no remarkable apoptosis and cytotoxity in
C57 and DBA/2J mice retina.

Conclusions: Hydrodynamic outflow patterns before and after
a change in IOP could be successfully distinguished within the
same eye using this new two color tracer technique. Decrease
in PEFL and increase of herniations into the CC ostia at higher
IOP played an important role in decreasing C. These changes
were reversible when IOP was reduced to a normal level.
Supported by NIH EY018712 .
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HDACI ENHANCES TRANSDUCTION AND PROMOTES
RETINAL GANGLION CELL SURVIVAL MEDIATED BY
RAAV2 FOLLOWING CHRONIC OCULAR HYPERTENSION

Conclusions: Lower dosage of Cytrarabine could significantly
enhance rAAV2-mediated transgene expression in mouse
RGCs or retinal cells. Lower dosage of Cytrarabine promoted
RGCs survival mediated by rAAV2-BDNF in DBA/2J

S. Zhang, J. Wu, X. Sun
EYE and ENT Hospital, Fudan University, Shanghai, China
Purpose: To evaluate the effects of HDAC inhibitor (HDACi),
on the gene expression and neuroprotection mediated by
rAAV2-BDNF following chronic ocular hypertension. Methods:
The rAAV2-EGFP alone or with lower dosage of HDACi was
intravitreally injected into SD rats. EGFP expression in the
living retina was monitored and photographed using
fluorescent stereoscope. This strategy, the combination of
rAAV2 and HDACi, was further investigated for the feasibility
to enhance the neuroprotective effects following chronic ocular
hypertension of SD rat. Unilateral IOP elevation of SD rat was
induced through episcleral vein cauterization (EVC). rAAV2BDNF combined with or without HDACi was intravitreally
injected immediately after EVC. Retinal ganglion cells (RGCs)
survival was quantified by the counting of retrograde Dillabeled RGCs in flat-mounted retinas at 1, 2 and 4 weeks after
ECV. The retinas were also examined for apoptosis using
TUNEL in situ assay. The protein expressions of transgene
EGFP and BDNF in the treated retinas were detected by
western blotting. The mRNA expression and DNA copy
number of transgene EGFP were determined at the 1, 3, 5,
and 7 days after injection using real-time PCR.
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MORPHOLOGICAL AND HYDRODYNAMIC
CORRELATIONS OF AQUEOUS HUMOR OUTFLOW
FACILITY UNDER DIFFERENT INTRAOCULAR
PRESSURES IN MONKEY EYES
Y. Zhang1, H. Gong2
1

Ophthalmology, Huashan Hospital of Fudan University,
Shanghai, China, 2Ophthalmology, Boston University School of
Medicine, Boston, MA, USA
Aims: To investigate hydrodynamic and morphological
correlations of aqueous outflow facility (C) with changing IOPs
within the same eye using a two-color fluorescent tracer
technique.
Methods: Seven enucleated monkey eyes were perfused at
30mmHg with Dulbecco's phosphate-buffered saline
containing 5.5mM D-glucose to establish a stable baseline
facility. A fixed volume of red fluorescent microspheres
(0.5µm, 0.002% v/v) were then exchanged and perfused. In
the experimental group (N=4), IOP was reduced to 7 mmHg
followed by an anterior chamber exchange removing the red
tracer, eyes were then perfused with green tracer. In the
control group (N=3), eyes were perfused with green tracer with
IOP remaining at 30mmHg. An additional control group (N=3)
perfusing eyes similarly with IOP remaining at 7mmHg. All
eyes were perfusion-fixed. C was continuously recorded.
Confocal images were taken along the inner wall (IW) of
Schlemm's canal (SC) in frontal sections of all quadrants. The
percent effective filtration length (PEFL; length of IW exhibiting
tracer labeling/total length of IW) was measured. The same
sections were then processed for light microscopy. Numbers
of herniations into collector channel (CC) ostia were analyzed.

Results: Earlier onset of gene expression, stronger and
prolonged fluorescene were observed in the rAAV2 with
HDACi-injected eyes in comparison with rAAV2-injected eyes.
The enhancement of transgene expression reached a plateau
4 weeks after injection, and then up to 8 weeks postinjection.
In the chronic ocular hypertension models, significantly more
surviving RGCs were observed in the rats received injection of
rAAV2-BDNF and HDACi than in the rats injected with rAAV2BDNF alone. Only 6.82% ± 1.24% RGCs were lost 2 weeks
after IOP elevation in the retinas injected with rAAV2-BDNF
and HDACi, whereas the control, received injection of rAAV2BDNF alone, lost 10.06% ± 3.51% of RGCs (p< 0.01).
Western blot analysis confirmed that HDACi resulted in a
robust dose-and time-dependent increase of rAAV2-mediated
gene expression in the retinas in vivo. Real-time PCR analysis
shown that combination of HDACi produced a more than sixfold increase in EGFP mRNA levels (at 5 days), compared to
injection with rAAV2-EGFP alone. However, HDACi did not
significantly affect the copy number of the rAAV2.

Results: C was lower at 30mmHg than at 7 mmHg in the
control groups (p=0.03). When IOP was reduced from 30 to
7mmHg in the experimental group, C increased, but did not
reach statistical significance (p=0.6). The red and green tracer
distributions before and after a change in IOP could be

Conclusions: The data from this study suggested that HDACi
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could exert a significant enhancing and accelerating effect on
rAAV2-mediated gene expression in retinal cells in rat. The
combinatorial use of HDACi and rAAV2-BDNF produced
improvement of RGCs survival after chronic ocular
hypertension of rat.

2006, 2009). Moreover, mutant mice with Nmnat preferentially
localized in the cytoplasm and axon exhibited robust axonal
protection after sciatic nerve transection (Sasaki Y et al., J
Neurosci 2009). In the present study, we determined if
cytoplasmic Nmnat overexpression would protect CNS retinal
ganglion cell (RGC) somas and axons from ischemic injury.

P133

Methods: Littermate-matched adult male wild-type (WT;
C57Bl/6) and cytNmnat transgenic (cytNmnat Tg) mice - which
we confirmed by immunoblotting strongly expresses cytNmnat
protein in both optic nerve (ON) and retina - were subjected to
45 min of retinal ischemia by elevating intraocular pressure.
Four days later, flat-mounted retinae and cross sections of the
laminar ON from experimental eyes and fellow control eyes
were fluorescently immunostained for NeuN (neuron soma),
SMI-32 (nonphosphorylated neurofilament heavy chain), and
GFAP (astrocytes) and analyzed by confocal microscopy.

A CHRONIC OCULAR HYPERTENSION GLAUCOMATOUS
RAT MODEL FOR NEUROPROTECTIVE DRUG
SCREENING
L. Zhong
Ocular Science Department, Toxikon Corpration, Bedford, MA,
USA
The purpose of the study was to create and use a chronic
ocular hypertension (OHT) model for screening potential
compounds to protect retinal ganglion cells (RGCs) that
responded to increased intraocular pressure (IOP). A total of
312 rats were prepared and randomized into groups. Rats
were sedated with Isoflurane/Ketamine/Xylazine. Eye
examination was performed for scores of 1 ~ 4. An OHT model
was created through the injection of hypertonic saline solution
into the episcleral veins. IOP was measured from both eyes
using a Tono-pen. The week (wk) of administration was
designed as wk 0. The OHT model was identified when IOP at
wk 0 was ≥ 6 mmHg than IOP at wk -2 in the same eye. Rats
were single - dosed into the OHT eyes with 1 of 8 compounds
or control at wk 0. The 4% FluoroGold was injected in the
superior colliculi with a stereotaxic device to label viable
RGCs. Rats were sacrificed by CO2 inhalation at the end of the
time-points. Eyes were enucleated, fixed and then retinas
were dissected and flat whole-mounted under a
stereomicroscope. Viable RGCs were visualized, imaged and
calculated by a laser scanning fluorescent confocal
microscope, image analysis software and Image J. Using
GraphPad Prism, data was analyzed by paired t-test and oneway ANOVA. The OHT model was created in 223 of 306 rats
(73%) and 70 of 306 rats were removed from the study due to
no IOP elevation (23%), corneal damages scored over 4 (3%),
whole flat-mounted retina unable to be imaged (2%) and death
after sedation or others (2%). In the OHT model, IOP was
elevated 67.63% for 16 wks. The average IOP was 16.68 ±
0.98 mmHg (mean ± SD) in non-OHT eyes (n = 233) and
27.95 ± 0.97 mmHg (mean ± SD) in OHT eyes (n = 223).
Viable RGCs in the OHT eyes were significantly decreased
26% - 57% with a time-dependent pattern, compared to viable
RGCs in non-OHT eyes (p< 0.05). Some of compounds
protected viable RGCs up to 46%, compared to viable RGCs
in control groups (p< 0.05). The chronic OHT glaucomatous
model was created ~73% of the rats. The IOP in OHT eyes
was elevated ~ 68% for 16 wks and viable RGCs were
decreased with a time-dependent pattern. The OHT model
may provide an effective and reliable method for screening
drugs in order to protect RGCs in glaucoma.

Results: In flat mounts from the ischemic eye of WT mice
(n=6), somal loss in the mid-peripheral retina was evidenced
by reduced NeuN+ cell density, small regions completely void
of NeuN+ cells or with clumped NeuN+ cells, and widespread
RGC layer disruption. The density of SMI-32+ axons crossing
these same areas was also reduced, axons were thinner,
disrupted, and in some regions, completely missing. However,
in the ischemic retinal flat-mounts from cytNmnat Tg mice,
NeuN density was robustly preserved, and SMI32+ axon
density, diameter, and expression patterns were similar to
those in fellow eye. In the ischemic ON of WT mice, smaller in
diameter than fellow eye, reductions in both SMI32+ axon
density and axonal fluorescence intensity were evident, but
without a change in GFAP staining pattern. In contrast, all
indices of SMI32+ axon density were preserved in ischemic
ON from cytNmnat Tg mice.
Conclusions: Collectively, these results indicate that
cytoplasmic overexpression of Nmnat exerts a robust
protective effect on axons and soma of RGCs subjected to in
vivo ischemia, and suggests this protein might be a
therapeutic target for treating ischemic retinopathies and
glaucoma. Support: NIH EY18607(JMG, YZ), EY02687
(DOVS, Wash U), NS040745 (JM), AG13730 (JM), AHAF
National Glaucoma Foundation (JMG, YZ), NIH Neuroscience
Blueprint Core Grant NS057105, and the HOPE Center for
Neurological Disorders (Wash U).
P135
MAXIMISING RESULTS WITH THE HELP OF AUDIT OF 4
CONSECUTIVE YEARLY AUDITS(INCLUDING VIDEO
AUDITS) OF CATARACTS IN PATIENTS WITH
IRIDOCYCLITIS
S. Moreker1, S. Kataria2,3, M. Moreker4
1

Ophthalmology, P.D Hinduja National Hospital, Mumbai,
India, 2M.S O.D Class of 2012, New England College of
Optometry, Boston, MA, USA, 3Ex Optometrist-Department of
Ophthalmology, P.D Hinduja National Hospital,
4
Ophthalmology, Taparia Institute of Ophthalmology, Bombay
Hospital, Mumbai, India
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ISCHEMIC PROTECTION OF RETINAL GANGLION CELL
AXONS AND SOMA IN MICE OVEREXPRESSING
CYTOPLASMIC NMNAT PROTEIN

Introduction: Cataract surgery in secondary cataracts in
patients with iridocyclitis has many challenges.There is no one
particular method of treatment and there cannot be
comparisons as the protocols may vary and every case may
warrant a different treatment regime.In such a situation
guidelines are derived from audits.The lessons learnt of one
audit may be unlearnt in another.Hence it may be necessary to
conduct an audit of audits and apply the guidelines to clinical
practice and then find out the results of implementation of
guidelines by another audit

Y. Zhu1, L. Zhang1, Y. Sasaki2, J. Milbrandt2, J. Gidday1
1

Neurosurgery, 2Genetics, Washington University School of
Medicine, St. Louis, MO, USA
Background and aims: Recent studies of the profound
slowing of axonal degeneration of peripheral neurons in mice
with the Wlds mutation revealed that activity of the NAD
biosynthetic enzyme Nmnat is responsible for this phenotype
(Araki T et al., Science, 2004; Sasaki Y et al., J Neurosci

Methods: We conducted an audit of the lessons learnt from 4
consecutive audits for surgery by a single surgeon for
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secondary cataracts in patients with iridocyclitis done at a
tertiary referral center.The lessons and protocols developed
from the audit of these 4 audits were applied in the 5th year
and the final results were audited.

inhibited histamine-induced conjunctival vascular permeability
and its maximum effect was shown at 4%. Ketotifen 4% patch
inhibited it by 59% within 4 hrs and by 67% at 0 hr, 57% at 8
hrs and 63% at 16 hrs after patch removal. Ketotifen eye drops
inhibited it by 78% at 1 hr, but did not inhibit it (15%) at 8 and
16 hrs after instillation.

Results: 361 cases were audited cumulatively.The
commonest cause of iridocyclitis was collagen vascular
disorder followed by tuberculosis and leprosy.The first audit
showed cystoid macular odema as a major complication and 4
eyes were lost due to scars at the macula.These patients were
missed during first follow up and would have done better had
the macular odema been recognised earlier.The introduction
of early OCT made things better but it was the use of HRT II in
measurement of macular thickness serially in the post
operative period that made results better in the second
audit.Changing the surgical procedure after video audits of the
procedure further improved the results.Introduction of
preoperative depot injections and in severe cases an
intraoperative intravitreal injection of steroids made the results
still better.Pre operative judicious use of systemic
immunosupressants added to the better results.90% of
patients in the fifth audit had vision of 20/60 or better at a
mean 6 month follow up.The remaining 10% had uncorrected
visual acuity better than 20/200.

Conclusion: Ketotifen penetrates into the eyelid from patch
applied to the eyelid and continuously transferred to the
conjunctiva from the eyelid, a reservoir, for at least 1 day,
resulting from a sustained drug concentration in the eyelid and
conjunctiva and consistently strong effect during the treatment
to 24 hrs.
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T CELL IMMUNOGLOBULIN AND MUCIN DOMAIN3/GALECTIN-9 PATHWAY IS NECESSARY FOR CORNEAL
ALLOGRAFT SURVIVAL
M. Shimmura-Tomita1,2, M.C. Wang1, H. Taniguchi1, H.
Takahashi1, J. Shimazaki2, H. Akiba3, H. Yagita3, J. Hori1
1

Ophthalmology, Nippon Medical School, Tokyo,
Ophthalmology, Tokyo Dental College, Ichikawa,
3
Immunology, Juntendo University School of Medicine, Tokyo,
Japan
2

Conclusion: We were able to make our own guidelines for the
surgical protocol based on the experience gained in an audit of
4 consecutive surgical audits so as to maximise results in such
cases in the 5th audit.

Purpose: T cell immunoglobulin and mucin domain (Tim)-3 is
a regulatory molecule of T cell function. Galectin (Gal)-9 is a
Tim-3 ligand. The purpose of the present study was to
determine the role of Tim-3/Gal-9 pathway in immune privilege
of corneal allografts.

P136
OCULAR PHARMACOKINETIC AND PHARMACODYNAMIC
STUDY OF KETOTIFEN TRANSDERMAL PATCH
(OCUPATCH™) TO EYELID, A NOVEL TRANSDERMAL
DRUG DELIVERY SYSTEM, IN ANIMALS

Methods: We performed corneal allograft transplantation
using C57BL/6 (B6) donors and BALB/c recipients. An
alloantigen specific anterior chamber associated immune
deviation (ACAID) model in mice was also used. These mice
were administrated with anti-Tim-3 monoclonal antibodies
(mAb), anti-Gal-9 mAb, or control rat IgG intraperitoneally.
Graft survival and induction of ACAID were assessed. We also
examined destruction of corneal endothelial cells (CECs) by
allo-reactive T cells in vitro. Corneas from B6 eyes pre-treated
with anti-Gal-9 mAb or control rat IgG were incubated with
CD4+ T cells for 6 h. CD4+ T cells were purified from the
spleen of BALB/c mice that were presensitized by
subcutaneous immunization with allo (B6) splenocytes or with
third-party (C3H/He) splenocytes, or from the spleen of naive
BALB/c, B6 or C3H/He mice. Dead CECs stained with
propidium iodide were counted and compared.

T. Ogawa1, T. Kida2, T. Tajika2, K. Ikemoto2, A. Isowaki1
1

R&D, Senju USA, Inc., Woodland Hills, CA, USA, 2Preclinical
Laboratories, Senju Pharmaceutical Co., Ltd., Kobe, Japan
Purpose: We design a novel transdermal patch of ketotifen
(Ocupatch™), which is applied to an eyelid and expect it could
have potent and long-acting effects. To investigate the
pharmacokinetics and pharmacodynamics of ketotifen 4%
patch applied to the eyelid in animals.
Method:
1) Pharmacokinetic study: 14C-Ketotifen 4% patch was applied
to the left lower eyelid of rabbit for 8 hrs. The radioactivity
concentrations in the ocular tissues were measured at 2, 4, 8,
9, 12, 16, 24, 72 and 168 hrs after patch application.

Results: Allograft survival in the recipients treated with antiTim-3 mAb or anti-Gal-9 mAb were significantly shorter than
that in the control recipients. Gal-9 was expressed on the
corneal epithelium, endothelium and iris-ciliary body in normal
mouse eyes and the eyes bearing the surviving allografts.
ACAID was induced in the recipients treated with anti-Tim-3
mAb or anti-Gal-9 mAb. The number of dead CECs in antiGal-9 mAb-treated corneas was significantly larger than that in
control IgG-treated corneas after incubation with allo-reactive
T cells. In contrast, no significant differences were observed
between anti-Gal-9 mAb and control IgG-treated corneas with
naive BALB/c or C3H/He T cells, and activated T cells against
third-party allo-antigens.

2) Pharmacodynamic study: Ketotifen patch was applied to the
lower eyelid of guinea pig for 4 or 8 hrs. At 0, 8 and 16 hrs
after patch removal, Evans blue 2% was intravenously
injected, and then 50 uL of 0.2% histamine solution was
injected into the lower palpebral conjunctiva. At 30 min after
the histamine injection, the stained conjunctiva was excised
and leaked Evans blue was extracted, and was
spectrometrically measured. Ketotifen eye drops was instilled
5 min and 1, 8 or 16 hrs before the histamine injection.
Results:

Conclusions:
Tim-3/Gal-9
pathway
plays
an
immunosuppressive role in corneal allografts, but is not
associated with induction of ACAID. Gal-9 expressed on CECs
plays a role in protecting CECs from destruction by alloreactive CD4+ T cells.

1) Pharmacokinetic study: The Cmax in the left lower eyelid and
conjunctiva was 44,621 and 140 ng eq./g at 8 hrs after patch
application, respectively. The t1/2 of the eyelid and conjunctiva
after patch removal was 62 and 45 hrs, respectively. The
radioactivity concentrations of ocular tissues in non-applied
eye were very low compared to the applied eye.
2) Pharmacodynamic study: Ketotifen patch dose-dependently
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L.D. Waterbury
Raven Biosolutions LLC, San Carlos, CA, USA

BLOOD AQUEOUS BARRIER AND POSTERIOR
CAPSULAR OPACIFICATION
1

Background and aim: Cataract extraction causes ocular
inflammation, which includes activation of the arachidonic acid
cascade and formation of prostaglandins via cyclooxygenase
(COX) activity. Immunohistochemical studies indicate the
presence of both COX isoenzymes, COX-1 and COX-2, in
various ocular tissues. However, the pathophysiological role of
each isoenzyme and their relative contribution to the
production of prostaglandins in ocular tissues have not been
established. This study was designed to evaluate relative
contribution of COX-1 and COX-2 to the inflammatory
response induced by LPS in a rabbit model of ocular
inflammation.

2

R. Sinha , S. Chowdhury , Innovative Community Ophthalmic
Group
1

Ophthalmology, 2Bokaro General Hospital, Bokaro Steel City,
India
Aim: Postoperative inflammation is a known contributory
factor in posterior capsular opacification. Ocular inflammatory
response was studied by measuring microprotein levels in
aqueous.
Method: Aqueous tap was done during needling for PCO in 25
secondary cataracts. Equal number of age and sex matched
cataract surgical cases were taken as controls.

Methods: At hour 0, 27 rabbits were randomized to receive
either carboxymethylcellulose 0.5% solution (Refresh Tears ®;
Allergan, Inc.; Irvine, CA) (3 drops 20 min apart), the COX-1
inhibitors trans-resveratrol 0.1% (TR) (3 drops 20 min apart) or
FR122047 0.1% (FR) (1 drop), the COX-2 inhibitor nimesulide
0.1% (1 drop), or the COX-1 and COX-2 inhibitor ketorolac
0.45% (Acuvail®; Allergan, Inc.; Irvine, CA) (3 drops 20 min
apart). At hour 1, rabbits received intravenous injections of
LPS and fluorescein isothiocyanate (FITC)-dextran. At hour 2,
aqueous samples were collected for analysis. Six additional
rabbits received only FITC-dextran 2 hours before sample
collection.

Results: Aqueous microprotein level was found to be higher in
"after cataract"cases.
Conclusion: This inexpensive method to study ocular
inflammatory response was found to be helpful in prevention of
posterior capsular opacification by using NSAIDs in all cases
of Grade 1 PCO.
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Results: LPS increased aqueous prostaglandin E2 (PGE2) and
FITC-dextran levels by 4.2- and 137.8-fold, respectively.
Ketorolac 0.45% and the COX-1 inhibitors (TR and FR)
significantly reduced LPS-induced PGE2 elevation (P < .01)
while the COX-2 inhibitor (nimesulide) was ineffective. Of all
inhibitors, only ketorolac 0.45% significantly inhibited LPSinduced FITC-dextran elevation (P < .01). Inability of TR and
FR to inhibit FITC-dextran leakage may be due to their poor
penetration into the iris-ciliary body.

THE ROLE OF ABNORMAL VITREOMACULAR ADHESION
IN AGE- RELATED MACULAR DEGENERATION:
SURGICAL RESULTS
N. Tachi, Y. Kimura, Y. Ueta, K. Yoshimura, Y. Kurokawa, Y.
Hashimoto
Eye Center, Shinseikai Toyama Hospital, Imizu, Japan
Purpose: To assess the incidence of vitreomacular adhesion
and traction in age-related macular degeneration (AMD), and
to evaluate surgical treatment combined with anti-neovascular
grouth factor(anti-VEGF) treatment, and photodynamic
therapy.

Conclusions: COX-1 was the primary isoenzyme responsible
for early inflammatory response to LPS. Ketorolac 0.45%
suppressed ocular inflammation by inhibiting PGE2 elevation
and FITC-dextran leakage. These findings suggest that
inhibition of both COX-1 and COX-2 may provide the most
effective strategy to alleviate prostaglandin-mediated
inflammation.

DESIGN: Retrospective observational interventional case
series.
Methods: Vitrectomy was performed to reduce exudation from
neovascularization of macular degeneration. Photodynamic
therapy, anti-vascular endothelial growth factor ( anti-VEGF)
treatment were also performed . Visual prognosis was
evaluated with or without posterior hyaloidal adhesion during
the surgery.

P141
THE ANATOMIC FEATURES AND DIFFERENCE OF
INFERIOR TARSAL MUSCLE COMPARED TO MULLER
MUSCLE IN KOREAN
H.B. Ahn1, M.S. Roh2, H.C. Oh1, H.R. Seo1, B.U. Ko1

Results: Hyaloidal adhesion was present in 44 eyes of 63
eyes of exudative AMD (69.8%), in 26 eye of 42 eye of
polypoidal choroidal vasculopathy ( 61.9%), in 3 eyes of 6
eyes of retinal angiomatous proliferation (50%) .Visual acuity
at postoperative month 6 was significantly better in eyes with
hyaloidal adhesion than in eyes without hyaloidal adhesion.

1

Ophthalmology, 2Pathology, Dong-A University Hospital,
Busan, Republic of Korea
Purpose:
To
recognize
anatomic
features
and
differencebetween inf. tarsal muscle and muller muscle in
cadaver.

Conclusion: Hyaloidal adhesion to the macula is associated
with AMD. AMD is considered inflammatory disease in some
aspests. Anti-VEGF treatment is effective but it has some
systemic side effects and it need multiple treatment.
Vitrectomy may improve visual prognosis in AMD patients
especially in eyes with hyaloidal adhesion.

Methods: 8 upper and lower eyelids obtained from 4 Korean
cadavers and checked the anatomic shapes, size and
relationship with surrounding structures. The donated
cadavers are all males and average age is 60.2. As the
photos, the specimens were prepared for three samples which
are dissected three portion, central, medial, and lateral. Three
different stains were used like as Hematoxylin-eosin, massontrichrome, anti smooth muscle actin antibody to observe the
nucleus, phosphoric acid, collagen fiber and smooth muscle
fiber.
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CYCLOOXYGENASE (COX)-1 VERSUS COX-2 INHIBITION
TO ALLEVIATE LIPOPOLYSACCHARIDE (LPS)-INDUCED
OCULAR INFLAMMATION IN A RABBIT MODEL

Results: The inf. tarsal muscle fibers are not directly attached
on tarsus and just linked to tarsus with enclosed fibrous fascia.
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The inf. tarsal muscles connected loosely with anterior
capsulopalpebral fascia and posterior conjunctiva. The muller
muscle run vertically and inf. tarsal muscle run horizontally to
tarsus. The anterior layer of capsulopalpebral fascia reached
orbital septum and subcutaneous fat and the posterior layer
forwarded into tarsus. Lockwood ligament is separated from
inf. tarsal muscle and capsulopalpebral fascia or fused into
capsulopalpebral fascia.

Conclusions: Taking into account the specific emission
spectra of whilte LEDs, specific protection may be required,
particularly for risk population.
P143
A COMPARATIVE IMMUNOHISTOCHEMICAL STUDY ON
PIGMENTED INTRAOCULAR CANINE TUMORS

Conclusion: This study will be the basis data that is helpful to
find out characteristics of inf. tarsal muscle and muller muscle.

P. Barros1, E. Pearlmann1, C. Ribeiro2, E. Antecka2, B.
Fernandes3, M. Burnier3
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LIGHT EMITTING DIODE: POTENTIAL RETINAL HAZARDS
F. Behar-Cohen1,2, D. Attia3, A. Barlier-Salsi4, J.-P. Cesarini3,
O. Enouf5, M. Garcia6, C. Martinson6, O. Merckel3, S. Picaud7,
F. Viennot8, G. Zissis9

Background: Pigmented intraocular tumors in dogs are
different than humans, in particular regarding the frequency of
each tumor type. Melanocytomas are noticeably more
prevalent in dogs, representing the majority of tumors in this
group. Clinically, melanocytomas and melanomas are
indistinguishable in dogs. Even on histopathological grounds,
the distinction between the two can often only be made by an
experienced ocular pathologist. The aim of this work was to
evaluate the expression of melanocytic markers in a cohort of
canine pigmented intraocular tumors and compare with human
uveal melanomas.
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INRS, 5Laboratoire National de Métrologie et d'Essais, LNE,
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Methods: Nine samples of pigmented intraocular canine
tumors were selected for this study: 4 melanocytomas, 4
melanomas (2 epithelioid and 2 mixed) and one
adenocarcinoma of the ciliary epithelium. Samples were tested
for HMB-45 and Melan-A. Ten samples of human uveal
melanoma
were
also
stained
for
comparison.
Immunohistochemistry was performed using the Ventana
BenchMark (Ventana Medical Systems Inc, Tucson, AZ, USA)
fully automated machine. Immunohistochemical expression
was classified as negative, mild or strong. Sections of human
skin melanoma were used as positive controls for both
markers.

Context: The French Agency for Environmental and
Occupational Health Safety (AFSSET) is a public body
reporting to the French Ministers for ecology, for health and for
employment. AFSSET established a working group in order to
conduct a health risk assessment on LED (Light Emitting
Diode) lamp systems. We present here the framework of this
work and the first conclusions of the working group. Blue light
hazard and circadian rhythms disorders may be of particular
concern with white LEDs.
Methods: AFSSET established a working group of outside
experts to conduct a health risk assessment on LED lamp
systems. The working group gathers skills in both lighting
physics and ophthalmology. Visible light emitting diodes
potentially pose 5 types of hazards: damage to ocular tissue
(essentially related to blue light hazard), glare, circadian
rhythms disorders, dermatological effects and flashing light
induced seizures. All those risks have been evaluated.

Results: The sections of skin melanoma were strongly
positive for both antibodies tested. Melan-A was positive in 3
melanocytomas (2 strong, 1 mild) and all melanomas (2
strong, 2 mild). HMB-45 was negative in all melanocytomas
and positive in 2 melanomas (1 strong, 1 mild). The
adenocarcinoma of the ciliary epithelium was negative for both
markers. All human samples were positive for both markers.

Results: Blue light hazards
Conclusion: We evaluated a panel of potential markers for
canine pigmented intraocular lesions. Melan-A was the best
marker for melanocytic differentiation, staining all melanomas
and the majority of melanocytomas. Given the preferential
positivity of HMB-45 in melanomas, this marker may prove
useful to differentiate malignant tumors from melanocytomas,
which were all negative for HMB-45 in our sample. Further
studies with a larger sample size are warranted to confirm
these preliminary observations.

The most popular technique to produce high intensity white
LEDs is to couple a blue LED to a phosphor. Some
measurements have been performed to classify some LED
lamp systems according to CIE S 009/IEC 62471 standard
(“Photobiological safety of lamps and lamp systems”). This
standard defines 4 risk groups (group 0, exempt group, group
1 : weak risk, group 2 : moderate risk, group 3 : high risk).
According this standard, LED lamps systems can be assessed
at a illuminance of 500 lx or at 20 cm from the lamp . Most of
classical lamp systems are classified in 0 or 1 groups,
whereas tested LED lamp systems are classified in 0, 1 or 2
groups.

P144
SUPPRESSION OF Α5 GENE EXPRESSION IS RELATED
TO THE TUMORIGENIC PROPERTIES OF UVEAL
MELANOMA CELL LINES

Circadian rythms and pupillary reflex
A new photopigment found in the human retina (melanopsin)
regulates non-visual functions of light such as circadian ryhtms
and pupillary reflex [3][4]. The melanopsin response to light is
maximum roughly between 460 and 480 nm [5]. White LEDs
spectrums present a dip between 460 and 480 nm.

M. Bergeron1, S. Landreville1, F. Vigneault2, C. Duval1, S.
Leclerc1, M. Gaudreault1, M. Morcos3, C. Salesse1,4, S.
Guérin1,4
1

Neuroscience, CHUQ Research Center, Quebec City, QC,
Canada, 2Genetics, Harvard Medical School, Boston, MA,
USA, 3Pathology, Saint Sacrement Hospital, 4Ophtalmology,
Laval University, Québec, QC, Canada

The potential effect of this dip on health still need to be
quantified and evaluated.
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The invasive properties of any given cancer cell are intimately
related to its ability to escape the anchorage dependency
toward its surrounding extracellular matrix (ECM) environment,
a process to which contributes the integrin α5β1 upon binding
to its ECM ligand fibronectin. In this study, we characterized
the expression of the α5 integrin subunit gene in human uveal
melanoma cell lines with distinct tumorigenic properties and
determined some of the mechanisms underlying the variations
of their malignancy. Expression of α5 was monitored by FACS
analyses whereas the tumorigenic properties of the uveal
melanoma cell lines were assessed by s.c. injections into
immunodeficient CD1-nude mice. Transcription factors binding
to the α5 promoter was evaluated in vitro by electrophoretic
mobility shift assays (EMSAs), and in vivo by chromatin
immunoprecipitation (ChIP). Expression of transcription factors
was monitored by Western blot whereas their influence was
assessed by transfection and RNAi analyses.Strong
expression of the α5 subunit was observed in cell lines with
either no or only weak tumorigenic properties (T108 and T115)
whereas highly aggressive cell lines (T97 and T98) had either
no or only low levels of α5. Co-expression and DNA binding of
the transcription factors Sp1, NFI and AP-1 to the α5 promoter
were demonstrated in all cell lines. Whereas both AP-1 and
Sp1 activated expression of the α5 promoter, NFI functioned
as a potent repressor of that gene. Our results suggest that α5
gene expression is likely dictated by subtle alterations in the
nuclear ratio of transcription factors that either repress (NFI) or
activate (Sp1 and AP-1) α5 transcription in uveal melanoma
cells. These cell lines might prove particularly useful as cellular
models to investigate the function played by the α5β1 integrin,
and of the transcription factors (such as Sp1, Sp3, AP-1 and
NFI) that regulate the expression of its constituting α5 subunit,
in the transformation of non-neoplasic UVM into invasive uveal
melanoma.

mmHg) or smoking; insufficient mydriasis or unclear media
avoiding the possibility of obtaining accurate retinographies.
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R. Gallego-Pinazo1,2,3, M. Díaz-Llopis1,2,3, J.F. Arévalo4, J.M.
Millán3,5, P. Udaondo1, C. Marín-Lambies1

VALIDATION OF THE CIRRUS® SPECTRAL-DOMAIN
OPTICAL COHERECE TOMOGRAPHY IN THE GUIDANCE
OF PHOTOCOAGULATION FOR DIABETIC MACULAR
EDEMA

1

Baseline examination included BCVA measure (logMAR),
Cirrus® OCT (Central subfield thickness, CST; retinal volume,
RV), and FA. Subjects were assigned to receive MLP guided
by FA (Group A) or by OCT (Group B). Three months after
MLP patients were re-examined for BCVA, CST and RV.
Results: Group A: Mean BCVA improved from 0,42 +/-0,2 at
baseline to 0,27 +/- 0,1 logMAR at 3 months after MLP
(p=0.001); mean CST decreased from 400,07 +/-117,6
microns to 301,57 +/- 41,7 microns (p=0.003). The mean RV
decreased from 12,16 +/- 1,5 to 11,22 +/- 1,1 mm2 (p=0.001).
Group B: Mean BCVA improved from 0,48 +/- 0,2 at baseline
to 0.32 +/- 0,1 logMAR at 3 months after MLP (p=0.001); mean
CST decreased from 419,64 +/- 95,6 microns to 302,07 +/44,6 microns (p=0.001). The mean RV decreased from 12,05
+/- 1,9 to 10,77 +/- 1,2 mm2 (p=0.001).
No statistically significant difference were found between both
groups in BCVA (p=0.398), CST (p=0.978), or RV (p=0.185)
improvements after MLP.
Conclusions: The SD Cirrus® retinal thickness map
constitutes a useful, fast and non-invasive technique
alternative to FA in the laser spots guidance for MLP in DME.
P146
LONG-TERM FOLLOW-UP OF DRUSENOID PIGMENT
EPITHELIAL DETACHMENTS AFTER INTRAVITREAL
RANIBIZUMAB

Ophthalmology, University Hospital La Fe, 2Medicine,
University of Valencia, 3Centro de Investigación Biomédica en
Red de Enfermedades Raras (CIBERER), Valencia, Spain,
4
Retina and Vitreous, Clínica Oftalmológica Centro Caracas,
Caracas, Venezuela, 5Genetics, University Hospital La Fe,
Valencia, Spain

M. Díaz-Llopis1,2,3, R. Gallego-Pinazo1,2,3, R. Dolz-Marco1, S.
Martínez-Castillo1, D. Salom1, S. García-Delpech1,2, J.M.
Millán3,4

Background and aims: Detachment of the Retinal Pigment
Epithelium (PED) is a common manifestation of ARMD.
Drusenoid PED appears as a result of the slow coalescence of
soft drusen, whose natural history usually follows a
progression to persistent drusenoid PED, geographic atrophy
and neovascularization. However, no therapy has been
established for this disease. The aim of our study was to
evaluate the efficacy of intravitreal Ranibizumab in the
management of drusenoid PED.

1

Ophthalmology, University Hospital La Fe, 2Medicine,
University of Valencia, 3Centro de Investigación Biomédica en
Red de Enfermedades Raras (CIBERER), 4Genetics,
University Hospital La Fe, Valencia, Spain
Background and aims: Macular laser photocoagulation
(MLP) is the gold standard treatment for diabetic macular
edema (DME). Fluorescein angiography (FA) has been
routinely used in order to plan the accurate location of laser
spots within the macular area. However, FA is an invasive,
time-consumig imaging technique, related to 10% of adverse
events, sometimes severe. The aim of our study was to
compare the efficacy of MLP guided by FA and by SpectralDomain (SD) Cirrus® OCT patients with DME.

Methods: Three consecutive eyes with symptomatic
drusenoid PED were included. The main inclusion criteria
included:
(1) best corrected visual acuity (BCVA) measured with ETDRS
chart lower than 20/30;

Methods: 28 eyes of 14 patients with DME were included. The
main inclusion criteria were: significant macular oedema as
measured by OCT; loss of visual acuity; macular vessel
leakage in FA. Exclusion criteria included: proliferative diabetic
retinopathy; severe ischemia which made reasonable the
application of panretinal photocoagulation; intravitreal injection
of Vascular Endothelial Growth Factor A (VEGF-A) inhibitors
at any time; intravitreal or subtenon corticosteroids treatments
within the prior 6 months; laser treatments within the previous
3 months; angiographical evidence of macular ischemia;
presence of retinal disease other than diabetic retinopathy;
evidence of uncontrolled diabetes (Hb1Ac > 8%), systemic
arterial hypertension (systolic > 150 mmHg; diastolic > 100

(2) drusenoid PED from ARMD defined as: clinically, a focal
area of PED involving the macular area with a faint
hypofluoresecence in the early stage of the fluorescein
angiogram which increases progressively but stabilising in the
late phase, without leakage; tomographically (SpectralDomain Cirrus® OCT), a focal elevation and modulation of
the Retinal Pigment Epithelium (RPE) contour associated with
fluid and solid material beneath the elevation but without
coexistent shadowing;
(3) presence of metamorphosia.
The main exclusion criteria included:
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was 0,004% (n = 1)) in the pegaptanib injected group and
0,04% (n = 11) (P = 0.08).

(1) angiographic evidence of CNV associated with the
drusenoid PED;

Conclusions: Prophylactic use of intravitreal pegaptanib
immediately after phacoemulsification was effective in avoiding
cystoid macular edema after cataract surgery, in the short
term. The inclusion of intravitreal injection of pegaptanib in the
gold standard CME prophylaxys in complicated cataract
surgery cases (uveitis, vitreous loss, etc) has been considered
in further studies.

(2) prior treatment with photodynamic therapy, intravitreal
corticosteroids or VEGF-inhibitors (at any time), peribulbar
steroid injection (within the prior 6 months) or pars-plana
vitrectomy (at any time);
(3) history of uncontrolled glaucoma;
(4) intraocular pressure of 25 mmHg or more.
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Intravitreal Ranibizumab was injected at baseline and further
follow-up visits were scheduled quarterly. Retreatments were
administered when persistence or recurrence of PED was
evidenced in the Cirrus® OCT scan, or when symptoms
persisted or recurred.

HOMOZYGOSITY MAPPING IN A FAMILY WITH
ANOPHTHALMIA
A. Khorshidi1, H. Pal Singh2, O. Lehmann1,2
1

Medical Genetics, 2Ophthalmology, University of Alberta,
Edmonton, AB, Canada

Results: The mean follow-up was 61 weeks (15 months).
Symptoms disappeared in all cases after the first injection with
no further recurrences. Visual acuity improved 3, 19 and 2
ETDRS letters respectively. Two patients needed 2 additional
Ranibizumab injections and the other patient 3. No patient
showed progression of the macular disease towards atrophic
or neovascular changes through the follow-up.

Introduction: Anophthalmia is a developmental eye disorder
characterized by absent eyes. The condition is genetically
heterogeneous with a diverse aetiology ranging from
chromosomal and monogenic aberrations to environmental
causes. Knowledge of the molecular basis of the disease
would both improve understanding of key steps involved in
early ocular development and provide insight into underlying
causes of a range of ocular disease.

Conclusions: Intravitreal Ranibizumab is an effective therapy
for the management of drusenoid PED related to ARMD.
Further long-term randomized controlled trials are warranted to
provide us some guidelines to treat drusenoid PED before they
progress to atrophic or neovascular changes within the foveal
area where they are located and therefore, prevent the visual
loss associated with this phenomena.

Methods: DNA samples from a consanguineous family with 2
individuals affected by anophthalmia were genotyped with
illumina's 610 Quad SNP array. Homozygosity mapping and
copy number variation (CNV) analysis was performed with
PLINK and GenomStudio software, respectively to identify
regions of identity by descent (IBD). Candidate genes within
the homozygous intervals were selected based on their
function and expression pattern, as well as data from syntenic
regions in model organisms.
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PREVENTION OF POSTOPERATIVE CYSTOID MACULAR
EDEMA AFTER CATARACT SURGERY WITH
INTRAVITREAL PEGAPTANIB (MACUGEN ®): A PILOT
STUDY

Results: Genome-wide SNP genotyping identified 5
homozygous intervals greater than 1 Mb in size [1p36, 4q264q28.1, 13q12.11, 14q22.1-14q22.2, 15q26.2-15q26.3 and
19q13.12] that do not correspond with any of the known
anophthalmia-microphthalmia loci and contain a total of 199
genes. No copy number alterations were present in affected
individuals that segregated with disease status. Sequencing of
5 candidate genes (PRDM5, FGF2, SOS-2, POU2F2 and CIC)
did not identify any mutations.

M. Díaz-Llopis1,2,3, M. Moreno4, R. Gallego-Pinazo1,2, S.
García-Delpech1, D. Salom1
1

Ophthalmology, University Hospital La Fe, 2Centro de
Investigación Biomédica en Red de Enfermedades Raras
(CIBERER), 3Medicine, University of Valencia, Valencia,
4
Cataract Surgery, General Hospital, Castellón, Spain
Background and aims: To determine whether an intravitreal
pegaptanib injection after phacoemulsification can be effective
in preventing postoperative cystoid macular edema (CME)
following cataract surgery.

Conclusion: The homozygosity mapping approach employed
in this study was constrained by the pedigree's small size.
Nonetheless, we identified 5 regions of (IBD) and whilst none
of the developmental candidate genes studied underlies this
phenotype, this study extends the locus heterogeneity of
anophthalmia and indicates that a novel molecular cause
remains to be determined in this pedigree.

Methods: This was a prospective, randomized, single-masked
comparative
study
in
500
patients
undergoing
phacoemulsification
cataract surgery.
Patients
were
randomized to either the intravitreal pegaptanib or the control
group. Intravitreal pegaptanib was administered immediately
upon completion of/at the end of phacoemulsification surgery.
Control group eyes were injected with balanced salt solution.
Both groups undergone similar surgery ( corneal incision, time
of phaco, foldable acrylic IOL, etc.) and received the same
postoperative standard topical treatment during one month
(tobramycin-dexamethasone). Either complicated surgery
(vitreous loss, iris trauma, etc.) was excluded of the study.
Macular optical coherence tomography was determined before
surgery and at 4 weeks after surgery. The main outcome
measure was incidence of CME , defined as increased central
foveal thickness of 200 microns or more associated with
cystoid changes.
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DETERMINATION OF THE PATHOGENIC MECHANISM(S)
UNDERLYING OCULAR DYSGENESIS ASSOCIATED WITH
COL4A1 MUTATIONS
C. Labelle-Dumais1, D.J. Dilworth1, E. Harrington1, M.
DeLeau1, D. Lyons1, D.E. Michele2, D.B. Gould1
1

Ophthalmology, University of California San Francisco, San
Francisco, CA, 2Molecular and Integrative Physiology,
University of Michigan, Ann Arbor, MI, USA
Background and aims: Type IV collagen alpha 1 (COL4A1)
is a major component of basement membranes, and mutations
in the COL4A1 gene cause a vast spectrum of disorders in

Results: The incidence of CME 1 month after cataract surgery
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mice and humans, including various ocular defects. We have
recently identified COL4A1 mutations as a novel genetic cause
of muscle-eye-brain disease (MEB) and Walker Warburg
Syndrome (WWS), which belong to a subgroup of congenital
muscular dystrophy (CMD) with ocular involvement, in mice
and humans. Importantly, Col4a1 mutant mice display anterior
segment dysgenesis and optic nerve hypoplasia, two ocular
hallmarks of MEB/WWS. In these mice, mutant COL4A1 is
misfolded and not secreted, which can lead to toxic
intracellular accumulation of misfolded proteins and to
COL4A1 deficiency in the extracellular space, either of which
could have pathogenic consequences. Although 14 COL4A1
disease-causing mutations have been reported in humans so
far, the biosynthetic consequences of these mutations are
poorly characterized and in most cases, the pathogenic
mechanism remains unknown. This study aims to characterize
the pathogenic mechanism(s) underlying COL4A1-mediated
ocular dysgenesis using mouse models and human cell culture
assays.

Therefore, the present study aims at investigating the effect of
PlGF-1 on IOP.
Methods: 36 normotensive male albino rabbits were divided
into 3 groups, each with 6 treated and 6 control animals.
Treated and control animals received once-daily local dose to
the right eye of 20 µl of PlGF-1 (1 ng/µl) or balanced salt
solution (BSS) respectively. The intervention was done
through subconjunctival injection (2 mm away from upper
limbus), intrastromal injection (in upper cornea, 2 mm away
from limbus), or through controlled topical administration on
central cornea (using 5 mm cylinder, placed on central cornea)
for 1st, 2nd, and 3rd intervention groups respectively.
Interventions were done daily at 10:00 AM and IOP (Tonopen
AVIA, Reichert) and central corneal thickness (CCT) (SP 100,
Tomey) were measured three times daily at 11:00 , 16:00 and
22:00.
Results: The following results represent 11:00 AM
measurements in right eyes at 3 weeks after the initiation of
PlGF-1/BSS intervention. For subconjunctival intervention,
IOPs of the PlGF-1 treated group were higher than baseline
(10.17±2.04 vs. 8.83±0.75 mmHg; p: .1495) and control group
(10.17±2.04 vs. 8.67±0.52 mmHg; p: .1093). In contrast, for
intrastromal intervention, IOPs of the PlGF-1 treated group
were lower than baseline (6.17±0.98 vs. 9.17±0.75 mmHg; p:
.0039) and control group (6.17±0.98 vs. 9.33±1.37 mmHg; p:
.0039). Similarly, for topical corneal intervention, IOPs of the
PlGF-1 treated group were also lower than baseline
(6.67±1.21 vs. 9±1.26 mmHg; p: .0163) and control group
(6.67±1.21 vs. 8.83±1.72 mmHg; p: .0306). In the intrastromal
intervention, CCT measurements were 12.02 (p: .0039) and
5.07% (p: .0131) higher than baseline, for PlGF-1 and BSS
respectively. In subconjunctival and topical corneal groups,
differences in CCT from baseline were not statistically
significant.

Methods: We used immunohistochemical analyses to
investigate how Col4a1 mutations lead to ocular dysgenesis in
mice. To test the functional significance of newly identified
COL4A1 mutations in MEB/WWS patients, we established
human cell lines stably transfected with control or mutant
COL4A1 cDNAs and evaluated the relative levels of
intracellular and secreted mutant COL4A1 protein, and
therefore potential pathogenecity of COL4A1 mutations.
Results:
Immunohistochemical
analyses
revealed
mislocalization and increased apoptosis of retinal ganglion
cells in Col4a1 mutant mice. Functional analysis of confirmed
pathogenic mutations demonstrated a reduction in the ratio of
secreted to intracellular mutant COL4A1 compared to control
COL4A1. A similar decrease was observed in cells expressing
one of the newly identified WWS/MEB COL4A1 mutant
proteins.

Conclusions: The effect of PlGF-1 intervention on IOP was
dependent on its route of administration, implying opposite
effects on different ocular tissues related to aqueous secretion
and drainage.

Conclusions: These findings show that optic nerve
hypoplasia observed in Col4a1 mutant mice results, at least in
part, from mislocalization and increased apoptosis of retinal
ganglion cells and indicate that our mouse model constitutes a
useful tool for dissecting the cellular and molecular processes
underlying Col4a1-induced pathology. Moreover, we have
validated the functional assay we developed to test the
physiological relevance of COL4A1 mutations using known
pathogenic mutations and showed that one of the newly
identified MEB/WWS COL4A1 mutations interferes with
COL4A1 secretion. This system also constitutes a valuable
tool for characterizing the mechanisms underlying COL4A1induced diseases and could eventually be exploited to test the
efficacy of potential therapeutics.
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RETINAL HEMODYNAMIC RESPONSE TO MULTIPLE
MECHANISM INHALED GAS PROVOCATION IN HEALTHY
SUBJECTS
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1

Institute of Medical Science, University of Toronto,
Department of Ophthalmology and Vision Sciences, Toronto
Western Hospital, 3Department of Anaesthesiology, University
Health Network, Toronto, 4School of Optometry, University of
Waterloo, Waterloo, ON, Canada
2

P151
INTRAOCULAR PRESSURE AFTER LOCAL OCULAR
ADMINISTRATION OF VEGFR-1 AGONIST TO OCULAR
NORMOTENSIVE RABBITS

Purpose: To investigate the hemodynamic response of retinal
arterioles to hyperoxic hypocapnia and to graded hypoxic
hypercapnia stimuli in healthy subjects.

M. Abdulrazik1,2

Methods: Fifteen eyes from fifteen healthy subjects were
randomly selected to be enrolled in this study. The retinal
hemodynamic response was evaluated as the change from
baseline in retinal arteriolar diameter, blood velocity, and blood
flow, acquired with the Canon Laser Blood Flowmeter, model
100.

1

Ophthalmology, Faculty of Medicine, Al-Quds University,
Innovative Interventions, East-Jerusalem Eye Institute, EastJerusalem, Palestinian Authority
2

Purpose: Recently, it was reported that SPARC-null mice
have lower IOPs than their wild-type counterparts. SPARC
(secreted protein acidic and rich in cysteine) is a
multifunctional glycoprotein that belongs to matricellular group
of proteins. Reportedly, SPARC interacts with VEGFR-1 and
have been shown to act by suppression of signaling through
this receptor. Placenta Growth Factor-1 (PlGF-1) is a member
of the VEGF family that is a pure agonist of VEGFR-1. The
hypothesis for the study was that the interaction of PlGF-1 with
VEGFR-1 may counteract some of SPARC effects on IOP.

The vasoconstrictive provocation consisted of hyperoxic
hypocapnia and the graded vasodilatory provocations
consisted of hypoxic hypercapnia. These provocations were
administered in a randomized order and included a 15 minute
interval following hyperoxic hypocapnia to negate any
persistent oxygen-induced vasoconstrictive effects. A custom
model-based prospective end-tidal targeting system
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(RespirAct™, TRI, Toronto) was used to modify end-tidal gas
concentrations.

Tookad Soluble® may be the compound of choice for further
combination therapy with anti VEGF compound.

Three retinal hemodynamic measurements were acquired for
each provocation in the superior temporal arteriole at
approximately 1 disc diameter from the optic nerve head once
relevant systemic parameters had stabilized.
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KCHIP3 EXPRESSION AND KV4 REGULATION UNDER
HIGH GLUCOSE EXPERIMENTAL CONDITIONS IN
MÜLLER GLIAL CELLS

Results: Group mean blood flow was 9.8µL/min (SD = 3.1) at
baseline. During the vasoconstrictive stimulus there was a
22% reduction in blood flow (p< 0.01) and during the more
potent vasodilatory stimulus there was a 17% increase in
blood flow (p< 0.04). Interestingly, while the increase in
diameter during the less potent vasodilatory stimulus (p< 0.04)
was equivalent to the diameter during the more potent
vasodilatory stimulus, there was a compensatory trend for
blood velocity to increase resulting in no net change in flow.

E. Chavira Suárez1, A. Sandoval2, R. Félix3, M. Lamas1
1

Pharmacobiology, Center of Research and Advanced Studies
of the National Polytechnic Institute (CINVESTAV-IPN),
Mexico City, 2School of Medicine FES Iztacala, National
Autonomous University of Mexico (UNAM), 3Department of
Cell Biology, CINVESTAV-IPN, Mexico, Mexico

Conclusions: The difference in response between diameter
and velocity to the two vasodilatory stimuli is complex and may
reflect the relative competing influences of more than one
physiological mechanism, including myogenic and metabolic
driven vascular responses.

Müller cells are macroglial cells of the retina and they suffer a
number of modifications during diabetes that, we speculate,
could be important in the onset of diabetic retinopathy. These
modifications precede the microvasculature abnormalities and
the increases in apoptosis that characterize this pathology. We
have previously demonstrated that Müller cell cultures express
the
potassium
channel
Kv4
accessory
protein
KChIP3/DREAM/calsenilin. Co-immunoprecipitation analysis
demonstrates a protein-protein interaction between KChIp3
and Kv4 in these cells. Using molecular and cellular biology
techniques we demonstrate here that high glucose (25 mM)
experimental culture conditions induce KChIP3 expression and
electrophysiology analysis by whole cell recording of Müller
cells cultures under normoglycemic (5.6 mM) and
hyperglycemic (25 mM) experimental conditions demonstrates
that up-regulation of KChIP3 altered the inactivation of the
macroscopic outward K+ currents. These results were
corroborated in vivo in retinas of chemically-induced diabetic
rats by streptozotocine injection. Our data support the notion
that understanding the molecular mechanisms involved in
Müller glial cell responses both in health and disease might
help to develop efficient strategies against retinopathies.
Supported by CONACYT 79162.
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TOOKAD SOLUBLE: A NOVEL PHOTOSENSITIZER FOR
COMBINED TREATMENT OF AGE RELATED MACULAR
DEGENERATION
M. Berdugo-Polak1, B. Gaillac2, M. Savoldelli1, L. Jonet1, F.
Valamanesh1, J.-C. Jeanny1, F. Behar-Cohen1,3
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Introduction: Tookad Soluble® is a novel chemical entity of of
a new generation of hydrosoluble photosensitizer, with high
binding to albumin and pure focal intravascular effect. Its
efficacy and safety profile in AMD were evaluated in different
animal models, and compared with Visudyne PDT.
Material and methods: The efficacy of Tookad soluble was
evaluated in the normal rabbit choricapillaries and compared
with Visudyne PDT. Optimal parameters for selective
occlusion of neovessels were screened in the rat laserinduced CNV model. The mechanisms of action of Tookad
soluble were analyzed in a rat model of corneal neovessels
and compared with Visudyne effects. The safety and efficacy
of Tookad soluble was confirmed on monkey CNV. After
performing a phase I study, a phase IIa study included 22
patients and was completed to screen efficient and parameters
and draw the safety profile of Tookad soluble in patients.
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SUPPRESSION OF DRUSEN FORMATION BY
COMPSTATIN (POT-4), A PEPTIDE INHIBITOR OF C3
ACTIVATION, ON CYNOMOLGUS MONKEY WITH EARLYONSET MACULAR DEGENERATION
Z.-L. Chi1, T. Toshida1, K. Fujinami2, Y. Miyake2, A. Mizota3,
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Results: Tookad soluble induced an immediate and stable
occlusion of the normal rabbit choriocapillaries without
inducing collateral damages unlike Visudyne PDT which led to
constant RPE damages and variable lesions of the
photoreceptors. Using immunohistochemistry, we have
demonstrated that nitrosative stress is induced in and is
restricted to CNV endothelial cells at the illuminated site;
leading to a non- caspase dependent apoptosis. In CNV
models, using specific parameters, a rapid, selective and
stable occlusion of the CNV was observed without inducing
collateral damages. Unlike Visudyne PDT, Tookad Soluble®
did not induce increased leakage and inflammation.
Parameters efficient in monkey CNV were also efficient in
patient with sub foveal CNV from AMD.

Background and aims: We have previously reported a
cynomolgus (Macaca fascicularis) pedigree with early-onset
drusen formation discovered at the Tsukuba Primate Research
Center (TRPC). These monkeys develop pigmentary
disorders, drusen-like spots bilaterally at two years after birth
(Umeda et al., IOVS), and abnormal focal electroretinogram
(ERG). Drusen showed immunoreactivities for apolipoprotein
E, amyloid P component, complement component C5, the
terminal C5b-9 complement complex, vitronectin, and
membrane cofactor protein. Proteome analyses by LC-MS/MS
identified 60 proteins in drusen, including number of common

Conclusions: Unlike Verteporfin,Tookad Soluble® does not
cause direct damage to the RPE cell layer or overlying retina
and does not induce inflammation. Its safety profile is excellent
in patients.
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components with drusen in human AMD, such as annexins,
crystallins, immunoglobulins, and complement components
(Umeda et al., FASEB J, 2005). After finding the complement
cascade activation in drusen, we decided to evaluate the
complement component 3 (C3) inhibitor Compstatin (POT-4,
Potentia Pharmaceuticals, Inc.), a cyclic peptide to suppress
drusen formation in affected monkeys.

rodent fluorescein angiography images. Segmentation
accuracy was determined using hand-segmented images from
the DRIVE database. The accuracy of vessel segmentation in
ARIA was 93.7%, comparable to previously published retinal
vessel segmentation algorithms. ARIA, however, was much
faster in processing these images (>300 times). In order to
evaluate the reliability of the measurements produced by ARIA
we made use of the REVIEW database. This includes 16
images divided into four image sets, along with manual
diameter measurements made by 3 independent observers at
the same location in a vessel segment. ARIA outperformed
other algorithms both in terms of accuracy, with a reduced
standard deviation of measurement error (for example, < 0.4
pixels for the high resolution image set) and providing more
consistent mean diameter measurements.

Methods: All experimental procedures were approved by the
Animal Welfare and Animal Care Committee of the TRPC. The
facilities are accredited by the Association for Assessment and
Accreditation of Laboratory Animal Care International
(AAALAC International). Monkeys were routinely examined for
physical and ophthalmic conditions by veterinarians and by
ophthalmologists, respectively. Eight affected monkeys of age
3 to 16 years with various number of drusen in the macula
were selected for this study. Compstatin (POT-4) was injected
into vitreous at 50µg/100µl (low dose) weekly for 12 months or
1mg/100µl (high dose) monthly for 3 months. Fundus image
was captured every month for 12 months by digital and analog
fundus cameras (Genesis-D; Kowa, Japan). Several monkeys
were sacrificed to develop retina sections of full eye.

Conclusions: The software described here fully automates
the analysis of vessel diameters in a range of retinal images.
Because of its focus on efficiency, it is capable of processing
high resolution images without the need for downsampling. We
thank the European Social Fund for financial support.

Results: Fundus images taken 6 months after initiation of
treatment show a blurring of drusen contour. By 12 months, a
number of drusen disappeared. The retina sections show no
obvious abnormality after 12 month of low and high dose of
Compstatin (POT-4) treatment.
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AQUEOUS HUMOR VASCULAR ENDOTHELIAL GROWTH
FACTOR VARIATIONS SECONDARY TO INTRAVITREAL
BEVACIZUMAB INJECTION IN NEOVASCULAR AGERELATED MACULAR DEGENERATION PATIENTS

Conclusion: This preliminary experiment has shown reversal
of drusen formation by suppression of complement activation.
Possibility to the dry-type AMD treatment of complement
component inhibitors was suggested.

R. Dell'Omo, M. Romano, A. Porcellini, F. Aceto, C.
Costagliola
Università degli Studi del Molise, Campobasso, Italy
Purpose: To evaluate the vascular endothelial growth factor
changes secondary to intravitreal bevacizumab injection (IVB)
in patients affected by neovascular age-related macular
degeneration.
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AUTOMATED RETINAL IMAGE ANALYSER (ARIA): NEW
SOFTWARE FOR THE DETECTION AND MEASUREMENT
OF RETINAL VESSEL DIAMETERS

Methods: Fifty eyes of 50 patients with neovascular agerelated macular degeneration received 3 monthly intravitreal
injections of 1.25 mg bevacizumab. Patients were observed for
6 months, and the logarithm of minimal angle of resolution
best-corrected visual acuity (BCVA) and central foveal
thickness were recorded monthly over the follow up period,
whereas aqueous vascular endothelial growth factor was
assessed before the first injection and monthly, for three
months.

P. Bankhead, N. Scholfield, G. Mcgeown, T. Curtis
Centre for Vision and Vascular Science, Queen's University of
Belfast, Belfast, UK
Background and aims: Retinal vessel diameter is of interest
to physiologists looking to better understand the regulation of
retinal blood flow, and to ophthalmologists interested in the
prediction, diagnosis or progression of ocular disease.
However, full automation of the accurate quantification of
changes in retinal vessel calibre is difficult because of large
variations in image type, size and quality. In practice,
measurements are still frequently obtained using semiautomated computer-assisted methods, which can be both
laborious and open to user-bias. Here, we introduce
Automated Retinal Image Analyser (ARIA) software, which has
been purposely designed to facilitate fast, accurate and
repeatable measurements of retinal vessel diameters in a
variety of retinal image types.

Results: A significant correlation was found between central
foveal thickness reductions at 6 months and BCVA
improvement, as well as between VEGF levels and clinical
findings. Eyes with persistent angiographic leakage at 3
months had significantly higher baseline aqueous vascular
endothelial growth factor levels compared with eyes without
leakage.The VEGF reduction obtained after the first injection
was maintained by the other 2 IVB.
Conclusion: Baseline aqueous vascular endothelial growth
factor level might have a role in predicting angiographic
response after bevacizumab injections. Moreover, in this
series of ours, the levels of VEGF recorded after the first
injection represented the lowest achievable with this treatment.

Methods: ARIA achieves fast vessel segmentation by
thresholding wavelet coefficients produced by the isotropic
undecimated wavelet transform (IUWT). The segmented
image is then cleaned by removing small objects or filling
holes based upon their area, and the centreline for each
vessel segment defined using a morphological thinning
operation. A least squares spline is then fitted to each
centreline. The derivative of the spline-fit provides a means to
evaluate accurate vessel orientations at any point, and image
(pixel) profiles are created perpendicularly across the vessel
using linear interpolation. Vessel edges are detected using a
'half-height' method and diameter measurements output for
every pixel along each vessel segment.
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THE EFFECT OF INTRAVITREAL INJECTION OF
BEVACIZUMAB ON RETINAL CIRCULATION IN PATIENTS
WITH NEOVASCULAR MACULAR DEGENERATION
O. Fontaine1,2, S. Olivier1, D. Descovich1, G. Cordahi1, E.
Vaucher2, M.R. Lesk1

Results: We have tested ARIA using both human fundus and
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component) was assayed by ELISA (Cell Signaling Tech.) at
both time points, and protein carbonyls were assayed at 24 h
using the Oxyblot assay (Chemicon).

Purpose: Intravitreal (ITV) injection of VEGF inhibitors like
bevacizumab is widely used to treat neovascular macular
degeneration (AMD). However, VEGF is essential for biologic
functions such as blood pressure regulation. Indeed, antiVEGF intravenous administration is associated with
hypertension. Therefore, the effect of ITV bevacizumab on
retinal circulation was studied.

Results: In untreated cells, broadband light exposure
produced a biphasic increase in NF-κB activation at 1 hr and
24 hr, and an increase in protein carbonylation at 24 h.
Pretreatment of the cells with RES or UA (at ≥2 µM) did not
change the amount of p-NF-κB at 1 hr post-exposure; but
significantly reduced it by 24 hr post-exposure (p < .01). RES
pretreatment reduced the amount of protein carbonyls by up to
50% in exposed cells.

Methods: 23 patients with neovascular AMD were recruited
and treated with 3 repeated ITV injections of bevacizumab.
Blood arteriolar diameter and flow measurements were
performed with the Canon Laser Blood Flowmeter at baseline,
one week after the first injection, just prior to the second
injection and 5 weeks after the third injection. Scanning Laser
Doppler Flowmetry was used to assess the effect of
bevacizumab on tissue perfusion.

Conclusions: Both of the phytochemicals reduced oxidative
stress/damage markers in treated RPE cells. The treatmentresistant increase in p-NF-κB at 1 h may represent activation
of pre-existing, cytoplasmic transcription factor. RES may
confer protection by acting as a direct anti-oxidant, while UA,
which lacks oxidizable substitutents, may interact with
receptors and modulate cell signaling pathways. These
observations suggest a possible role for these phytonutrients
in ocular health.

Results: Arteriolar diameter decreased from 122.5 ± 14.5 µm
to 118.9 ± 14.0 µm (p=0.03) during the first week to reach a
mean value 117.2 ± 13.7 µm at the end of the study (p< 0.01).
Arterial blood flow decreased not significantly during the study
from 11.0 ± 3.6 µL/min to 10.0 ± 2.7 µL/min (p=0.08).
Neuroretinal rim (RIM) perfusion decreased from 181.1 ± 84.1
a.u. to 167.7 ± 76.5 a.u. which was borderline significant
(p=0.06). No significant change was observed in the
peripapillary retina.

Acknowledgments: Supported by a UT System/SALSI grant
to the TX Consortium for Chronic Disease Prevention
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MODULATION OF RETINAL/CHOROIDAL BLOOD FLOW IN
RATS BY PHARMACOLOGICAL AGENTS : A LASER
DOPPLER FLOWMETRY (LDF) STUDY

Conclusion: Arteriolar diameter decreased significantly one
week after the first injection and persisted until the end of the
study suggesting a long term effect of bevacizumab on
vascular tone. However, the change in arteriolar blood flow did
not reach statistical significance. A borderline significant
decrease in RIM perfusion was observed and suggests that
the RIM could be more sensitive than the peripapillary retina to
the effects of bevacizumab.

S. Hetu1, G. Cordahi2, R. Couture3, E. Vaucher1
1

School of Optometry, 2Ophtalmology, 3Physiology, Université
de Montréal, Montreal, QC, Canada
Purpose: Laser Doppler Flowmetry (LDF) is a non-invasive
technique commonly used to assess retinal and choroidal
blood flow in humans. This study aimed at testing the
usefulness of this technique for the assessment of retinal
blood flow in rats under hypercapnia and after
pharmacological interventions. The relative contribution of the
choroid circulation in the LDF signal was determined after
retinal arteries occlusion by photocoagulation.
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THE PHYTONUTRIENTS, URSOLIC ACID AND
RESVERATROL, REDUCE PHOTOCHEMICAL DAMAGE IN
RETINAL PIGMENT EPITHELIAL CELLS

Methods: Male Wistar rats (200-250g) were anesthetised with
urethane (1.2 mg/kg, i.p.), placed in a stereotaxic apparatus
and their pupils dilated (atropine 1%). In these conditions, no
ocular movements were observed. The LDF probe (Moors
Instruments, 1 emitting fibre, 8 collecting fibres) was placed in
contact with the cornea, parallel with the optic axis. Blood
pressure and heart rate were monitored continuously and
hematologic parameters were measured. Hypercapnia was
induced by inhalation of CO2 (8% in medical air) while
adenosine (2µM), sodium nitroprusside (10 µM) and
endothelin-1 (1µg/mL) were injected intravitreously (5 µL). The
corneal was maintained humid with topical application of saline
throughout the experiment.

R. Glickman, N. Kumar
Ophthalmology, University of Texas Health Science Center at
San Antonio, San Antonio, TX, USA
Background: Certain phytochemicals, such as the stilbene,
resveratrol (RES, found in red grapes and berries), and the
triterpenoid, ursolic acid (UA, found in waxy berries and herbs
such as rosemary and oregano), are reported to have
antioxidant, anti-inflammatory, and anti-proliferative effects. In
a cellular model of photo-oxidative stress, we examined two
endpoints: upregulation of NF-κB as a general indicator of
oxidative stress, and the production of protein carbonyls as an
indicator of specific cellular damage. Pretreatment of retinal
pigment epithelial (RPE) cells with these compounds reduced
both endpoints after exposure to broadband light.

Results: Blood flow was significantly increased by
hypercapnia (19%), adenosine (14%) and sodium
nitroprusside (16%), yet decreased by endothelin-1 (11%).
Photocoagulation of retinal arteries decreased by 33% from
baseline blood flow values (P< 0.001).

Methods: The hTERT-RPE cell line was grown under
standard cell culture conditions. To induce photo-oxidative
stress, the cells were exposed for 7.5 min to the broadband
(UVA-VIS) output of a 150 W Hg vapor arc lamp at 18
mW/cm2. This exposure regime has been shown to produce
photochemical damage in RPE cells (Glickman et al., Proc.
SPIE 5695:260, 2005). Pure RES was obtained from MP
Biologicals and UA from Sigma-Aldrich. One hour before light
exposure, RPE cells were treated with these compounds
separately at concentrations of 0.1 to 10 µM in phenol-free
growth medium. Following light exposure, cells were incubated
for 1 hr or 24 hr, and harvested. Phosphorylated NF-κB (p65

Conclusion: Results show that LDF represents a suitable
non-invasive technique to monitor online quantitative changes
of retinal blood flow in response to pharmacological stimuli in
vivo. This technique could be used to assess vasoreactivity of
retinal vessels in ocular diseases.
This study was supported by FRSQ Vision Research Network.
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cultured with 20% porcine serum in normal glucose (NG; 5 mM
D-glucose) or high glucose (HG; 25 mM D-glucose) for 72 h.
D-Mannitol (HM; NG + 20 mM D-mannitol) was used as an
osmotic control. Intracellular free Ca2+ concentration ([Ca2+]i)
was monitored using Fura-2 microfluorimetry. mRNA and
protein expression for TRPV4 were assessed using
quantitative real time RT-PCR, immunohistochemistry and
Western blotting. For gene knockdown studies, BRECs were
transfected with control (scrambled) or custom-designed
bovine TRPV4 siRNA (Qiagen, UK).

LONG TERM USE OF BOTULINUM TOXIN IN TREATMENT
OF HEMIFACIAL SPASM AND BLEPHAROSPASM AND
RELATION TO PATIENT AGE
K. Kaplowitz, T. Prager, B. Wong
Ophthalmology, University of Texas Medical Branch
Galveston, Galveston, TX, USA
Purpose: Blepharospasm and Hemifacial Spasm are both
facial dystonias that are treated with

Results: TRPV4 expression was initially characterised under
NG conditions. Strong immunoreactivity was detected for
TRPV4 channels localised to the plasma membrane of
BRECs. The TRPV4 agonist, 4aPDD increased [Ca2+]i in 20/34
BRECs, that typically reached a peak within 3-5 minutes and
then declined ~50% to new steady-state plateau level. The
steady state [Ca2+]i response was reduced to resting levels by
removal of extracellular Ca2+ or by application of ruthenium red
(10mM), but was not blocked by nifedipine (1mM).
Transfection of BRECs with siRNA specific for TRPV4, but not
scrambled siRNA, led to a decrease in TRPV4 mRNA and
protein expression, which was accompanied by loss of the
4aPDD-induced [Ca2+]i response. We next examined the
effects of HG on mRNA expression in BRECs. TRPV4
transcripts were approximately 50% less abundant in BRECs
after exposure to HG compared with NG and HM controls.
Using Western blotting, we also confirmed that TRPV4
expression was appreciably lower in cells treated with HG.
Functional downregulation of TRPV4 channels was evaluated
using Ca2+ microfluorimetry. High glucose was associated with
a substantial decrease in the percentage of cells responding to
4-aPDD.

repeated injections of botulinum toxin to the affected muscles,
thus abating the efferent arc of the pathway1. This study was
designed to evaluate whether age correlates with the amount
of botulinum toxin needed for symptomatic control in these two
diseases.
Methods: After obtaining approval from the UTMB Institutional
Review Board, a retrospective chart review of UTMB
ophthalmology patients from 1992-2009 with a diagnosis of
hemifacial spasm or blepharospasm who were treated with
botulinum toxin was completed. Patients were excluded if their
treatment map changed with the addition of a new injection
site, or if they underwent surgical treatment for the spasms.
Data collected included age, gender, diagnosis, previous
surgery, dates and amount of botulinum toxin injected.
Descriptive statistics and linear regression analyses were
performed.
Results: Fifteen eligible patients were identified: seven with
blepharospasm and eight with hemifacial spasms. Among
patients with blepharospasm, analysis revealed an inverse
correlation (r=-0.2, p=0.38) between the age at initial injection
and the total number of units of botulinum toxin given over the
first year of treatment. For hemifacial spasm, there was also
an inverse correlation (r=-0.24, p=0.57).

Conclusions: These results demonstrate that TRPV4
channels act as functional Ca2+ entry pathways in retinal
endothelial cells. Furthermore, they show that the expression
and function of TRPV4 channels is downregulated in retinal
endothelial cells under hyperglycaemic conditions. Changes in
TRPV4 expression may contribute to retinal endothelial cell
dysfunction in diabetic retinopathy.

Conclusions: The correlations derived in this pilot study
suggest that the initial dose given to patients could be tailored
by their age. This was a retrospective study with a small
number of patients available. Nonetheless, this pilot study
suggests preliminary conclusions that could be confirmed by a
larger study. Giving a higher amount of botulinum toxin to
younger patients would allow clinicians to more quickly and
safely arrive at the correct dose needed for symptomatic
control for each patient.

We thank the JDRF for financial support.
P163
RETINAL VESSEL PULSATIONS IN RUNNERS
H. Kergoat1,2, J.V. Lovasik1, M.-J. Kergoat2,3, N. Racine3,4, M.
Parent1

1. Kenney C, Jankovic J. Botulinum toxin in the treatment of
blepharospasm and hemifacial spasm. J Neural Transm 2008;
115: 585-591.
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Background and aims: In an earlier study we reported a
facilitation of neurovascular coupling in the retina in long-term
runners versus controls. This was concluded from a smaller
vasodilation to a standard flicker stimulus, and larger resting
vessel diameters. In the present study we compared the
amplitude and temporal attributes of micropulsations found
atop real-time measurements of retinal vessel diameters in
runners and non-runners (controls).

HYPERGLYCAEMIA DOWNREGULATES TRPV4 CHANNEL
EXPRESSION IN RETINAL ENDOTHELIAL CELLS
C. Kelly, M. Mcgahon, N. Scholfield, G. Mcgeown, T. Curtis
Centre for Vision and Vascular Science, Queen's University of
Belfast, Belfast, UK
Background and aims: Endothelial dysfunction is thought to
contribute directly to the pathogenesis of diabetic retinopathy.
Presently, the molecular mechanisms underlying endothelial
dysfunction in diabetes are not fully understood. TRPV4
channels have been shown to play an essential role in
endothelial-dependent vasodilation in various vascular beds.
In the present study, we have characterised the molecular and
functional expression of TRPV4 channels in retinal endothelial
cells under both normal and high glucose conditions.

Methods: Volunteers for this study consisted of 20 runners
and 20 control subjects matched for age (51.4 ± 8.9 yrs vs
50.4 ± 9.2 yrs) and the ocular perfusion pressure (44.5 ± 8.1
mmHg vs 44.3 ± 8.1 mmHg). Flicker induced changes in the
caliber of retinal vessels were measured with a Retinal Vessel
Analyzer (Imedos, Germany). The amplitude and frequency of
the micropulsations riding on retinal vessels were measured
with a custom program (AVP). The differences in amplitude
and frequency of micropulsations in test and control subjects
were assessed for significance by ANOVAs, alpha= 0.05.

Methods: Bovine retinal endothelial cells (BRECs) were
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correlations between the change in magnitude of vascular
reactivity from baseline to follow-up across all groups.
However, the change in magnitude of vascular reactivity in
terms of blood velocity was correlated with vWF ag in patients
of group 3 only (r=0.78, p=0.02).

Results: The group averaged arterial (2.67 ± 0.07 vs 2.36 ±
0.07 µ) and venous (4.53 ± 0.11 vs 3.46 ± 0.11 µ)
micropulsations were larger in runners than controls (p<
0.0001). In contrast, the micropulsation frequency was lower
(p< 0.0001) in runners (56.1 ± 0.24 bpm) than in the controls
(70.6 ± 0.24 bpm). The frequency of the micropulsations
measured at the level of retinal vessels was very similar to the
one measured for the brachial pulse in both runners (51.4 ±
1.68 bpm) and non-runners (68.4 ± 1.63 bpm).

Conclusion: Systemic markers of vascular inflammation were
elevated in patients with increasing severity of NPDR
suggesting an increased inflammatory activity with DR
progression. E-selectin is correlated with impaired retinal
vascular reactivity response suggesting that early
inflammatory activity is associated with impaired vascular
reactivity in patients with NPDR. This study also suggests that
endothelial dysfunction marker vWF antigen is a potential
predictor of downstream retinal vascular properties in patients
with moderate-to-severe NPDR.

Conclusions: Our results indicate that the lower heart rate
and increased cardiac output found in long term runners is
also reflected at the ocular level. The retinal vasculature in
runners is characterized by large pulse amplitude but low
pulse frequency during each cardiac contraction. Therefore,
for similar levels of ocular perfusion pressure, runners have a
more efficient blood delivery system than non-runners for
meeting the metabolic needs of the retina.
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THE EFFECT OF KR-31831 IN RAT MODELS OF CORNEAL
AND CHOROIDAL NEOVASCULARIZATION
I.T. Kim1, J.S. Choi2, C.-K. Joo1
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RETINAL VASCULAR REACTIVITY AND SYSTEMIC
MARKERS OF INFLAMMATION/ENDOTHELIAL
DYSFUNCTION IN TYPE 2 DIABETES

Purpose: The effects of KR-31831 in the rat model of corneal
neovascularization and choriodal neovascularization (CNV)
were investigated.

L.-A. Khuu1,2, O. Puzyeyeva2, J. Flanagan1,2, T. Wong1,2, W.C.
Lam2, S.N. Markowitz2, R. Devenyi2, M. Brent2, M.
Mendelcorn2, C. Hudson1,2

Methods: Corneal neovascularization was induced by suture
technique and silver nitrate cauterization in a rat. Topical
administration of 0.5mg/ml KR-31831 and 5mg/ml
bevacizumab were done 2 times a day. Corneal
neovascularization was compared by grading system and
expression of VEGF and its receptor in the cornea were
compared. In the silver nitrate cauterization model, 0.1 mg/ml
of KR-31831 and 10mg/ml of bevacizumab were applied
topically and subconjunctivally. Subconjuctival injection and
subconjunctival injection with topical administration were
compared. Laser induced CNV was also induced. Intravitreal
or intraperitoneal injection of KR-31831 and bevacizumab
were compared. Dextran-FITC were used to observe the
vessels of the choroid.

1

Science, University of Waterloo- School of Optometry,
Waterloo, 2Dept. of Ophthalmology and Vision Science,
University of Toronto, Toronto, ON, Canada
Purpose: To investigate the association, if any, between
retinal vascular reactivity and systemic markers of
inflammation and endothelial dysfunction in non-proliferative
diabetic retinopathy (NPDR) at baseline and over 6 month
time.
Method: The sample consisted of 36 type 2 diabetes patients
with NPDR and 10 control subjects (mean age 56.0±11.36yrs).
Patients were divided into mild-to-moderate (n=22,
61.1±8.8yrs) and moderate-to-severe (n=14, 61.7±11.2yrs)
NPDR based on stereo fundus photography in accordance
with ETDRS criteria. At a baseline visit, retinal vessel
diameter, velocity and blood flow were assessed in the
supero-temporal arteriole using the Canon Laser Blood
Flowmeter (CLBF). Retinal vascular reactivity was quantified
as the difference in hemodynamic parameters between
baseline and hyperoxic provocation. At least, six
measurements were acquired at each phase. At the baseline
visit, forearm blood samples to derive systemic levels of
intercellular adhesion molecule-1 (ICAM-1), vascular adhesion
molecule-1 (VCAM-1), E-selectin, high sensitivity C-reactive
protein (hs CRP) and von Willebrand factor antigen (vWF ag)
were collected. Baseline retinal vascular reactivity was
compared between groups and correlated with each systemic
marker of endothelial dysfunction / vascular inflammation. At a
6 month follow-up visit, retinal vascular reactivity was
reassessed. The change in the magnitude of vascular
reactivity between the baseline and the follow-up visit was
correlated with baseline systemic markers of endothelial
dysfunction / vascular inflammation.

Results: In the suture-induced corneal neovascularization
model, KR-31831 and bevacizumab effectively reduced the
grade of neovascularization in the cornea. And the level of
VEGF and VEGF receptor level were significantly reduced. In
the silver nitrate cauterization rat, subconjunctival injection of
KR-31831 and bevacizumab effectively reduced corneal
neovascularization and with additional topical administration,
more reduction of corneal neovascularization was induced. In
the CNV model, intravitreal and intraperitoneal injection of KR31831 and bevacizumab reduced the CNV fluorescence
intensity and CNV area compared to the control group.
Conclusions: KR-31831 seems to be a potent inhibitor of
neovascularization in the cornea and choroid. No
complications were observed after its application and the
effect was comparable with bevacizumab, both in the cornea
and the choroid.
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Results: ICAM-1 (ANOVA, p=0.016) and E-selectin (p=0.006)
were elevated in patients with diabetes compared to controls,
as was A1c (p< 0.002). Although there was a tendency for
vascular reactivity to reduce with increasing NPDR severity,
the response was not different between groups. At baseline,
the magnitude of vascular reactivity in terms of retinal blood
velocity was correlated with E-selectin across the two groups
with diabetes (r=0.34, p=0.04). There were no significant

MECHANISMS OF ARACHIDONIC ACID-INDUCED
MODULATION OF RETINAL VASCULAR TONE
J. Kur, G. McGeown, T.M. Curtis, Dr Curtis's Research Group
Queen's University, Belfast, UK
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Background and aims: Neurovascular coupling regulates
retinal blood flow in response to changes in neuronal activity.
Arachidonic acid (AA) released from glial cells is believed to
play an important role in this process. This study investigated
AA's actions on retinal arterioles.

to-noise ratio makes it difficult to separate small amplitude
sparks from noise artefacts. We set out to construct an
automated spark detection algorithm appropriate for confocal
Ca2+-linescan images from retinal vessels.
Methods: Arterioles were mechanically isolated from freshly
dissected rat retinas, loaded with the acetoxymethyl ester of
the Ca2+-indicator fluo-4, and imaged at 37˚C using a Biorad
confocal scanning laser mounted on a Nikon Diaphot inverted
microscope. System noise characteristics were assessed
using fluo4 free acid in physiological solution using different
Ca2+-concentrations, and a range of laser power, image gain
and pinhole aperture settings.

Methods: Adult male Sprague-Dawley rats were euthanized
and retinal arterioles were mechanically isolated. Arteriolar
diameter was assessed using pressure myography (McGahon,
Dash et al. 2007 Circ Res 100(5): 703-11). Ca2+-signals were
imaged using confocal linescans of arterioles pre-incubated
with fluo-4AM. The whole-cell perforated patch voltage clamp
technique was used to record membrane currents from
myocytes embedded in the arteriole wall but electrically
isolated using brief enzyme treatment. Data was summarized
(mean±SEM) and the significance level of observed
differences tested.

Results: Analysis of the noise characteristics of the system
demonstrated that it was Poisson in distribution, i.e. the noise
variance increased as mean fluorescence increased.
Previously published spark-detection algorithms assume that
the image noise is Gaussian with a fixed variance throughout
but this does not necessarily apply in confocal linescans. They
also assume that sparks arise from a constant baseline,
whereas the baseline varies over a period of several seconds
in arteriolar smooth muscle (Ca2+-oscillations). We have
addressed these issues using a wavelet-based variance
stabilisation technique. Preliminary tests indicate that the use
of a more accurate noise model means that our algorithm
offers improved detection accuracy in any linescan containing
sparks, particularly at low signal-to-noise ratios and with a
variable background fluorescence.

Results: AA (10µM) increased the diameter of rat retinal
arterioles pressurized to 70mmHg by 5.65±0.96% (p< 0.001,
ANOVA). Consistent with this dilatory effect, AA (10µM)
inhibited Ca2+-signalling in arteriolar myocytes, decreasing the
fraction of smooth muscle cells displaying spontaneous Ca2+oscillations from 43.2±6.4% to 15.7±4.5% (P< 0.05, Wilcoxon
signed-rank test). The average oscillation frequency in active
cells was also decreased, from 0.057±0.005 cell-1 s-1 to
0.038±0.006 cell-1 s-1 in the presence of AA (P< 0.05, Mann
Whitney U-test). Eicosatetraenoic acid (ETYA), a nonmetabolizable analogue of AA, also dilated pressurised
vessels (7.48±1.36%, p< 0.001) and reduced the percentage
of cells generating Ca2+-oscillations (from 38.7±7.1 to
18.1±3.8%, p< 0.05). We tested whether these effects could
result from activation of hyperpolarizing K+-currents. AA
accelerated the inactivation of the A-type KV current and
shifted the voltage dependence of inactivation to more
negative potentials reducing the steady-state window current
close to the resting potential. AA greatly increased largeconductance Ca2+-activated K+-currents at positive membrane
potentials, but not in the negative potential range expected
under physiological conditions.

Conclusions: Existing Ca2+-spark detection algorithms
perform poorly when applied to Ca2+-images of myocytes in
retinal arterioles. The algorithm presented here uses waveletbased variance stabilisation to limit the impact of Poisson
noise and baseline variability. This allows detection of small
events in relatively low signal-to-noise images, greatly
facilitating research into local Ca2+-signalling events in retinal
vessels.
Acknowledgement:
studentship.

Conclusion: AA dilates pressurised arterioles by inhibiting
Ca2+-oscillations in myocytes. These effects are mimicked by
ETYA, suggesting that AA-metabolite formation is not
required. The effects of AA on voltage- and Ca2+-activated K+currents cannot explain the inhibition of Ca2+activity and
vascular tone, which may reflect a direct action on Ca2+release.
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PRE-SYNAPTIC CALCIUM CHANNELS IN
PHOTORECEPTORS: LATERAL MOVEMENTS AND
PHYSIOLOGICAL IMPLICATIONS

This work was funded by Fight for sight, UK and JDRF, USA.

A. Mercer, W. Thoreson
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Ophthalmology & Visual Sciences and Pharmacology &
Experimental Neuroscience, University of Nebraska Medical
Center, Omaha, NE, USA
Neurotransmission from photoreceptors to second-order
retinal neurons requires a close proximity (< 100 nm) between
voltage-gated L-type Cav channels and synaptic vesicles, and
modifying this distance can alter synaptic strength. We
examined the lateral mobility of Cav channels in the plasma
membrane by studying the ribbon-style active zone of
photoreceptor synapses in Ambystoma tigrinum retina. To
visualize single Cav channels, we coupled nm-scale quantum
dots (QD) to the extracellular α2δ4 subunit of Cav channels. We
confirmed
the
specificity
of
the
antibody
using
immunohistochemistry and live cell imaging. The antibody
stained the synaptic terminals of photoreceptors and colocalized with the synaptic vesicle marker, SV2. To measure
diffusion kinetics, we captured images of single QD-tagged
Cav channels and tracked their position (50 ms/frame). The
diffusion coefficient (D) of Cav channels did not differ
significantly in rod and cone photoreceptors and averaged
0.27 µm2/s (N=24). Plotting mean square displacement as a
function of time shows a profile consistent with confinement in
a limited domain. The size of the confinement domain (9 x 10-2
µm2) is approximately twice the area beneath a synaptic

AN ALGORITHM FOR THE AUTOMATED DETECTION OF
CALCIUM SPARKS IN CONFOCAL LINESCAN IMAGES OF
RETINAL ARTERIOLES
P. Bankhead, N. Scholfield, T. Curtis, G. McGeown
Centre for Vision and Vascular Science, Queen's University
Belfast, Belfast, UK
Background and aims: Calcium sparks are brief,
spontaneous and highly localised Ca2+- release events. First
observed in cardiac muscle, they have been recorded in
skeletal and smooth muscle as well. We recently published the
first high-speed Ca2+- imaging data from retinal arteriolar
smooth muscle (Curtis et al. (2004) Invest Opthalmol Vis Sci
45, 4409-4414). In contrast with arteries, in which Ca2+-sparks
lead to dilatation, our data showed that summation of Ca2+sparks can generate global Ca2+- rises in arterioles, causing
vasoconstriction. Such studies rely upon the accurate
detection and analysis of changes in spark frequency and
properties under controlled conditions. Manual analysis is time
consuming and prone to user bias, as the relatively low signal-
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ribbon. Next, we sought to characterize how the architecture at
the pre-synaptic membrane can affect channel mobility. We
found that actin disruption with cytochalasin-D (20 µM)
increased diffusion 2.4-fold (D = 0.64 µm2/s, P=0.043, N=12)
and cholesterol depletion using methyl-β-cyclodextrin (10 mM)
caused a 4.7-fold increase (D = 1.19 µm 2/s, P=0.004, N=19).
Lastly, we hypothesized that neurotransmission would alter
CaV channel mobility since the fusion of synaptic vesicles will
increase membrane surface area near CaV channels. We used
a strong depolarizing test pulse (-70 mV to -10 mV, 100 ms) to
stimulate release of the readily releasable pool and found an
increase in mean square displacement that averaged 1.51 x
10-2 ± 7.50 x 10-3 µm2 after stimulation. In summary, we have
established a novel single particle tracking technique to
characterize the basic biophysical properties and physiological
implications of CaV channel diffusion at the photoreceptor
synapse. Our results indicate that CaV channels at the base of
the synaptic ribbon exhibit lateral mobility within a restricted
domain somewhat larger than the base of the ribbon.
Disrupting the cytoskeleton or lipid rafts expands this domain,
suggesting these structures help keep channels near the
ribbon. Neurotransmission can cause ~150 nm jumps in CaV
channel position which may be sufficient to alter the efficiency
of calcium-dependent exocytosis. Supported by NIH-EY10542
and a UNMC Fellowship.

Conclusion: In NV-AMD patients that have received 3 or
fewer previous injections, intravitreal ranibizumab results in
arteriolar vasoconstriction and a reduction in centerline
velocity and blood flow.
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PROSTAGLANDIN/PROSTAMIDE F SYNTHASE
EXPRESSION IN HUMAN EYES
L. Millard1, K. Watanabe2, A. Shimada3, D. Woodward4, W.
Stamer1
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Aims: Prostaglandin F2α (PGF2α) and prostamide F2α (PMF2α)
analogs significantly lower intraocular pressure (IOP) in
humans by increasing aqueous humor outflow. Recently, an
enzyme that catalyzes the reduction of prostaglandin H2 to
prostaglandin F2α and prostamide H2 to prostamide F2α was
characterized in mice and named prostamide/PGF synthase
(PM/PGFS). Unfortunately, the human ocular distribution of
this enzyme is unknown. We hypothesized that PM/PGFS is
expressed by cells located in the two primary routes for
aqueous humor outflow in the human eye.

P169
RETINAL BLOOD FLOW IN NEOVASCULAR AGERELATED MACULAR DEGENERATION PATIENTS
FOLLOWING AN INTRAVITREAL RANIBIZUMAB
INJECTION

Methods: Post-mortem human eyes were perfusion fixed with
10% paraformaldehyde, embedded in paraffin, sectioned and
stained for PM/PGFS expression. In parallel, tissues and cells
from fresh human donor eyes were isolated and probed for
PM/PGFS expression using western blot analysis. Trabecular
meshwork (TM) cells were isolated from human donor tissue
and PM/PGFS enzyme activity was analyzed using an activity
assay measuring the conversion of PGH2 to PGF2α by thin
layer chromatography.

J. Micieli1, T. Wong1, W.-C. Lam1, M. Brent1, R. Devenyi1, C.
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Ophthalmology and Vision Sciences, University of Toronto,
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Purpose: To determine the effect of an intravitreal injection of
ranibizumab on retinal arteriole and venule diameter, blood
velocity and flow in neovascular age-related macular
degeneration (NV-AMD) patients. Secondly, to determine if the
the number of previous injections received influences this
response.

Results: Histological analysis of human ocular sections
revealed positive staining for PM/PGFS in the retina, ciliary
body, ciliary muscle, trabecular meshwork, corneal epithelia,
conjunctiva and retina. Protein expression of PM/PGFS was
verified in isolated trabecular meshwork, ciliary muscle, lens,
retinal pigmented epithelia, retina and iris by western blot
analysis. PM/PGFS enzyme activity of TM cell membranes
was 0.21 nmol/min·mg of protein.

Methods: A total of 15 neovascular AMD patients were
recruited and grouped according to the number of previous
injections received. Group I was comprised of 7 NV-AMD
individuals (mean age 72.0, SD=8.8 years) who had received
3 or fewer ranibizumab injections, Group II included 8 NVAMD patients (mean age 71.9, SD=7.4) and who had received
more than 3 prior ranibizumab injections. An additional group
of 4 non-nevoascular AMD patients (mean age 80.0, SD=2.8
years) was also included. The Canon Laser Blood Flowmeter
(CLBF) was used to measure vessel diameter, centerline
velocity and blood flow within 2 disc diameters of the optic
nerve head along the superior temporal arteriole and venule.
Measurements were obtained immediately prior to a
scheduled ranibizumab injection and immediately before the
next monthly injection (Group I mean follow-up 37.7 days,
SD=6.5; Group II mean follow-up 36.7 days, SD=7.1).

Conclusions: Data show that PM/PGFS has a wide ocular
expression pattern, including tissues responsible for controlling
intraocular pressure in the human eye. Thus, the machinery to
synthesize both prostaglandin and prostamide F2α is present
and active in outflow tissues.
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ALDOSE REDUCTASE INHIBITION COUNTERACTS
RETINAL ISCHEMIA-REPERFUSION INJURY
I. Obrosova1, Y. Maksimchyk1, E. Agardh2, M.-L. Smith2, A.
El-Remessy3, C.-D. Agardh2
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Results: The 3 groups of patients did not exhibit a difference
in baseline retinal arteriole diameter (one-way ANOVA,
p=0.057) or retinal venule diameter (p=0.53). Only NV-AMD
patients in Group I experienced a significant decrease in
retinal arteriolar diameter, velocity and flow at the monthly
follow-up compared to baseline (paired t-test, p< 0.05). No
changes in the diameter, velocity or flow in the venule were
observered in either of the 3 groups. At follow-up, no
difference was observed in the retinal arteriolar diameter
among the 3 groups of patients (one-way ANOVA, p=0.10).

Background and aims: Evidence for the important role of
increased activity of the sorbitol pathway of glucose
metaboism in ischemia-reperfusion injury is emerging. We
evaluated the effects of retinal ischemia-reperfusion injury and
aldose reductase (AR) inhibition with the potent and specific
AR inhibitor fidarestat (F) on apoptosis, aldose reductase (AR)

189

and sorbitol dehydrogenase (SDH) protein expressions,
sorbitol pathway intermediate concentrations, and oxidativenitrosative stress.

relationship between blood oxygen saturation and age
(Pearson correlation, r = - 0.536, p=0.027). Blood oxygen
saturation parameters decreased with increasing age. The
estimation of coefficient of repeatability and variability was
performed in 10 subjects. The group mean COV of oxygen
saturation was 4.5 % and individual values varied from 2.6 6.8% (relative to a mean of 87.3%). The group mean COR
was 8.8% and individual values varied between 4.2-15.8%
relative to a mean effect of 87.3%.

Methods: The experiments were performed on female Wistar
rats, body weight 200-250 g, divided into groups pre-treated
with either vehicle (V, N-methyl-D-glucamine), or F. Both V
and F were administered for 3 consecutive days at the dose of
32 mgkg-1d-1 i.v., via the right jugular vein. Part of V- and Ftreated rats were subjected to 45-min retinal ischemia (I)
followed by 24 h of reperfusion. Ischemia was induced 30 min
after 3-d V or F administrations. Retinal changes were
evaluated by immunohistochemistry, Western blot analysis,
and enzymatic spectrofluorometric assays.

Conclusions: This study demonstrated a negative
relationship between age and measured blood oxygen
saturation in healthy individuals. The repeatability and
variability results showed that measurements are repeatable
with minimal variability. Further studies are needed to evaluate
blood oxygen saturation in an aging population with vascular
diseases.

Results: Retinal ischemia-reperfusion resulted in a
remarkable increase in retinal cell dealth. The number of
TUNEL-positive nuclei increased 48-fold in I+V compared with
V (p < 0.01), and this increase was partially prevented in I+F
(6-fold lower vs I+V, but still 8-fold higher than in V, p< 0.01 for
both comparisons).

Funding provided by Vision Science Research Program
Scholarship; Canadian Institutes of Health Research;
Anonymous Donor

AR protein expression was increased by 19% in I+V vs V (p <
0.05), and this increase was prevented by F. SDH and nitrated
protein expressions were similar among the four groups.
Retinal sorbitol concentrations tended to increase in I+V but
the difference with V did not achieve statistical significance (p
= 0.08). Retinal fructose concentrations were 2.2-fold greater
in I+V vs V (p < 0.05). Pre-treatment with F of rats subjected to
ischemia reduced retinal sorbitol concentration to the levels in
V. Retinal fructose concentrations were reduced by 41% in I+F
vs I+V (p=0.0517), but remained 30% higher in I+F vs V.
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SIMULATION OF THE OUTFLOW PATHWAY IN THE
HUMAN EYE
S. Roy, A. Schmocker, P. Reymond, O. Varloudis, A.
Villamarin, M. Alkharfane, R. Hasballa, N. Stergiopulos
LHTC, Swiss Federal Institute of Technology, Lausanne,
Switzerland

Conclusions: Increased sorbitol pathway activity is implicated
in retinal ischemia-reperfuison injury. Fidarestat suppresses
ischemia-reperfusion
related
retinal
cell
death
by
mechanism(s) that involves inhibition of increased sorbitol
pathway activity, but appears independent from oxidativenitrosative stress. The results provide rationale for
development of AR inhibitors for treatment of retinal ischemiareperfusion injury.

The eye structure and function highly depend on the stability of
the intraocular pressure (IOP). Glaucoma is an ophthalmic
disease that can potentially lead to irreversible blindness.
Glaucoma results from optic nerve damages due to persistent
elevated IOP. Aqueous humour production, drainage and
resistance to egress are the key elements that determine the
IOP. After travelling from the posterior to the anterior chamber,
the aqueous humour passes through the trabecular meshwork
to collect into Schlemm's canal, where collector channels
eventually drain into the venous system. The highest
resistance to egress is located at the outer portion of the
trabecular meshwork and inner wall of Schlemm's canal. In
this work we intended to simulate the basic geometry and
physiological parameters that determine the aqueous humour
dynamics and the IOP values. A 3-D modelling of the human
eye was made based on histology from a donor eye.
Reconstruction of the eye structure was made from a stack of
slices. Great attention was given to details in the geometry of
the trabeculum, Schlemm's canal and the collector channels.
Visualisation of the Schlemm´s canal was also performed
using contrast agent injected in the eye while performing micro
CT-scan imaging including a 3-D reconstruction. Using a
Matlab program, the pressure distribution in the eye was
computed based on the reconstructed structures. Flow was
computed using Poisseuille's law. The 3-D modelling was
meshed by ICEM Ansys before being implemented using
Fluent 6.3. 2-D and 3-D meshes were obtained. Aqueous flow
modelling showed the pressure distribution from the posterior
and anterior chambers, the trabeculum, Schlemm's canal and
the collector channels. Most of the resistance to aqueous
egress occurred at the level of the trabeculum and Schlemm's
canal where the pressure drop was the greatest. Refinements
in the mesh density would greatly enhance the quality of the
modelling. Structure reconstruction of the Schlemm´s canal
would enable a better simulation of the outflow pathway based
on real structures. In conclusion this simulation of the outflow
pathway in the human eye provides interesting data about the
pressure drop and the localization of the main resistance to
aqueous egress. It could serve as a set-up to further design
filtering procedures, to test novel glaucoma surgery techniques
as well as to implement new and innovative glaucoma filtering
devices.
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RELATIONSHIP BETWEEN BLOOD OXYGEN
SATURATION AND AGE IN HEALTHY INDIVIDUALS
O. Puzyeyeva1, S. Duench2, T. Simpson2, C. Hudson1,2
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Purpose: The microvasculature of conjunctiva is a unique
system of connected vessels and capillaries that can be
observed non-invasively. The aim of the study was to
determine the relationship between blood oxygen saturation
and age in healthy individuals.
Methods: To assess oxygen saturation in the temporal
conjunctival vessels, a series of sequential images of
conjunctival vessels were acquired. A digital camera (Nikon D
200) embedded in the optical system of a slit lamp (Nikon FS3) was used to acquire images at two different wavelengths,
440 nm (oxygen sensitive) and 570 nm (oxygen insensitive).
Analysis of the images comprised estimation of optical density
(based on reflected intensities inside and outside the vessel),
optical density ratio and haemoglobin blood oxygen saturation.
The parameters of oxygen saturation and age of the
participants were correlated using Pearson correlation
coefficient. The variability (CoV) and repeatability (CoR) of the
measurements were also estimated.
Results: The sample comprised 17 healthy individuals (7
males, 10 females; mean age 39.9, SD 12.3, range 24-59).
Pearson correlation co-efficient analysis showed a negative
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RELATIVE VASCULAR REACTIVITY IN THE MAJOR
RETINAL ARTERIOLES RESULTING FROM THE USE OF
TOPICAL MYDRIATIC AGENTS

15DOXY-DELTA12, 14-PROSTAGLADIN J2 INDUCE
CENTRAL CHOROID ATROPHY AND RETINAL
DYSFUNCTION IN ANIMAL MODELS OF RETINOPATHY
OF PREMATURITY

E. Tsui1, M. Sehi2, J. Wan1,3, T. Wong1, S. Dorner4,5, J.
Fisher5, C. Hudson1,3
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Purpose: To compare the magnitude of vascular reactivity at
equivalent measurement sites at the superior and inferior
temporal arterioles of the retina in response to a metabolic gas
provocation and in response to different mydriatic agents: 1%
tropicamide; a combination of 0.8% tropicamide and 5%
phenylephrine; and 1% cyclopentolate.

Retinopathy of prematurity (ROP) is a world wide health issue
which represents the major cause of blindness in pediatric
populations. Although the disease is thought to stem from
abnormal retinal vasculature development, more and more
clinical studies revealed geographical discrepancies between
areas of retinal vessel loss and those of retinal functional
compromise. Here we investigate if choroidal impairment
accounts for the discrepancy observed between retinal
vascular degeneration and the functional changes in the rat
model of oxygen induced retinopathy (OIR). Since
prostaglandin D2 (PGD2) is a highly expressed critical
modulator of new born choroid autoregulation and its nonenzymatic dehydration product 15deoxy-D12, 14- prostaglandin
J2 (15d-PGJ2) is anti-inflammatory and anti-angiogenic, 15dPGJ2 have been investigated as potential inducer of
choroidopathy associated with OIR. Two different OIR models
(80% O2 or 50%/10% (24hr cycles) from postnatal day (P) 1P14) were used to mimic ROP. Retinal functions of OIR
animals and room air raised controls were assessed by
multifocal electroretinogram (mfERG) at P60. Vasculature
thicknesses were determined by immunohistochemistry on
cryo-sagittal sections and choriocapillary vessel densities and
morphologies were accessed by eye corrosion casts under
scanning electron microscopy (SEM). Vessel leakage was
quantified following intra-cardiac injections of Evans blue.
Levels of 15d-PGJ2 were measured by ELISA immunoassay
and external 15d-PGJ2 was delivered intravitreally to normal
animals for its in vivo cytotoxic effects on choroidal vasculature
and ibuprofen was delivered intraperitoneally. Pronounced and
predominantly central decay of choroidal vascular thickness
and choriocapillary vessel density was detected in OIR rats
accompanied by increased choroid vessel leakage. As
detected by mfERG, this choroidopathy translated to a
significant neuronal dysfunction largely restricted to the central
retina.
Corespondingly,
15d-PGJ2
levels
increased
dramatically during the first week of high oxygen exposure
coinciding with the initial apoptotic processes in the choroid.
Confirmation of 15d-PGJ2 cause choroid atrophy was obtained
after its intraocular administration in normal animals that
compromised choroidal vasculature in an analogous manner
to OIR. Furthermore, blocking synthesis of prostaglandin
precursors by systemic administration of ibuprofen preserves
choroid vessels under high oxygen exposure.

Methods: One randomly selected eye of each of 10 healthy
volunteers (age 22.6±3.1) was prospectively enrolled.
Volunteers were asked to attend for 3 visits. At visit 1, pupils
were dilated using 1% tropicamide, at visit 2 using a
combination of 0.8% tropicamide and 5% phenylephrine and at
visit 3 using 1% cyclopentolate. At each occasion, volunteers
were connected to a sequential gas delivery circuit
(RespirActTM, Thornhill Research Inc., Toronto, Canada) and
underwent a gas provocation protocol consisting of 2 phases.
Baseline was achieved with gas flow adjusted to a PETCO2 of
38mmHg. Hyperoxia was achieved at a PETO2 of 500mmHg
with PETCO2 clamped at 38mmHg. The Canon Laser Blood
Flowmeter (CLBF-100, Canon, Japan) was used to acquire
four measurements at equivalent sites along the superior
temporal (STA) and inferior temporal arterioles (ITA) at
baseline and also during the hyperoxic phase. Linear mixedeffect models for repeated measures using JMP software (v.
8.0, SAS Inc., Cary, NC) were performed.
Results: During the hyperoxic phase, blood vessel diameter,
centerline velocity and blood flow decreased in the STA
(p=0.02, p< 0.001, p< 0.001, respectively) and the ITA
(p=0.02, p=0.003, p=0.007, respectively). The amount of
change in diameter, velocity and flow due to hyperoxia was not
different between the STA and ITA (p=0.5, p=0.7, p=0.2,
respectively). The vascular reactivity responses of STA
diameter, velocity and flow were the same (p=0.8, p=0.9,
p=0.9) for the three mydriatic agents. The vascular reactivity
responses of ITA diameter, velocity and flow were also the
same (p=0.5, p=0.7, p=0.3, respectively) for the three
mydriatic agents.
Conclusions: The magnitude of vascular reactivity of the
superior temporal and inferior temporal arterioles is similar at
equivalent measurement sites. Additionally, the three mydriatic
agents investigated in this study do not have differing effects
on the retinal vascular reactivity response to hyperoxia. This
implies that the vascular regulatory response of the retinal
arterioles can be reasonably derived from a single
measurement site without the mydriatic agents influencing the
measurements.

In conclusion, we demonstrated, for the first time, that
exposure of subjects to high oxygen during early development
causes central retinal malfunction secondary to central choroid
avascularization. Such process is 15d-PGJ2 dependant and
we propose that effective future therapeutic strategies against
ROP should take preservation of choroid into consideration.
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EFFECTS OF BAICALEIN ON TRANSEPITHELIAL
ELECTRICAL PARAMETERS AND FLUID FLOW OF
PORCINE CILIARY BODY
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curves of the eight IOLs were obtained by using a PerkinElmer Lambda 800 UV/VIS spectrometer. This apparatus can
measure the spectrum from 200 nm onwards, which means
that spectral transmissions in UVA, UVB and part of UVC are
accurately determined (precision is up to 1 nm). The air was
taken as a reference to measure transmittance.

Objective: Baicalein, a major flavonoid derived from the
medicinal herb Scutellariae radix, is multifunctional: it is antiinflammatory, anti-tumor and it can modulate ion transport. It is
a common used component in traditional Chinese medicine.
This study aimed at investigating the effect of baicalein on the
transepithelial electrical parameters and fluid flow of isolated
porcine iris-ciliary body.

Results: Around 7.1 j/cm2 of UVA and 0.04 j/cm2 of UVB reach
our eyes at the Mediterranean latitude, with a mean annual
solar radiation intensity of 500 j/cm 2. The UV filters
incorporated into most of the IOLs we analysed filter all the
UVA + UVB, however some of them incorporate a filter that
lets approximately 52% of UVA and 2.6% UVB through. This
means that these IOLs let 3.7 j/cm 2 of UVA and 0.01 j/cm2 of
UVB through to the retina; these values, although low, start to
be significant.

Methods: Fresh native porcine CBE preparation was mounted
in a modified Ussing chamber. The effect of baicalein on the
transepithelial electrical parameters and fluid flow across CBE
was determined.
Results: The application of baicalein on aqueous side induced
a concentration-dependent reduction in short circuit current
(Isc), while it caused no significant change when added to the
blood side. Baicalein (100microM) on aqueous side decreased
the baseline Isc by 51% (n=10). Bilateral pretreatment of
bumetanide (100microM , a NKCC inhibitor) reduced the
inhibition of baicalein to 23%±5%(n=7); while it was almost
abolished by pretreatment of NFA(1mM, a chloride channel
blocker, n=5) and bilateral chloride substitution (7mM, n=7).
Staurosporine pretreatment (1 microM) also dramatically
decreased the effect of baicalein to 8%±3% (n=5). Fluid flow
rate experiment showed that baicalein (100microM, aq) could
also inhibit the fluid flow rate across CBE by 31%±7% (n=6).

Conclusions: On average, the eye receives, in principle, a
low amount of UVA +UVB at the Mediterranean latitude, but it
can increase significantly under snowy conditions and at high
altitudes. Exposure duration under these conditions can also
play an important role. The vast majority of UV filters
incorporated into IOLs are totally effective as they filter all the
UVA and UVB; however, there are some exceptions.
Acknowledgement: Supported by Cátedra Alcon-Universitat
de València
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Conclusion: These data showed that baicalein can evoke an
inhibition of the Isc and fluid flow rate of porcine ciliary body.
Decrease of Isc is possibly due to the modulation of chloride
transport across the porcine ciliary body and protein kinases
are likely involved.

IGF-1R/NFΚB SIGNALING PLAYS A CRUCIAL ROLE
DURING INITIATION OF LENS CELL DIFFERENTIATION
S. Basu, J.L. Walker, A.S. Menko
Pathology, Anatomy and Cell Biology, Thomas Jefferson
University, Philadelphia, PA, USA

Grant support: Gaucoma Niche Fund (J-BB76), RGC GRF
(B-Q04F), PolyU research fund (G-YG14), State Key Lab fund
(I-BB80).

Background and aims: Our previous studies show that the
canonical mitochondrial death pathway is required for the
initiation of lens cell differentiation. This pathway is able to act
as a molecular switch in differentiation without causing
apoptosis because of the concurrent induction of survival
molecules in the Bcl-2 and the Inhibitor of Apoptosis Protein
(IAP) families. This study investigates IGF-1 receptor (IGF-1R)
as the upstream regulator of Bcl-2 and IAP family survival
molecules, and therefore of lens cell differentiation, through its
activation of the transcription factor NFκB
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AMOUNT OF UVA AND UVB RADIATION THAT CAN
REACH THE EYES AT THE MEDITERRANEAN LATITUDE:
FILTER PERFORMANCE OF INTRAOCULAR LENSES

Methods: Activation of IGF-1R was blocked using
Picropodophyllin (PPP, 1µM), a specific inhibitor of IGF-1R, in
both D10 chicken whole lens ex vivo cultures and in primary
quail lens cell cultures that mimic lens cell differentiation as it
occurs in vivo. Activation of NFκB was blocked with SN50
inhibitor (18µM) in primary lens cell cultures. Expression of
Bcl-2, Bcl-XL, survivin, ch-IAP1/2, NFκB, active NFκB, IGF-1R
and activation of IGF-1R were determined by Western blot
analysis. Subcellular localization of NFκB was determined by
confocal imaging of immunostained samples and cell
fractionation studies. Induction of apoptosis was determined
using cleaved caspase-3 and TUNEL staining.
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Background and aims: The biological effects of solar
radiation have only been associated with ultraviolet A and B
(UVA and UVB). Its effect on living beings does not only
depend on its spectral composition, but also on its intensity
and exposure duration. Although there is only limited evidence
showing that exposure to solar UVB causes cortical and
subcapsular cataracts and that ultraviolet radiation, and even
blue light, cause or speed up age-related macular
degeneration (AMD), the World Health Organization (WHO)
recommends protection of the skin and eyes against UV
radiation. This study determines the mean intensity of UVA +
UVB radiation that reaches our eyes at the Mediterranean
latitude and the effectiveness of the UV filters incorporated into
different IOLs against such radiation.

Results: In primary lens cell cultures expression of IGF-1R
and NFκB are induced coordinate with differentiation initiation.
Blocking the activation of IGF-1R decreased the expression
and activation of NFκB and blocked its translocation to the
nucleus. This was accompanied by a concomitant decrease in
the expression of survival molecules like Bcl-2, Bcl-XL, cIAP1/2 and survivin, the induction of apoptosis and a block in
lens differentiation initiation. Inhibiting IGF-1R activation in
whole lens ex vivo cultures caused formation of cortical
cataracts in the region of initiation of differentiation and was
accompanied with reduced expression of NFκB and its
downstream survival molecules including Bcl-2, Bcl-XL, cIAP1/2 and survivin. Studies with the SN50 inhibitor support

Method: The data on the overall solar radiation and the UVA +
UVB that we have used were collected throughout the year in
the Mediterranean area of Valencia (Spain). The transmission
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the role of NFκB activation in this IGF-1R pathway, as
expression of the survival molecules like ch-IAP1/2 and
survivin are blocked leading to apoptotic cell death.

Human nuclear cataract formation is a multifactorial disease
with contributions to scattering from many cellular sources that
change their scattering properties over decades. The aging
process produces aggregation of cytoplasmic crystallin
proteins, which alters the protein packing and texture of the
cytoplasm. Previous studies of the cytoplasmic texture
quantified increases in density fluctuations in protein packing
and theoretically predicted the corresponding scattering.
Multilamellar bodies (MLBs) are large particles with a core of
crystallin cytoplasm that have been suggested to be major
sources of scattering in human nuclei. The core has been
shown to condense over time such that the refractive index
increases compared to the adjacent aged and textured
cytoplasm. Electron tomography has been used in this study to
visualize the 3D arrangement of protein aggregates in aged
and cataractous lens nuclear cytoplasm compared to the
dense protein packing in the cores of MLBs. Thin sections, 70100 nm thick, were prepared from epon and LR White
embedded human transparent donor lenses and nuclear
cataracts. Tilt series were collected on an FEI T20 TEM
operated at 200 kV using 15 nm gold particles as fiduciary
markers. Images were aligned and corrected with FEI software
and reconstructed with IMOD and other software packages to
produce animated tilt series and stereo anaglyphs. The 3D
views of protein density show the relatively uniform packing of
proteins in aged transparent lens nuclear cytoplasm and open
packing of aged cataractous cytoplasm where many low
density regions can be appreciated in the absence of the TEM
projection artifacts. In contrast the cores of the MLBs showed
a dense packing of protein with minimal density fluctuations.
These observations support the conclusion that, during the
normal aging process, alterations in protein packing are
extensive and result in great density fluctuations. Aging
causes the MLB cores to become increasingly different in their
protein packing from the adjacent cytoplasm and these results
support the hypothesis that the MLBs increase their scattering
with age and nuclear cataract formation.

Conclusion: IGF-1R/NFκB signaling plays a crucial role in the
survival pathway that regulates the mitochondrial death
pathway during initiation of lens cell differentiation so that it
acts as a signal for differentiation initiation and not apoptosis
during lens development.
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REVERSIBILITY EFFECTS OF ML-7 ON LENTICULAR
ACCOMMODATION
V. Choh, S. Luck
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Canada
The arrangement of caldesmon, myosin light chain kinase
(MLCK), f-actin and myosin at the posterior surface of the lens
resembles a “two-dimensional muscle”, raising the question of
whether the cytoskeletal proteins play more than a passive
role in accommodation. The purpose of this study was to
determine whether an MLCK inhibitor such as 1-(5Iodonaphthalene-1-sulfonyl)-1H-hexahydro-1,4-diazepine
hydrochloride (ML-7) could affect lenticular accommodation.
The ciliary muscle in chickens is skeletal therefore ML-7 would
presumably only affect the lenticular cytoskeleton and not
ciliary muscle contraction. Eyes of 6 day old White Leghorn
chicks were enucleated with the ciliary nerve and ganglion left
intact. One eye of each bird was treated with either 1 µM, 10
µM or 100 µM ML-7, while the other was treated with vehicle.
The eye was then rinsed (3 x 10 min wash) before being
pinned to a Sylgard® washer and placed into a glass chamber.
To determine whether effects were due to possible reversibility
effects during the rinse stage, in a separate experiment, ML-7and vehicle-treated eyes were left unrinsed prior to being
scanned. The chamber was placed into a scanning laser
monitor and filled with 20% fetal bovine serum in Tyrode´s
saline to visualise refracted beams. Back vertex focal lengths
of the eye were measured before and during stimulation (30
Hz, 0.1-1.5 mA) of the ciliary nerve. ML-7 effects on
accommodation were equivocal. While accommodative
amplitudes did not differ depending on dosage of ML-7
(p=0.8076), amplitudes in ML-7-treated eyes were smaller
than those of their fellow vehicle-treated eyes (p=0.0289).
Results for accommodative amplitudes of eyes without rinsing
were even more equivocal; without a rinse, ML-7- and vehicletreated eyes exhibited similar accommodative amplitudes
(p=0.8268). However, the differences between pairs of eyes
were opposite (p=0.0159); accommodative amplitudes in ML7-treated eyes were smaller by an average of -2.40 ± 3.38 D
for those that were rinsed, while amplitudes were greater by
+0.53 ± 4.25 D for eyes that were not rinsed. The reason for
these opposite effects remains unclear. Presumably, the
different effects are related to binding and/or reversibility
properties of ML-7. More investigations are needed to
determine the true effects of ML-7 on lenticular
accommodation. This work was supported by NSERC and
COETF.
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CATARACT SURGERY AND THE CIRCADIAN RHYTHM
J. Cunha1, T. Paiva2, A. Castanheira-Dinis3
1

Neuro-Ophthalmology, Centro Hospitalar Lisboa Central,
Clinical Electroencephalography and Neurophysiology
Centre, 3Visual Sciences Research Centre - Faculty of
Medicine of Lisbon (University of Lisbon), Lisbon, Portugal
2

The process of aging is a factor that influences on many
aspects the circadian and sleep-wake regulating system. The
prevalence of disrupted sleep complaints is much greater in
older people than it is in young people.
The cataract surgery with implantation of a intraocular lens
(IOL) may revert or maintain the alterations due to the yellow
colouring that lens acquires in older ages depending on the
filter used in the IOL (ultraviolet versus ultraviolet and yellow
cromophoro). The main objectives of this study are: to analyse
the effect of cataract surgery in the sleep-wake rhythm and to
compare the influence of two types of IOL filters on those
results.

P204

We made a prospective study in patients with bilateral
cataract. Each select patient was studied in two phases. In a
first phase we made the record of the variables on study: sleep
quality questionnaire, sleepiness scale and actigraphic
recording of 7 days before the surgery. The patients were
divided in two groups: group 1 - bilateral cataract surgery with
IOL UV bilateral implantation and group 2 bilateral cataract
surgery with IOL UV + A. After the second surgery, in a
second phase we recorded the same variables to compare

ELECTRON TOMOGRAPHY OF THE DENSE CORES OF
MULTILAMELLAR BODIES IN HUMAN TRANSPARENT
AND NUCLEAR CATARACTOUS LENSES
M. Costello1, M. Weber1, S. Metlapally1, K. Gilliland1, D.
Balasubramanian2, S. Johnsen3
1

Cell and Developmental Biology, University of North Carolina
at Chapel Hill, Chapel Hill, NC, USA, 2L. V. Prasad Eye
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each patient (before and after the surgery) and the 2 groups
after surgery.

ROTATION EFFECT ON OPTICAL QUALITY OF TORIC
INTRAOCULAR LENSES

Of the 16 patients 12 were female and 4 male, with 74.6 years
mean age. Medium average acuity with correction was 0.2 in
phase 1, with post-operative improvement to 0.88.

A. Felipe1,2, J.M. Artigas1,2, A. Díez-Ajenjo1,3, M.C. GarcíaDomene1, P. Alcocer1, A. Lanzagorta1

On the Sleepiness Scale, 6 patients were identified with
pathological results, three were doubtful and 7 normal in the
first stage. After surgery these figures improved to 5 doubtful
and 11 normal. The questionnaires on the quality of sleep
indicated that 10 out of 16 patients had poor sleep against only
2 in study phase 2.

1

Fundación Oftalmológica del Mediterráneo (FOM), Valencia,
Optica, Universidad de Valencia- Facultad de Física,
Burjassot, 3Optica, Universidad de Valencia- Facultad de
Física, Valencia, Spain
2

Background and aims: To evaluate the optics quality loss
originated by a rotation of the toric intraocular lens (IOL).

The actigraphic records improvement in one or more
parameters was achieved in 12 out of the 16 patients (75%).
Rhythm regularity improved in 37.5% of patients, daytime
drowsiness improved in 50% and insomnia in 42.5%. We did
not find any statistical significant difference between the two
groups after surgery in any variable studied.

Method: Lens power modification, increment of aberration
effects and any other consequence of a toric IOL rotation
influencing the lens image quality are inevitably reflected in the
modulation transfer function (MTF) profile. For this reason, we
determined the MTF of a toric SN60T5 Alcon IOL (+21.0D) at
orientations from 0º to 30º in steps of 5º and with pupils of
3mm and 5mm. The measurements were performed
introducing the lens in a wet cell containing physiological
solution; this cell associated to an artificial cornea form an eye
model that simulate in vivo conditions (recommended by the
ISO standards). The OPAL Vector System (Image Science
Ltd.) record the cross-line spread function (LSF). The MTF
was calculated from the LSF using fast Fourier Transform
techniques.

We concluded that bilateral cataract surgery improves sleepwake rhythm and the IOL yellow filter has not negative impact
in that recovery.
P206
EXPRESSION AND ROLE OF CADM1 IN THE MOUSE
LENS

Results: The teoric variations of both sagital and tangencial
lens power are very light for small angles until 10º (about
±0.25 D), and even we could consider acceptable rotations
until 20º if only teoric residual refraction on residual
astigmatism would be considered. However, axe cylinder
rotation implicates more than changes in power and refractive
correction. The MTF of a toric lens shows a decay of about a
50% when rotated 10º with 5mm of pupil and 45% with pupil of
3mm. This amount of MTF decay is enough to produce a
significant decrease in patient visual acuity as Felipe et al.
shown. (Journal Cataract and Refractive Surgery, 2010)
Considering that without rotation effect (0º), the MTF
measured with 5mm of pupil is already a 25% lower than the
MTF with pupil of 3mm, because of the increment of aberration
effect with the pupil size; it is then evident that with a rotation
of 10º the optics quality becomes poor with 5mm pupil. When
the IOL rotation was of 5º the MTF decay is of about 20-25%
both with 3 and 5 mm of pupil. This percentage is just in the
limit of tolerance to MTF decay, more than this value can
produce a decrement in patient visual capabilities.

A. De Maria1, Y. Shi1, X. Luo1, L. Van der Weyden2, L. David3,
S. Bassnett1
1

Washington University, School of Medicine, St Louis, MO,
USA, 2Wellcome Trust Sanger Institute, Cambridge, UK,
3
Oregon Health Science University, Portland, OR, USA
Cadm1 (aka Syncam1, Tslc1, SglGSF and IGSF4), is a
calcium-independent cell adhesion protein that belongs to the
immunoglubulin superfamily. Cadm1 has been implicated in
spermatogenesis, tumor suppression and synapse formation.
In a recent analysis of the membrane proteome of fiber cells
(Mol Vis, 15:2448) we identified Cadm1 as a surprisingly
abundant integral membrane protein in the lens. In the current
study we investigated the expression pattern of Cadm1 in the
lens and the lens phenotype of Cadm1-null mice.
We used the progressive lysis technique in conjunction with
western blotting to demonstrate that Cadm1 was present in
epithelial and superficial fiber cells as a heavily N-glycosylated
protein with an apparent molecular mass of about 80 kDa.
Analysis of proteins from the various lens strata indicated that
Cadm1 was degraded during fiber differentiation, at
approximately the same time as the lens organelles, an
observation confirmed subsequently by confocal microscopy.
In epithelial cells, Cadm1 was enriched in basolateral
membranes, whereas in fiber cells, expression was restricted
to the lateral membranes. Lenses from Cadm1-null mice were
transparent and appeared normal on gross inspection. Fiber
cells in the cortex of wildtype-lenses have an undulating
morphology. However, in Cadm1-null lenses the amplitude of
the fiber undulations was significantly increased, suggesting
alterations in the fiber cell cytoskeleton. Preliminary coimmunoprecipitation studies suggest that Cadm1 interacts with
several actin cytoskeleton-associated proteins.

Conclusions: 10º of rotation radically alter the optics quality
of a toric IOL, which is particularly poor with 5mm of pupil.
With lens rotations of 5º or lower the MTF decay is under the
tolerance limit and lens quality keeps good.
Acknowledgement: Supported by Cátedra Alcon-Universitat
de Vàlencia
P208
THE ASP ISOMERS AFFECT THE PROPERTIES OF ΑACRYSTALLIN MIMIC PEPTIDE
N. Fujii, N. Fujii, M. Kida, T. Kinouchi

In summary, Cadm1 is an abundant component of lens
epithelial and fiber membranes. Although dispensable for
tissue transparency, out data suggest that Cadm1 has an
important role in regulating the cytoarchitecutre of the lens.

Division of Radiation Life Science Research Reactor Institute,
Kyoto University, Osaka, Japan
Background and aims: Proteins have been considered to
consist exclusively of L-amino acids in living tissues. However,
our previous studies showed that two specific aspartyl (Asp)
residues in αA- and αB-crystallins, respectively, from human
eye lenses invert to the D-isomers to a high degree during

Research supported by RPB and NEI (EY09852 and
EY018185 to SB)
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- αSMA (Sigma) were used as primary antibodies. Expression
of MRTF-A and αSMA was then observed.

aging. The reaction is also accompanied by isomerization into
a form containing β-Asp (isoaspartate) residues. The
appearance of D - and β-Asp in protein potentially induces
large changes to the higher order structure of the protein as
well as its function. However, it remains unclear whether the
formation of the Asp isomer is the direct trigger of the change
to the higher order structure and function. In this study, in
order to clarify the effect of the inversion to D-isomers in a
protein, we synthesized peptides corresponding to 70-88
(KFVIFLDVKHFSPEDLTVK) of human αA-crystallin and its
corresponding diastereoisomers in which Lα-Asp was replaced
with Lβ-Asp, Dα-Asp, and Dβ-Asp residue at position 76 and
compared their biochemical properties with that of normal
peptide. We choose this peptide because it has been well
characterized by Sharma et al. and corresponds to the β3 and
β4 region present in the α-crystallin domain of sHSP16.5 and
functions as the chaperone sites of αA-crystallin.

Results: In both the untreated FHL124 cells and rat lens
explants MRTF-A was found to be expressed in the cell
cytosol. Following stimulation with TGFβ, MRTF-A had
translocated to the nucleus in both cell types. It was observed
that following the same time of treatment, translocation of
MRTF-A to the nucleus was seen in a greater number of cells
when the higher concentration of TGFβ was used. Similarly,
we observed an increased number of cells with nuclear MRTFA, after 48 and 72 hour TGFβ treatment times, as compared to
the 24 hour treatment. In contrast, a similar level of (increased)
αSMA expression was observed in all of the TGFβ treated
samples.
Conclusion: Our findings are the first to report the expression
of MRTF in lens epithelial cells. Furthermore, we have shown
that MRTF transclocates to the nucleus following TGFβ
stimulation and this is accompanied by induction in expression
of αSMA. Thus, MRTF may be used as a biomarker for EMT in
ASC and PCO. Future experiments will explore whether MRTF
inhibition can prevent TGFβ-induced EMT in the lens.

Methods:
The
four
isomers
of
the
peptide
KFVIFLDVKHFSPEDLTVK, corresponding to the amino acid
sequence 70-88 of human αA-crystallin, were synthesized with
the Lα-, Dα-, Lβ- and Dβ-isomers of Asp-76 by Peptide 2.0 Inc.
(USA). We performed the biochemical properties of these four
isomers using the HPLC analysis, MALDI-TOFMS analysis
and circular dichroism (CD) analysis. The aggregation of
insulin in the presence of these four isomers was monitored
using the ThT fluorescence intensity at 415 nm.

P210
SURGERY FOR CATARACT ACCOMPANIED BY
PSEUDOEXFOLIATION SYNDROME

Results: The abnormal isomers (containing Lβ-Asp, Dα-Asp,
and Dβ-Asp residues, respectively) were more hydrophilic than
the normal peptide (containing Lα-Asp), lost their β-sheet
structures and changed to random structures. The normal
peptide promoted the aggregation of insulin while the other
three isomers suppressed the aggregation of insulin.

N. Ishikawa, T. Miyamoto, S. Saika
Ophthalmology, Wakayama Medical University, Wakayama,
Japan
Purpose: The purpose of this study was to evaluate surgically
treated
patients
with
cataract
accompanied
by
pseudoexfoliation syndrome (PE) at our hospital.

Conclusion: Generally, one point mutation in a protein
seldom occurs within living tissues of mammals, however, the
isomerization of Asp residues in protein or peptide occurs
spontaneously and easily through a succinimide intermediate
under physiological conditions. This study clearly indicates that
a single substitution of an Asp isomer in a peptide induces a
large change to the properties of the peptide.

Methods: Patients who underwent cataract surgery at our
hospital between April 2007 and December 2009 were
classified into 47 patients (71 eyes) with and 57 (86 eyes)
without PE (PE and non-PE groups, respectively), and age,
the preoperative maximum dilated pupil diameter, surgical
technique,
postoperative
intraocular
pressure,
and
postoperative refraction value were evaluated. The power of
the intraocular lens was determined using an IOL Master.

P209
INVESTIGATING TGFΒ INDUCED MRTF-A
TRANSLOCATION IN LENS EPITHELIAL CELLS

Results: The age at the time of surgery was 80.14 ± 5.46
years in the PE group and 77.98 ± 6.65 years in the non-PE
group. The axial length of the eye was 23.19 ± 0.85 mm in the
PE group and 23.45 ± 1.14 mm in the non-PE group. No
significant difference was observed in either item between the
two groups. The preoperative maximum dilated pupil diameter
was 6.05 ± 1.17 mm in the PE group and 6.90 ± 0.70 mm in
the non-PE group, showing a significant difference (p < 0.05).
The surgical technique was PEA + IOL in 64 eyes and ECCE
+ IOL in 7 in the PE group and PEA + IOL in 84 eyes and
ECCE + IOL in 2 in the non-PE group. The incidence of a
postoperative increase in intraocular pressure was 5.3% (4/76
eyes) in the PE group and 3.9% (3/77) in the non-PE group,
without a significant difference. Concerning postoperative
refraction, the refractive error from the expected refraction
value was significantly greater in the PE than in the non-PE
group (p < 0.01).

M. Gupta1, J. West-Mays1, H. Sheardown2
1

Pathology and Molecular Medicine, 2Chemical Engineering,
McMaster University, Hamilton, ON, Canada
Background and aims: Anterior subcapsular cataracts (ASC)
and posterior capsular opacification (PCO) are two cataracts
that involve the transition of lens epithelial cells into a
mesenchymal cell phenotype (EMT). EMT is a key feature of
fibrotic disease and recent studies in other tissues have shown
that the myocardin-related transcription factors (MRTF), play
an upstream role in regulating EMT. MRTF-A and B are two
such transcriptional co-activators that typically reside in the
cytosol but are stimulated to translocate to the nucleus upon
activation. The growth factor TGFb, a known inducer of ASC
and PCO, has been shown to activate the subcellular
localization of MRTF-A. Thus, the goal of this study was to
determine the involvement of MRTFs in TGFβ-induced EMT in
lens epithelial cells.

Conclusion: The postoperative refractive error may increase
for cataract accompanied by compared with that not
accompanied by PE.

Methods: Human lens epithelial cells (FHL124) and rat lens
explant cultures were treated with 2, 4, 6 and 8 ng/ml of TGFβ
for 24 to 72 hours. Both the cells and explants were then fixed
with 10% NBF and permeabilized using 0.1% Triton-X in 0.5%
SDS in 5% blocking serum. Goat polyclonal anti-MRTF-A
(Santa Cruz Biotechnology) and FITC - conjugated mouse anti
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CHARACTERIZATION OF MIGRATING FIBER ENDS AS A
FUNCTION OF LENS SUTURAL ANATOMY
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A. Joy1, N. Lamba1, K. Al-Ghoul1,2
1

diagnosed with diabetes mellitus and with minimal lens
changes. Twenty-eight dogs received Kinostat™ and 12 dogs
received placebo.

2

Anatomy and Cell Biology, Ophthalmology, Rush University
Medical Center, Chicago, IL, USA

Owners were instructed to administer the agent into both eyes
three times a day for 1 year and record each time of
administration in a log sheet in order to ensure compliance.
Complete ophthalmic examinations were performed at the time
of enrollment and 1, 2, 3, 6, 9, and 12 months after treatment.
Complete blood chemistries, HbA1C, and Kinostat blood levels
were obtained at 1 year.

Background and aims: To characterize structural parameters
and arrangement of fiber ends during migration as a function
of lens suture patterns.
Methods: Anterior and posterior fiber ends were assessed on
decapsulated lenses. Their size, shape, and organization were
evaluated by scanning EM along the posterior and anterior
surfaces within 4 defined regions: equatorial (E), lateralanterior/lateral-posterior (L), perisutural (P), and sutural (S).
The area of the fiber ends was measured using image analysis
software and the results were subjected to statistical analysis.

Results: After 1 year of treatment, cataract formation,
assessed by changes in the cataract score, was observed to
be significantly less (p = 0.0016) in the Kinostat™ treated
group with 30 of 56 eyes (54%) from 15 of 28 eyes showing no
evidence of cataract development. Cataracts developed in 26
of 56 eyes (46%) from 13 of 28 Kinostat™ treated dogs with 7
developing anterior equatorial vacuoles, 2 developing incipient
anterior cortical cataracts, and 4 developing mature cataracts.
In the Placebo group cataract formation was not significantly
(p = 0.13) inhibited in 20 of 24 eyes from 10 of 12 dogs. Seven
dogs (14 eyes) developed mature cataracts, 2 dogs (4 eyes)
developed cortical opacities, and 1 (2 eyes) developed
equatorial vacuoles / mild punctate cortical opacities (scale 1).
HbA1C values after 12 months of treatment were not
significantly different (p = 0.369) between the Placebo (6.7 ±
0.95) and Kinostat™ (7.7 ± 1.8) groups.

Results: In lenses with point sutures (chicken), anterior fiber
ends had larger areas than posterior fiber ends in the initial
regions of migration. Average anterior fiber end areas (µm 2):
E=139.72, L=98.8, P=38.07 and S=18.94. Average posterior
fiber end areas (µm2): E=80.34, L=67.8, P=72.04 and
S=24.76. As expected fiber ends were arranged in straight
rows directed toward the point suture. Lenses with line sutures
(rabbit) demonstrated similar fiber end areas in corresponding
anterior and posterior regions. Average anterior fiber end
areas (µm2): E=193.09, L=131.17, P=107.15 and S=48.42.
Average posterior fiber end areas (µm 2): E=249.27, L=116.68,
P=97.48 and S=32.64. Although fiber ends were arranged in
rows at the equatorial region, the organization was more
variable in subsequent regions. Fiber ends in the perisutural
region were arranged in curved rows, directed toward the
lateral aspect of the line suture. In lenses with Y sutures (pig),
average fiber end areas decreased gradually throughout
equatorial and lateral regions, whereas there was a more
abrupt decline in size as the ends approached the suture.
Average anterior fiber end areas (µm 2): E=122.89, L=113.08,
P=100.03 and S=47.20. Average posterior fiber end areas
(µm2): E=169.52, L=147.72, P=63.12 and S=24.46. Similar to
rabbit lenses, fiber ends in pig lenses migrated in straight
meridional rows only in the equatorial region. In subsequent
regions (lateral and perisutural), fiber ends appeared markedly
disorganized due to their variable shape and size.

Conclusions: The onset and/or progression of cataracts in
dogs with DM can be significantly delayed by topical
administration of Kinostat™.
Support NIH 1R43EY018013-01A1
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EFFECT OF BEVACIZUMAB ON LENS EPITHELIAL CELLS
J.-H. Kim, S.-K. Choi, D. Lee
Ophthalmology, Ilsan Paik Hospital, Inje University Medical
College, Koyang, Republic of Korea

Conclusions: In general, gross lens size was proportional to
the initial (equatorial) area of fiber ends. However in all
models, fiber end area declined sharply as ends reached
sutural destinations. Lenses with point and line suture patterns
demonstrated a nearly linear decrease in fiber end area during
migration, whereas those with Y sutures approximated a
parabolic decrease. Structural parameters such as size and
shape affect fiber end organization, which in turn determine
migration patterns and corresponding sutural anatomy.

Purpose: The action of Vascular endothelial growth factor
(VEGF) or VEGF antagonist (Bevacizumab) on adult human
lens epithelial cells(LECs) is not clear yet although
Bevacizumab is widely used in various ophthalmic pathologic
conditions. This study investigated if Bevacizumab influences
proliferation and transdifferentiation to myofibroblast of LECs.
Methods: Cultured human LECs were treated with VEGF
10ng/ml alone, 1, 2.5, 5mg/ml Bevacizumab alone and mixture
with VEGF for toxicity assessment. For proliferation assay,
cultured human LECs with VEGF alone, 0.5, 1, 2.5mg/ml
Bevacizumab alone and mixture with VEGF were assessed at
24, 48 and 72hrs after treatment. Immunolocalization of
markers for myofibroblast phenotype (α-smooth muscle actin
or fibronectin ) or a marker for LEC phenotype (pax-6) was
evaluated in VEGF alone, VEGF with 2.5mg/ml Bevacizumab
and 2.5mg/ml Bevacizumab alone treatment groups by
fluorescent microscopy.

P212
TOPICAL KINOSTAT™ AMELIORATES THE CLINICAL
DEVELOPMENT AND PROGRESSION OF CATARACTS IN
DOGS WITH DIABETES MELLITUS
P. Kador1,2, T. Webb3, D. Bras3, K. Ketring4, M. Wyman2,3,5
1

Pharmaceutical Sciences and Ophthalmology, Univ. of
Nebraska Med. Center, 2Therapeutic Vision Inc., Omaha, NE,
3
Ophthalmology, MedVet Medical Center for Pets,
Worthington, 4All Animal Eye Clinic, Cincinnati, 5College of
Veterinary Medicine, The Ohio State University, Columbus,
OH, USA

Results: Exogenous VEGF increased proliferation of LECs
and Bevacizumab treatment reduced the proliferation of LECs
at any concentrations, however, statistically significant
reduction was showed in only 2.5mg/ml bevacizumab group .
Adding Bevacizumab to VEGF treatment group showed dose
dependent reduction. All group showed positive reactivity for
myofibroblast markers. VEGF treatment group showed
stronger positive reactivity and the order of reactivity strength
was those of VEGF alone, VEGF with 2.5mg/ml Bevacizumab
and 2.5mg/ml Bevacizumab.

Background and aims: Determine whether topical
administration of the aldose reductase inhibitor Kinostat™ can
ameliorate the onset or progression of cataracts in dogs with
naturally occurring diabetes mellitus.
Methods: A randomized, prospective, double-masked placebo
control pilot study was conducted with 40 dogs newly

Conclusion: VEGF might influence the proliferation and
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transdifferenciation of adult human LECs and bevacizumab
might inhibit the action of VEGF upon LECs. Under the
condition of increased VEGF, higher concentration of
Bevacizumab will be needed to inhibit action of VEGF.

used to determine the expression pattern of Spreds 1-3 during
lens development. Transgenic mice overexpressing Spred1
specifically in the lens were generated and the ocular
phenotype was characterised.
Results: Spreds are expressed in the lens, with strongest
expression for Spred1, detected primarily in the epithelium.
Overexpression of Spred1 in the lens led to microphthalmia,
characterised by a smaller lens and cataract postnatally. This
phenotype may be attributed to a disruption to normal cell
differentiation and lens architecture. There was a distinct
migration of lens cells to the posterior pole, associated with
remodelling of the lens capsule, as well as progressive
thinning and rupture of the capsule.

P214
TXNL6 IS EXPRESSED BY THE AGING HUMAN LENS AND
CAN SERVE AS A LENS REDUCING SYSTEM FOR MSRA
W. Lee, L. Brennan, R. McGreal, M. Kantorow
Biomedical Science, Florida Atlantic University, Boca Raton,
FL, USA

Conclusions: The identification of Spreds in the lens
establishes another putative level of negative regulation of
growth factor signaling (eg. Raf-ERK/MAPK pathway) in this
tissue. Our in vivo studies using transgenic mice
overexpressing Spred1 in the lens, lead us to believe that
these molecules have the potential to promote and maintain
the integrity of lens cells and their associated basement
membrane, supporting the normal architecture and hence
transparency of the lens.

Background and aims: Thioredoxin like protein 6 (TXNL6) is
a thioredoxin-like protein that could substitute for Thioredoxin
(TXN) as a reducing system for essential lens repair and
protective proteins. To date, TXN is the only known reducing
system for the repair enzyme Methionine sulfoxide reductase
A (MsrA). Here, we evaluated the expression of TXNL6 in the
eye and of particular interest, the lens. We also examined its
ability to serve as a reducing system relative to TXN1 and
TXN2 for MsrA repair of α-crystallin.
Methods: TXNL6 mRNA and protein levels were analyzed by
semi-quantitative RT-PCR and western blot in human lens
epithelia and fiber and at the protein level in aging whole
human lenses. The localization of TXNL6 in human lens
epithelial cells was conducted by immunofluorescence staining
and visualized by confocal microscopy. The ability of TXNL6 to
serve as a reducing system for MsrA repair of methionineoxidized α-crystallin was evaluated.

P216
INDOLEAMINE 2, 3-DIOXYGENASE: INDUCTION BY
INTERFERON-GAMMA AND APOPTOSIS OF LENS
EPITHELIAL CELLS THROUGH FORMATION OF 3OHKYNURENINE
M. Mailankot, R. Nagaraj

Results: TXNL6 was expressed at both the transcript and
protein levels in lens epithelia and lens fiber cells.
Interestingly, protein levels of TXNL6 increased with age in
human lenses. Immunostaining showed co-localization of
TXNL6 to the mitochondria and cytosol of HLE cells. TXNL6
acted as a reducing system for MsrA.

Ophthalmology & Visual Sciences, Case Western Reserve
University, Cleveland, OH, USA

Conclusions: TXNL6 is highly expressed in the human lens
and its levels increase with age. TXNL6 can act as a reducing
system for MsrA. Collectively, these results suggest that
TXNL6 is important for the functions of MsrA and other TXNrequiring enzymes that operate in the aging lens.

Methods: HLE-B3 cells were cultured in the presence of 1100 units of IFN-g for 2 days. The effects on IDO expression
and its downstream signaling pathways were investigated
using an enzyme activity assay and western blotting.
Intracellular production of kynurenines was measured by
HPLC. Apoptosis was assessed by Hoechst staining.
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Results: IFN-g promoted the synthesis of IDO and activated
the JAK/STAT signaling pathway in HLE-B3 cells in a dosedependent manner. Fludarabine, a STAT1-specific inhibitor,
blocked IFN-g mediated IDO expression. Nfk, Kyn and
3OHKyn were detected in cells, with 3OHKyn concentrations
2- to 3-fold higher than other kynurenines. The intracellular
production of kynurenines was completely inhibited by 1methyl DL-tryptophan (MT), an inhibitor of IDO. All three
kynurenines were detected in the cell culture medium from
IFN-g-treated cells. Kyn- and 3OHKyn-modified proteins were
detected in IFN-g-treated cells. Induction of IDO by IFN-g
caused elevations in hydrogen peroxide levels, caspase-3
activity and apoptosis in HLE-B3 cells. At equimolar
concentrations, 3OHKyn caused higher levels of apoptosis
than the other kynurenines in HLE-B3 cells. MT and a
kynurenine 3-hydroxylase inhibitor (Ro61-8048) inhibited IFNg-mediated apoptosis in HLE-B3 cells.

Purpose: We investigated the effects of interferon-g (IFN-g)
on IDO-mediated synthesis of kynurenines and on apoptosis in
human lens epithelial cells (HLE-B3).

SPREDS. SPROUTY-RELATED PROTEINS
ANTAGONISTIC FOR THE RAS-ERK/MAPK SIGNALING
PATHWAY: A ROLE IN THE LENS
F.J. Lovicu, J. Boros, S. Jee, J.W. McAvoy
Save Sight Institute and Bosch Institute, University of Sydney,
Sydney, NSW, Australia
Background and aims: Growth factor signaling pathways,
including the Ras-ERK/MAPK signaling pathway, regulate
many cellular processes in the lens including epithelial cell
proliferation, and their differentiation into fiber cells. Our
studies have identified important roles for Sef and Sprouty
(Spry) as negative regulators of this growth factor signaling in
the lens. Interestingly, lenses deficient for these antagonists
develop relatively normal; however, in lenses deficient for
Spry, cataracts appear postnatally. To determine whether
other negative regulatory genes may compensate for the
absence of Sef and/or Spry in the lens, we set out to examine
the expression and role of Spreds (sprouty-related proteins);
antagonists that have been shown to specifically inhibit the
Ras-ERK/MAPK signaling pathway.

Conclusions: Our results show that induction of IDO by IFN-g
is JAK1/2-STAT1 pathway-dependent, and that this induction
causes 3OHKyn-mediated apoptosis in HLE-B3 cells. Our
study suggests that IDO-mediated kynurenine formation could
play a role in cataract formation related to chronic
inflammation.

Methods: A range of detection and labelling techniques were
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patients had no previous surgery, 9 patients had undergone
cataract surgery, 5 eyes had vitrectomy and 7 had a
combination of cataract and vitrectomy surgery. GSSG/total
glutathione was used as a marker of oxidative stress (higher %
indicating more oxidative stress). In aqueous humor (AH)
samples post vitrectomy, % oxidation was 6% vs. 14% in nonoperated eyes (p=0.02). In vitreous samples (VH) post
vitrectomy, % oxidation was 28% vs. 38% in post cataract
surgery vs. 57% in non-operated eyes. The axial length
correlated moderately positively with % oxidation (0.41). Age
did not correlate with the oxidized glutathione ratio.

EFFECTS OF NUCLEAR FACTOR-KB SMALL
INTERFERING RNA ON POSTERIOR CAPSULE
OPACIFICATION
H.Y.L. Park, I.T. Kim, J.S. Choi, C.K. Joo
Seoul St. Mary's Hospital, Seoul, Republic of Korea
Purpose: The effects of small interfering RNA (siRNA) of
nuclear factor kappa B (NF-kB) on development of posterior
capsule opacification (PCO) were investigated both in vitro
and in vivo with rabbits.

Conclusion: The % oxidation glutathione within the aqueous
humor is always lower than within the vitreous. There is a
higher % of glutathione oxidation within the aqueous humor
and vitreous of eyes with no previous surgery compared to
vitrectomized eyes. Possible mechanisms for these findings
will be discussed.

Methods: After application of p105 NF-kB siRNA to lens
epithelial cells (LECs), Western blotting analyses to detect
p105 and p50 NF-kB and a scratch assay were performed. In
the capsular bag model, LECs were counted and
immunocytochemistry was carried out for p50 NF-kB in the
posterior capsule. Cataract surgery was performed in 15 New
Zealand white rabbits using two sequences of p105 NF-kB
siRNA. PCO grading was conducted by slit-lamp
biomicroscopy and PCO grading program. One month after
surgery, the eyes of the rabbits were enucleated and sections
were prepared to examine the posterior capsule and other
ocular tissues by light microscopy.
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FUNCTIONAL DIVERGENCE OF BEADED FILAMENT
PROTEINS
A. Landsbury1, Q. Bo2, R. Quinlan3, A. Prescott4, Y. Liu2, R.
Dahm5, H. Berrit Schönthaler6, S. Song7, J. Clark8

Results: Application of p105 NF-kB siRNA to LECs decreased
p105 NF-kB and p50 NF-kB expression, as determined by
Western blotting analysis, and migration of LECs was inhibited
on the scratch assay. In the capsular bag model, the cell count
was significantly decreased and immunocytochemistry showed
reduced p50 NF-kB expression on the posterior capsule. In the
in vivo study with rabbits, p105 NF-kB siRNA effectively
decreased PCO as determined by both the slit-lamp
examination and PCO grading program.
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Conclusions: NF-kB seems to be related to migration and
proliferation of LECs. In addition, NF-kB siRNA was effective
in inhibiting the migration and proliferation of LECs in vitro and
decreased PCO formation after cataract surgery in a rabbit
model.

Background and aims: The eye lens beaded filament
structural proteins (Bfsp) 1 and 2 are distinct within the family
of intermediate filament proteins because of their unusual
sequence characteristics. Beaded filament proteins are
essential to the optical properties and function of the eye lens.
Bfsp2 is also only one of two IF proteins in over 65 in humans
that lacks a C-terminal tail domain. In this study we aim to
analyse the functional divergence of the lens beaded filament
proteins by comparing the assembly properties of mammalian
and zebrafish orthologues.
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THE EFFECT OF CATARACT SURGERY AND
VITRECTOMY ON THE REDOX STATUS OF THE
ANTIOXIDANT GLUTATHIONE WITHIN THE AQUEOUS
HUMOR AND VITREOUS

Methods: The sequences and expression profiles of Bfsp1
and 2 for the zebrafish were determined. The mRNA and
protein expression patterns of ZfBfsp2 was determined during
zebrafish development and in the lens respectively by in situ
hybridisation and with specific polyclonal antibodies. ZfBfsp2
was produced recombinantly in E.coli and its coassembly
properties with mammalian Bfsp proteins determined. Human
beaded filament proteins were also produced recombinantly in
E. coli, but native Bfsp1 and its 53kDa fragment were purified
from bovine lenses.

C.X. Qian, W.S. Powell, M. Khuthaila, T. Jayasundera, S.
Gravel, J.C. Chen
PGY-2, Dept. d'ophthalmologie, Université de Montréal,
Montreal, QC, Canada
Introduction: The cumulative effects of oxidative stress in the
eye over a lifetime can lead to cataract formation and agerelated macular degeneration. Glutathione is an important
natural free-radical scavenger in the eye. The goal of the study
is to use the ratio of oxidized/total glutathione as a marker for
oxidative stress and quantify its presence within the aqueous
humor and vitreous of patients with different ocular status to
see how it can contribute to ocular degenerative processes.

Results: Both ZfBfsp1 and 2 were different in their C-terminal
sequences compared to their mammalian orthologues. The
additional C-terminal sequences in ZfBfsp2 changed its
solubility and coassembly properties. ZfBfsp2 remained
soluble when assembled in vitro on its own unlike human
Bfsp2 which aggregated. This property was dominant over
human Bfsp2. Removal of the C-terminal sequences for
ZfBfsp2 improved filament assembly in vitro with bovine Bfsp1.

Methods: Aqueous humor and vitreous samples from
sequential subjects set to undergo pre-scheduled eye surgery
were collected upon the initiation of the surgical procedure.
They were analyzed using reverse-phase high-performance
liquid chromatography (RP-HPLC) for the quantitative
presence of glutathione.

Conclusions: ZfBfsp2 is functionally distinct to its mammalian
orthologues in its in vitro assembly properties. The results are
discussed in the light of the different functional properties of
fish and mammalian lenses.

Results: There were 62 eyes of 62 patients (35 male and 28
female) in this prospective study. The average age was 64. 41
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cataract. This study was undertaken to determine whether αAcrystallin-derived peptide αA66-80 found in human lenses and
capable of precipitating human α-crystallin may also induce
aggregation of Guinea pig lens crystallins.

Acknowledgements: The finanacial support of the
Leverhulme Trust (RAQ), National Eye Institute (JIC), The
BBSRC (AL) and the Guangdong Natural Science Fund and
Guangdong provincial Science and Technology Project (QB,
YZL) are gratefully acknowledged.

Methods: Synthetic αA66-80 peptide (SDRDKFVIFLDVKHF,
Genscript Corp) was incubated with α-crystallin isolated from
G. pig lenses and the resulting complex was isolated.
Recombinant human αBT162C crystallins and G.pig lens
extracts were labeled with Alexa Flour-555. The Alexa Fluorlabeled proteins were added to α-crystallin-peptide complexes
and incubated at 25oCfor 6 hrs. During incubation, the
formation of fluorescent aggregates was recorded. As a
control, Pro-substituted αA66-80 peptide was used in this study.
In other experiments, the effect of an increasing concentration
of αA66-80 peptide on G.pig lens crystallin aggregation and
inhibition of chaperone activity was determined by size
exclusion
chromatography
and
chaperone
assays
respectively.
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PHOSPHOINOSITIDE 3-KINASE P110Α REGULATES LENS
SIZE
C. Sellitto1, L. Li1, M.L. Robinson2, R.Z. Lin3, T.W. White1
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Background and aims: Both connexin mediated coupling and
signal transduction pathways have been shown to play critical
roles in lens growth and development, but little is known about
possible interactions between these two intercellular
communication systems. We have previously identified an
interaction between mitogen activated protein kinase (MAPK)
signaling and junctional communication mediated by
connexin50, suggesting that gap junctional communication
and signal transduction pathways may work together during
postnatal lens development. To further investigate how
signaling regulates lens growth and development, we have
generated and examined mice where components of the
phosphoinositide 3-kinase (PI3K) signaling pathway were
conditionally deleted in the mouse lens.

Results: Co-incubation of αA66-80 peptide with G.pig αcrystallin resulted in aggregation and precipitation whereas
Pro-substituted αA66-80 and α-crystallin did not aggregate or
precipitate. αA66-80 peptide also inhibited the chaperone activity
of G-pig α-crystallin. Alexa Fluor labeled αB-crystallins as well
as G. pig lens proteins interacted with α-crystallin-αA66-80
complex to form larger aggregates whereas the presence of
Pro-substituted -αA66-80 failed to incorporate labeled proteins
into HMW aggregates.
Conclusions: Our study shows that αA-crystallin-derived αA66-80
peptide interaction with α-crystallin leads to loss of
chaperone activity and formation of initial aggregates that
attract α-crystallin oligomers to form HMW aggregates in G.pig
lens extracts. These data show that αA-crystallin-derived αA6680
peptide or similar in vivo generated peptides may be
responsible, at least in part, for the early events of crystallin
aggregation and nuclear light scattering observed in HBO
treated G.pig lenses.

Methods: p110αflox/flox and p110βflox/flox mice [Circulation. 2009,
120:318-325] were interbred with MLR10 Cre mice [Invest.
Ophthalmol. Vis. Sci. 2004, 45:1930-1939] in order to obtain
p110αflox/flox-MLR10 Cre and p110βflox/flox-MLR10 Cre animals.
Lenses of age-matched animals were dissected and
photographed through a microscope equipped with a digital
camera, and lens volumes were calculated from the measured
diameters.

[Supported by NIH grant EY11981 and unrestricted award
from Research to Prevent Blindness]

Results: Lens specific knockout of p110α resulted in a
statistically significant reduction of lens size by ~30% at 5
weeks of age in vivo. Conditional knockout of p110β had no
effect on lens size, or clarity.
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STRUCTURAL ANALYSIS OF SINGLE FIBER CELLS
FROM THE LIM2-NULL LENS

Conclusions: These data suggest that the PI3K signaling
pathway also plays an important role in the regulation of lens
size.

Y. Shi1, A. De Maria1, P. FitzGerald2, S. Bassnett1
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Purpose: To analyze the phenotype of Lim-2 null mice at the
single cell level.
Methods: Lenses from C57 or Lim2-null mice were fixed in
paraformaldehyde and manually dissected into a series of six
concentric shells (0-5; where 0 is the center of the lens and 5
corresponds to the most superficial cell layers). From each
shell, individual cells were dissected onto poly-lysine coated
slides. Antibodies against lens major intrinsic protein (MIP)
was used to immuno-stain the lens fibers. Fiber surface
morphology was visualized by confocal microscopy. The point
spread function of the confocal microscope was determined
using sub-resolution-sized fluorescent beads. Threedimensional image stacks were deconvolved using Huygens
software. Parallel scanning electron microscopic studies were
performed using standard techniques. We also examined the
expression of fiber cell connexin proteins (Cx46 and Cx50) by
immunofluorescence and western blot.

ROLE OF ΑA-CRYSTALLIN-DERIVED PEPTIDE IN GUINEA
PIG LENS CRYSTALLIN AGGREGATION AND
INSOLUBILISATION
K. Sharma1, S. Puttur2, R. Murugesan2, F. Giblin3
1

Ophthalmology and Biochemistry, University of MissouriColumbia, 2Ophthalmology, University of Missouri, Columbia,
MO, 3Eye Research Institute, Oakland University, Rochester,
MI, USA
Background and aim: Earlier we reported that human lens
crystallin-derived peptides interact with α-crystallin and inhibit
chaperone activity and form HMW aggregates (J. Biol. Chem.
Vol 283, 8477-8485, 2008).The levels of crystallin-derived
peptides is high in ageing human lenses, particularly in the
nuclear region where the maximum amount of protein
aggregation is observed. HBO-treated Guinea pig lens
showing nuclear opacity is a model for human age-related

Results: Lim2 is the second most abundant intrinsic
membrane protein in the lens yet previous studies using
conventional histology have failed to identify cellular deficits
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resulting from inactivation of the Lim2 gene. We began our
study by documenting the range of cellular morphologies
present in the wild-type lens. These ranged from irregularlyshaped cells in fraction 0 to the smooth, ribbon-like cells found
in fraction 5. In the mid-cortex (fraction 3 and 4) we found that
the cells had undulating or meandering shapes as noted in
previous electron microscopy studies. Examination of Lim2null lenses revealed that fibers had the normal (hexagonal)
packing arrangement and well-developed ball-and-socket
junctions but failed to show the undulating morphology. This
finding was corroborated by SEM. Western blotting and
immunofluorescence measurements indicated that connexins
were expressed at similar levels in the cortex of wild-type and
Lim2-null lenses but that, in the core of the Lim2-null lens,
Cx46 expression was significantly reduced.

formed aggregates of highest Mr on incubation with WS-HMW
proteins.
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REGULATORS OF WNT/PCP SIGNALING, SFRP1 AND
SFRP2, ARE REQUIRED FOR NORMAL LENS
DEVELOPMENT
Y. Sugiyama1, L. Wen1, R.J.W. Stump1,2, A. Shimono3, F.J.
Lovicu1,2,4, J.W. McAvoy1,2
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Conclusions: Here we present a technique for imaging the
three-dimensional morphology of lens fiber cells. The present
results identified subtle alterations in fiber cell structure and
connexin protein expression in the absence of Lim2. These
may be correlated with the disturbed refractive properties
already noted in the lenses of these animals.

Background and aims: Secreted frizzled-related proteins act
as regulators of Wnt signaling. Our previous studies showed
that overexpression of Sfrp2 specifically in the lens led to
disruptions in the alignment and orientation of fiber cells. As
components of the Wnt/Planar Cell Polarity (PCP) signaling
pathway were inhibited this indicated that this pathway plays a
role in fiber differentiation. Studies in other systems have
shown that absence of Sfrp genes also generates planar cell
polarity (PCP) phenotypes. Given this background we set out
to investigate how inactivation of Sfrp1 and Sfrp2 genes
influenced lens morphogenesis.

Research supported by RPB and NEI (EY09852 and
EY018185 to SB).
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IDENTIFICATION OF HUMAN LENS CRYSTALLIN
FRAGMENTS AND THEIR AGGREGATION WITH WATER
SOLUBLE-HIGH MOLECULAR WEIGHT (HMW) PROTEINS

Methods: Sfrp1-/- Sfrp2-/- embryos were generated by timed
matings of Sfrp1-/- Sfrp2+/- or Sfrp1+/- Sfrp2-/- females and
males. Lenses from embryonic stages between embryonic day
12.5 and postnatal day 1 were assessed using conventional
and confocal microscopy.

O. Srivastava, J. Chaves, K. Srivastava
Vision Sciences, University of Alabama at Birmingham,
Birmingham, AL, USA

Results: Lenses of mice that were homozygous for either
Sfpr1 or Sfrp2 appeared normal at all developmental stages
examined. However, double knockouts (Sfrp1-/-;Sfrp2-/-)
showed characteristic PCP phenotypes including open eyes.
The lenses were small and fiber differentiation was aberrant.
The fibers were shorter than normal and tended to be swollen
at their ends.

Our previous results have shown that aggregates in aging
human lenses contained crystallin fragments (Exp. Eye Res,
87:356-366, 2008; J. Biol. Chem., 279:10901-10909, 2004).
The purpose of the present study was to determine whether
human lens crystallin fragments form aggregates with water
soluble (WS)-high molecular weight proteins in vitro.The WSprotein fraction from lenses of 50-70 year-old donors was
fractionated by a preparative SDS-PAGE method using
BioRad Prep Cell. Four fractions; fraction I (containing ~3.5
kDa species), fraction II (containing ~3.5 to 7 kDa species),
fraction III (containing ~7 -10 kDa species) and fraction IV (
containing >10 - 18 kDa species), were collected and following
SDS removal, their molecular mass was determined by
multiangle laser light scattering method. To identify crystallin
fragments of the fractions I to IV, each was subjected to 2Dgel electrophoresis and individual spots were excised, trypsin
digested and identified by QTRAP mass spectrometric
method. A void volume-HMW protein fraction was also isolated
from the WS-protein fractions by HPLC using a size-exclusion
TSK G4000 PW XL column. Crystallin fragments of fractions I to
IV exhibited self-aggregation on storage with molecular mass
of fraction I of 1.5X107 kDa, and those of fraction II to IV
ranged between 1.7X105 to 1.9X105 kDa. These aggregates of
fractions I to IV dissociated on incubation at 37°C. On
incubation with WS-HMW protein, the crystallin fragments of
the fraction I exhibited aggregates of highest Mr compared to
fragments present in the fractions II to IV. Following 2D-gel
electrophoresis, 13 spots were observed in the fraction I
whereas 36, 46 and 53 spots were present in the fractions II,
III and IV, respectively. The QTRAP mass spectrometric
analysis of the spots showed that the fragments in the four
fractions were from alpha-, beta- and gamma-crystallins with a
variety of post-translational modifications. Together, the results
showed that crystallin fragments of alpha-, beta- and gammacrystallins were present in 50-70 year-old human lenses.
Among crystallin fragments, those with Mr of ~3 kDa in the
fraction I exhibited maximum self-aggregation, and also

Conclusions: This study indicates a redundant role for Sfrp1
and Sfrp2 in lens development. In addition to the onset of wellknown PCP phenotypic features in the absence of both genes,
this study shows disrupted lens development. This is
consistent with our other studies that show disturbances in
Sfrp expression results in defective PCP signalling and adds
further support for a key role for this pathway in lens
development.
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COMBRETASTATIN A4 PREVENTS THE PROLIFERATION,
MIGRATION AND TRANS-DIFFERENTIATION OF LENS
EPITHELIAL CELLS IN TISSUE CULTURE
F. Tholozan1, B. Lou2, Y. Liu2, R. Quinlan1
1

School of Biological and Biomedical Sciences, University of
Durham, Durham, UK, 2Zongshan Ophthalmic Centre, Sun
Yat-sen University, Guangzhou, China
Purpose: To investigate the potential of the anti-angiogenic
drug, combrestatin A4 as a potential treatment for posterior
capsular opacification (PCO).
Methods: Primary bovine lens epithelial cells, BMIimmortalised bovine lens epithelial cells (BIE cells) and human
lens epithelial cells (FHL124; H36CE2), were cultured in vitro
on either plastic substrates, cell-free bovine lens capsules or
native bovine lens capsules (primary cell culture) before
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exposure to 1µM combretastatin-4-phosphate (CA4P) for 30
minutes. Untreated (control) and CA4P-treated cells were then
maintained in culture (10% FCS-supplemented medium for
cells on plastic, 0% FCS-supplemented medium for cells on
the lens capsule) for up to 8 days. The extent and persistence
of
CA4P-induced microtubule
depolymerisation was
determined by immunofluorescence and immunoblotting and
compared to untreated controls. Cell viability was quantified by
MTS assay (PROMEGA) and nuclear morphology, as an
indicator of apoptosis, was monitored by DAPI staining.
Migration was measured in a scratch-wound assay by live cell
imaging. The extent of epithelial-to-mesenchymal transition
(EMT)
was
assessed
by
immunoblotting
and
immunofluorescence microscopy using the markers, aBcrystallin, alpha-smooth-muscle-actin, cadherins, ZO-1. In all
cases the effects of CA4P was compared to that of untreated
controls and statistically significance tested using ANOVA.

This suggests that kinases that regulate CCCs in other tissues
are present in the lens at the site of damage, and within a
close proximity to the CCCs. Phosphorylation of CCCs,
particularly in KCCs in normal and diabetic lenses will provide
a fuller picture of the mechanism leading to cortical cataract.

Results: A single acute (30 minute) treatment of the cell
cultures with 1 µM CA4P caused a significant decrease in cell
number and cell migration for the H36CE2,FHL124 and BIE
cell cultures. This concentration of CA4P also inhibited EMT of
primary bovine lens epithelial cells cultured on bovine lens
capsules as determined by their protein expression profile.

2. Bond J, Green C, Donaldson PJ, Kistler J. Liquefaction of
Cortical Tissue in Diabetic and Galactosemic Rat Lenses
Defined by Confocal Laser Scanning Microscopy. Investigative
Ophthalmology & Visual Science. 1996;37(8):1557-65.
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Conclusions: A single, short-duration, CA4P exposure
resulted in a statistically significant decrease in lens epithelial
cell proliferation, migration and trans-differentiation in our in
vitro assays. This was true for both primary and immortalised
cell culture systems. These significant, long lasting effects
suggest that CA4P should be assessed for its potential to
improve the treatment of posterior capsule opacification
(PCO).
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UNIQUE PRECURSORS FOR THE MESENCHYMAL CELLS
INVOLVED IN INJURY RESPONSE AND THE LENS
FIBROTIC DISEASE POSTERIOR CAPSULE
OPACIFICATION
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Background and aims: We investigated an alternative
pathway for emergence of the mesenchymal cells involved in
epithelial sheet wound healing and a source of myofibroblasts
that cause fibrosis during Posterior Capsule Opacification
(PCO).
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IDENTIFICATION OF A GROUP OF KINASES INVOLVED IN
LENS CELL VOLUME REGULATION
I. Vorontsova1,2, J.C. Lim1,2, P.J. Donaldson1,2

Methods: After mock cataract surgery, ex vivo chick lens
capsular bags pinned to a culture dish were used to study
wound healing and the development of PCO. G8
antigen/MyoD mRNA mesenchymal precursors were identified
by immunolocalization and in situ hybridization. Mesenchymal
cells were identified by expression of the mesenchymal marker
vimentin and absence of the epithelial marker ZO-1. Migration
of G8pos cells to the wound edge was followed by time-lapse
imaging. Proliferation of G8pos and lens cells was examined by
EdU incorporation and ploidy of G8pos cells determined by flow
cytometry. The role of G8pos cells in wound healing and fibrosis
(expression of α-SMA and MyoD protein) was determined
following ablation of G8pos cells from the ex vivo cultures by
incubation with G8 antibody/complement.
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Organ culturing lenses in the presence of N-ethylmalaimide
(NEM), an activator of K-Cl-contransporters (KCC) mimics the
localised zone of fiber swelling and tissue liquefaction in the
outer lens cortex (1) that is observed in diabetic cataract (2). In
other tissues, KCC and the other cation-chloride
contransporter (CCC) family members, the Na-K-Cl
contransporter (NKCC) and the Na-Cl cotransporter (NCC)
work in concert to maintain cell volume homeostasis through
modulation of their phoshorylation activity. Their activity is
coordinated by the regulatory kinases With no Lysine Kinase
(WNK1, 3, 4), Ste-20 like Proline/Alanine rich Kinase (SPAK)
and the closely related oxidative stress response kinase 1
(OSR1) which augment their phosphorylation status (3). The
aims of this project are to identify whether these key kinases
are present in the rat lens at the transcript and protein level.
PCR results have shown that all kinases are present in the rat
lens at the transcript level. Western Blot analysis of the endpathway kinases has shown that SPAK and OSR1 are
observed in the crude membrane fraction, but can be stripped
off with urea-alkaline solution, suggesting their association
with the cell membranes and potentially the CCCs.
Furthermore, SPAK and OSR1 are observed at the cortical
region of the lens where damage occurs in diabetic cataract.

Results: We discovered a subpopulation of mesenchymal
progenitors nestled in small niches among lens cells that
expressed MyoD mRNA, G8 antigen and vimentin. G8pos cells
that had emerged from the niches in response to injury
continued to express vimentin but lacked ZO-1 and MyoD
protein. ZO-1 is present at apical cell-cell borders of lens
epithelial cells. Upon injury G8pos cells actively migrated to the
wound edges. Rapid expansion of the G8pos cells post-injury
occurred in the absence of DNA replication since G8pos cells
failed to incorporate EdU in the first hour post-wounding. In
contrast lens cells incorporated EdU within the same time
period. To investigate further how the G8pos progenitors may
expand rapidly in response to injury we examined the ploidy of
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these cells by flow cytometry. Surprisingly, many G8pos cells
were polyploid with DNA complement ranging from 4N up to
10N DNA. This unique phenotype provides a mechanism for
rapid expansion post-injury whereby G8pos cells could divide
without first progressing through the S phase of the cell cycle.
Some G8 cells differentiated into myofibroblasts expressing
both α-SMA and MyoD protein. Ablation of G8pos cells slowed
migration and suppressed expression of α-SMA providing
evidence that these mesenchymal cells were important to
migration during wound healing and a principal source of αSMA positive myofibroblasts, a source of lens fibrotic disease.
Conclusions: A subpopulation of mesenchymal progenitors in
the lens regulates wound healing and are the precursors of
myofiboblasts.
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A FULLY CUSTOMIZABLE ANATOMICALLY CORRECT
MODEL OF THE CRYSTALLINE LENS
C. Wilson, R. Munger

[Figure 1]
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Background and aims:
The human eye is a complex optical system comprised of
many components. The crystalline lens, an optical component
with a gradient index (GRIN), is perhaps the least understood
as it is situated inside the eye and as a result is difficult to
characterize.
Its complex nonlinear structure is not easily measured or
modeled.
Presently several models of the GRIN structure exist
describing the average performance of crystalline lenses.
These models do not accurately describe the performance of
crystalline lenses on an individual basis. We propose an
anatomically correct, individually customizable crystalline lens
model (Fig. 1).
Such a model is an important tool for research involving the
properties of the human eye and is key in the diagnosis and
treatment of optically based visual problems such as refractive
surgery.

Figure 1: Proposed crystalline lens model and equations
describing the surface, S, and refractive index profile, K. The
asphericity, q, and the rate of change of refractive index, w,
are determined by adjusting the lens model to match the
experimental results for each lens. The curvature of the lens,
c, is measured experimentally.
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LENS AGING-MECHANIMS
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Background, aims and methods: Old mice and rats develop
progressive lens opacities leading to cortical cataracts (ARC).
In their lens cortex there is retention of nuclei and nuclear
fragments and the presence of large amounts of reactive
oxygen species (ROS). Our laboratory records these cataractrelated changes and seeks to determine the mechanisms
involved. We use IHC, confocal microscopy with fluorescent
dyes, and BrdU-marked cell turnover methods for this
purpose.

Methods:
To realize this eye model, crystalline lenses removed from
porcine eyes were first measured optically. Porcine eyes were
used since they are readily available and very similar to
human crystalline lenses.
A set of Zernike aberration coefficients, focal length, lens
height and width, and anterior and posterior curvatures were
experimentally measured. Using this data an anatomically
precise model of the lens was obtained, describing each lens
with a unique set of parameters. The model was used to selfconsistently fit the data. The lens model consists of a GRIN
structure with a constant refractive index core. The anterior
and posterior lens surface curvatures are described by conic
sections.

Results: As noted above, age-related changes include an
accumulation of defective lens fiber cell nuclei and nuclear
fragments and the accumulation of large amounts of ROS in
the lens cortex. We have found that the presence of
unresolved lens fiber cell nuclear content appears first in the
bow region; however, it progresses with old age to all cortical
regions. In addition, we found that old mouse lens epithelial
cells (LEC) leave the lens surface at several sites and tunnel
down into the cortex. The surface LEC become less numerous
in the old animal and in a few places patches of LEC covering
disappear, leaving some lens surface sites without cell cover.
Accompanying this, the LEC replication rate in the old mouse
was found to be significantly slower than in the young mouse.
Confocal microscope/fluorescent dye and IHC studies
revealed that in old mice the surface LEC, and even more so
the lens fiber cells accrue the DNA oxidative adduct 8-OH-G.
This occurs in conjunction with the cortical appearance of
ROS, suggesting these events are sequential. In addition, two
lysosomal membrane stains showed minimal presence of
lysosomes in the old mouse lens, while this presence was
quite marked in the young mouse lens. These findings suggest
that functional lysosomes are lacking in the old animal´s lens,

Results and conclusions:
The two most significant optical qualities describing the
crystalline lens are the spherical aberration and the focal
length.
A fit of 5% was achieved between the model and the
experimental data for both of these parameters. By using this
customizable lens model, individual human eye models based
on in vitro measurements of the entire human eye can now be
realized.
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possibly explaining the failure to remove the cellular
particulates that accumulate in the old lens cortex.

LENS ASCORBIC ACID IN DIFFERENT OPACITIES GRADE
AND TYPE OF AGE-RELATED CATARACT

Conclusions: Taken together, the above noted events
correlate with the advancement of murine age-related cataract
to indicate that both cellular dysfunction and oxidative damage
play a major part in its development. The loss of surface cells
may underlie an entry of ROS, resulting in the presence of
oxidized DNA in the old lens cells. The loss of lysosomal
activity is a possible cause for the cortical presence of
unresolved cell nuclei and DNA containing nuclear fragments.
These events are accompanied chronologically by
cataractogenesis. Our future efforts are further directed toward
genetic and molecular causal mechanisms responsible for
these events.
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Introduction/aim: Ascorbate concentration in certain ocular
tissues is relatively high in comparison to the most other body
compartments. Ascorbic acid in lens deals with the photooxidative stress within antioxidation defense and helps the
lens transparence maintaining. Oxidation products of ascorbic
acid may participate in the oxidative modification of lens
proteins as well. This study is aimed to investigate whether is
there relation of oxidative stress and vitamin C redox status in
the lens samples of different age-related cataract opacity type
and grade.

CHANGES IN HIGHER ORDER ABERRATIONS
INDICATIVE OF LENS SUTURE PATTERNS WITH
ACCOMMODATION
R.K. Zoltoski1, J.S. Harthan2, N.R. Hodur2, J.R. Kuszak3
1

DE, 2CCCE, Illinois College of Optometry, 3Ophthalmology,
RUMC, Chicago, IL, USA
Background and aims: Accommodation or near focus is a
main function of the lens. During dynamic focusing, the shape,
as well as the internal ultrastructure of the lens is changed.
Our lab is investigating changes in the ultrastructure of the
lens during accommodation. To further support our hypothesis,
we compared the wavefront analysis in various states of
accommodation, using a consensual stimulus.

Methods: 101 cortico-nuclear lens samples of 101 cataract
patients (46 women and 55 men, average age 72.5) were
homogenized and water-soluble extracts were analyzed for
total vitamin C concentration, ascorbic acid (AA), oxidized
vitamin C (dehydroascorbate + diketogulonate) (DHA), ferric
reducing ability (FRAP) and total hydroperoxides (ROOH).
According to the clinical opacities intensity cataracts were
divided as incipient (N = 41) and total cataracts (N = 60), while
according to the type, there were cortico-nuclear, posterior
subacsulo-nuclear and posterior subcapsular incipient
cataracts. Total cataracts were also analyzed according to
their incipient opacities.

Method: Wavefront analysis and accommodative response
using the iTrace (Tracey Technology, Houston, TX) was
collected on normal subjects, between the ages of 20-35
(n=20). Following adaptation to the room light level, data were
collected from the right eye as the subject viewed a lighted
distance, then near target (40 cm) with their normal correction
using their left eye. Accommodation was stimulated using
minus lenses in 2.5 D increments until the subject could no
longer clearly view the target. The accommodative response
was calculated as the change from the 0D minus lens
refractive value. Data were analyzed using SPSS to correlate
accommodative response with individual zernike polynomials
that were indicative of suture patterns (trefoil, tetrafoil,
pentafoil, hexafoil, and heptafoil). Correlation coefficients and
p values are presented.

Results: Total vitamin C concentration was higher in incipient
cataracts (0.61 ± 0.19 vs. 0.46 ± 0.16 mmol/mg weight; p<
0.001), as well as AA (0.19 ± 0.07 vs. 0.11 ± 0.04 mmol/mg
weight; p< 0.001). However, total cataracts showed significant
shift of vitamin C redox ratio (DHA/AA) towards oxidative state
(3.39 ± 0.69 in total vs. 2.26 ± 0.62 in incipient; p< 0.001).
DHA was significantly higher in mature cataracts which started
as cortico-nuclear (0.44 ± 0.07 vs. 0.33 ± 0.15 and 0.37 ±
0.14. p< 0.05). Additionally, FRAP was significantly decreased
in lenses with total cataract (1.4 ± 0.44 vs. 4.04 ± 1.27
mmol/mg weight; p< 0.001). Cortico-nuclear cataracts had the
lowest FRAP values (p< 0.05) in the both-total and incipient
cataract group, as well as ROOH.

Results: When analyzed as raw data (n=91), there was a
correlation between accommodative response and trefoil (C6 :
0.278, p=0.008 and C9 : -0.210, p=0.045) and heptafoil (C35 :
0.207, p=0.049). To reduce the impact of the large amount of
variability seen in aberrations, the change from relaxed
accommodation (n=72) was assessed. This resulted in a
correlation between accommodative response and trefoil (C9 :
-0.285, p = 0.015, C26 : -0.233, p=0.049 and C37 : -0.330,
p=0.005), tetrafoil (C10 : -0.261, p = 0.027) and hexafoil (C21 :
0.227, p=0.055).

Total hydroperoxides (ROOH) was significantly increased in
lenses with cataract mature (0.05 ± 0.04 vs. 0.03 ± 0.01 nmol
/g weight in incipient cataracts; p< 0.005) and correlated
positively with AA in incipient (r = 0.64; p< 0.001) and cataract
mature lenses (r = 0.56; p< 0.001).

Conclusions: As accommodative demand increased, several
representations of trefoil showed a phase shift from positive to
negative. This would indicate an increase in aberrations in a
pattern indicative of the Y suture present at birth that is
eventually overlain by the increasing complex suture patterns,
as demonstrated by a similar change in tetrafoil. This data
indicates that the lens sutures may play a role in increased
aberrations seen during accommodation. Further research
investigating these patterns is warranted.

Conclusion: Our results suggest that under oxidant conditions
lens ascorbic acid is associated with increased total
hydroperoxides production that may have been involved in the
cataract genesis. The highest oxidation stress level was
measured in cortico-nuclear cataracts.
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SMALL AND SUBTLE DEFECTS IN RED FUNDUS
AUTOFLUORESCENCE IN THE MACULA AND
PERIPAPILLARY REGIONS
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A.E. Elsner, D.A. VanNasdale, T.Y.P. Chui, H.X. Song, B.P.
Haggerty, S.A. Burns

of a chick eye, simulate increases in IOP, and verify that the
resulting eye geometry could produce myopia.

Optometry, Indiana University, Bloomington, IN, USA

Methods: Five 7-day old chick eyes were obtained and stored
in PBS solution. The eyes were painted using red tissue paint
for better visualisation of the exterior edge of the corneoscleral shell. The eyes were embedded in optimum cutting
temperature (OCT) compound, frozen with CO2, and sliced
using a microtome. Photographs were taken every 250
microns and imported into MATLAB® for registration. The
aligned photographs were imported on a set of parallel planes
in SolidWorks® for 3D reconstruction. Abaqus/CAE® was
used to perform the finite element analysis. The corneo-scleral
shell was assumed to be homogeneous and isotropic. Shell
elements with a constant thickness of 150 microns were used
for the analysis. IOP was increased and axial and equatorial
strains were measured. The model was validated with
previously obtained pressure-volume data on real chick eyes.

Background and aims: To probe macular and peripapillary
defects, that are too small, subtle, or early in disease
development to be considered clinical signs of active retinal
disease, yet seen on techniques that report on deeper layers,
such as defects in the distribution of fundus autofluorescence.
Methods: The fundi of five subjects, 2 females and 3 males
aged 33 - 59 yr, were imaged with red fundus
autofluorescence, using a Scanning Laser Ophthalmoscope
and 594 nm illumination. This technique maps the distribution
of intrinsic fluorescence of lipofuscin in the Retinal Pigment
Epithelium (RPE) and fluorophores in similar wavelength
ranges across a 27 x 23 deg field, minimizing absorption
artifacts from ocular melanin or macular pigment. The light
returning from the fundus was sampled through a barrier filter,
with a steep cut-on less than 610 nm and 5.5 log units
extinction. Images were sampled at 30 Hz and with 750 x 456
pixels at 8 bits of grayscale. The RPE was further assessed
with three Near Infrared techniques:

Results: The finite element model predicts that chick eyes
deform more in the axial than in the equatorial direction as
pressure increases. Also, the model predicts that IOP
increments cause axial elongation and horizontal equatorial
contraction followed by expansion in chick eyes. Both of these
results are confirmed by the experiment on real chick eyes. A
sphere with constant thickness and isotropic and
homogeneous material properties expands uniformly in all
direction with increasing pressure, therefore the finite element
model shows that the oblate geometry of a chick eye
elucidates its deformation.

1) Scanning Laser Polarimetry (GDx),
2) Adaptive Optics Scanning Laser Ophthalmoscopy AOSLO), and
3) Spectral Domain Optical Cohernece Tomography (SD-OCT,
Heidelberg Spectralis).

Conclusions: This study showed that elevated IOP is capable
of producing axial elongation and therefore myopia in chick
eyes. The oblate geometry of the chick eye explains the
greater axial deformation and the initial contraction in the
equatorial direction. This suggests that the interaction of
elevated IOP and eye geometry could play a role in myopia
onset and progression. In future work, the finite element model
can be used to study the effect of muscle forces
(accommodation, convergence, etc.) and tissues mechanical
properties on eye geometry.

Further image processing permitted comparison across
multiple field sizes and magnifications.
Results: Features in red autofluorescence were clearly seen
as either small patches of hypofluorescent or hyperfluorescent.
For structures that are normally obscured by the highly
reflective retina, each of the three Near Infrared techniques
could detect macular or peripapillary structures seen as
defects in the red autofluorescence. The visibility of the
defects depended on the spatial resolution of each instrument
and the experimental conditions being optimized to detect the
deeper fundus layers. For example, one peripapillary structure
lying beneath a thick region of retinal nerve fiber layer was
seen as a small notching in of the hypofluorescent
peripapillary border, a very bright structure in the depolarized
light image, elevation of deeper layers on SD-OCT, and a
highly scattering 120 micron body on AO-SLO.
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SHARED GENETIC DETERMINANTS OF AXIAL LENGTH
AND HEIGHT IN CHILDREN: THE GUANGZHOU TWIN EYE
STUDY
M. He, J. Zhang

Conclusions: By using techniques that reduce the unwanted
but strong light return from the superficial retinal layers, the
deeper fundus layers are demonstrated to have small or subtle
defects in the macular and peripapillary regions.

Zhongshan Ophthalmic Center, Sun Yat-sen University,
Guangzhou, China
Purpose: To describe the association between axial length
(AL) and height and estimate the extent to which shared
genetic and/or environmental effects influence this covariance.

Supported in part by EY007624 to AEE, EY004395 and
P30EY019008 to SAB, and BRP grant EY014375.

Methods: The study participants were recruited from the
Guangzhou Twin Registry. AL was measured using a partial
coherence laser interferometry. Height was measured with the
participants standing without shoes. We computed twin pairwise correlations and cross-trait cross-twin correlations
between AL and height for monozygotic (MZ) and dizygotic
(DZ) twins and carried out model-fitting analyses using a
multivariate Cholesky model. The right eye was arbitrarily
selected to represent AL of the specific individual.
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FINITE ELEMENT MODEL OF THE CHICK EYE AND ITS
APPLICATION TO MYOPIA
R. Genest1, N. Chandrashekar1, E.L. Irving2
1

Mechanical and Mechatronics Engineering, 2School of
Optometry, University of Waterloo, Waterloo, ON, Canada

Results: 565 twin pairs (359 MZ and 206 DZ) aged 7-15 years
were available for analysis. The phenotypic correlation
between height and AL was 0.46 but was reduced to 0.19 after
adjusting for age, sex and their interaction. Bivariate Cholesky
model-fitting analyses revealed that 89% of the phenotypic
correlation was attributable to shared genetic effects and only
11% was due to shared random environmental factors
including measurement error.

Background and aims: In most cases of human myopia, the
refractive error is axial, that is, the anteroposterior dimension
of the eye is longer than normal causing light from distant
objects to be focused in front of the retina. The reasons for
excessive axial length are still unknown, but studies suggest
that intraocular pressure (IOP) is higher in myopes. The
purpose of this study was to construct a finite element model
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progressively increase as the photoreceptor outer segments
elongate, reaching a maximum in P14 retinas and decreasing
thereafter. The 7R mRNA levels of P30 retinas are
approximately 50% of those in the P14 retinas. An antibody
generated in rabbit against the C-terminus of 7R recognizes
two forms of the 7R protein with low (39kD, 7RL) and high
(117kDa, 7RH) molecular masses on Western blots of adult
mouse retinal extracts. The 7RL protein is expressed in rod
and cone cell bodies and all other retinal cells. In contrast, 7RH
is exclusively present in cone outer segments (COS) and it
may correspond to a homotrimer of 7RL. Quantification of the
7R proteins during development showed minimal changes in
7RL levels from P5 until P14; thereafter, 7RL levels decreased
as mice grew older. Conversely, 7RH levels increased from P5,
when they are undetectable, to P14 and then remained the
same through adulthood. Interestingly, the expression profile
obtained after adding 7RL and 7RH levels correlated very well
with that of 7R mRNA. Thus, expression of 7RL and 7RH as
well as 7R mRNA in the mouse retina is age-dependent. The
distribution of 7RH in different types of cone photoreceptors
was also examined. 7R-immunoreactivity consistently
colocalized with opsin in S and M cones. Further studies on
the 7RH protein may allow us to better understand its role
during the growth and maturation of COS.

Conclusions: The covariance of height and AL is largely
attributable to shared genes. Given that AL is one of the key
determinants for myopia, further work is needed to confirm the
gene sharing between myopia and stature.
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EFFECTS OF PEPTIDE TCDL ON RETINAL PIGMENT
EPITHELIAL CELLS
K. Abe1,2, H. Mishima2, K. Sugioka1, Y. Shimomura1
1
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Purpose: During the development of proliferative
vitreoretinopathy (PVR), retinal pigment epithelial (RPE) cells
have been reported to express α-smooth muscle actin (αSMA) and contract the proliferative tissue. We previously
reported that tetra peptide TCDL derived from SPARC
(osteonectin) inhibited the expression of α-SMA by corneal
fibroblasts (ARVO 2007). To further determine if peptide TCDL
could prevent the development of PVR, we investigated the
effects of peptide TCDL on the expression of α-SMA and
collagen gel contraction by RPE cells in this study.

[Supported by Hope for Vision.]
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Methods: Human RPE cells (ARPE-19) were embedded in a
type 1 collagen gel (3.0x105 cells/well) and cultured. Peptide
TCDL (1 mM) and/or TGF-β (5 ng/ml) were added to the
medium. Subsequently, the cell shape in the gel and the
diameter of the gel were assessed. In addition, the expression
of α-SMA by RPE cells was estimated by western blot method
using specific antibody against α-SMA.

HIGH GLUCOSE DOES NOT AFFECT THE COMPOSITION
OF AMPA RECEPTORS OR THEIR INTERACTION WITH
REGULATORY PROTEINS IN RETINAL NEURAL CELLS
A. Ambrosio1,2, A. Castilho2, J. Liberal2, F. Baptista2, J.
Gaspar1,2, A. Carvalho1,3

Results: RPE cells cultured in the collagen gel appeared to be
spindle-shaped and the diameter of the gel gradually
decreased in proportion to the culture period. In the presence
of peptide TCDL, the cells however kept their spherical shape
and the gel contraction was completely abolished. When
peptide TCDL was added to the medium after a 24-hour
cultivation, the gel contraction was inhibited although the
spindle-shaped RPE cells did not change their shape. The
addition of TGF- β accelerated the gel contraction regardless
of the presence of peptide TCDL. Moreover, the expression of
α-SMA by RPE cells was decreased by the addition of peptide
TCDL.

1

Center for Neuroscience and Cell Biology, University of
Coimbra, 2IBILI, Faculty of Medicine, University of Coimbra,
3
Department of Life Sciences, University of Coimbra, Coimbra,
Portugal
Diabetes prevalence has been increasing dramatically
worldwide and one of its major complications is diabetic
retinopathy. This disease is a leading cause of vision loss and
blindness among working age adults in western countries. In
addition to alterations in retinal vasculature, evidences of
alterations in contrast sensitivity and color vision in diabetic
patients have also been reported, indicating that the neural
retina is also affected by diabetes. A few studies have
suggested that changes in glutamatergic transmission may be
involved in retinal neurodegeneration during diabetes. Since
alpha-amino-3-hydroxy-5-methylisoxazole-4-propionic
acid
receptors (AMPAR) have a crucial role in retinal
neurotransmission, the aim of this work was to investigate
whether elevated glucose could affect the assembly of AMPA
receptors and the interaction of the GluR2 subunit with two
regulatory proteins involved in the trafficking of GluR2containing AMPAR, GRIP1 and NSF, that control the
trafficking of these receptors.

Conclusions: Peptide TCDL inhibited the expression of αSMA and collagen gel contraction by RPE cells. These results
suggested that peptide TCDL might have the potential for
hindering the progression of PVR.
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THE RHOMBOID-LIKE PROTEIN, 7R, IN MOUSE
PHOTORECEPTORS

Rat retinal neural cells were isolated from newborn Wistar rats
and were cultured for 7 days. Retinal cells were exposed to
high D-glucose (30 mM), to mimic hyperglycemia, or Dmannitol (24.5 mM + 5.5 mM glucose), as osmotic control, for
24, 48 or 96h. The composition of the receptors was evaluated
by co-immunoprecipitation assays and the immunoreactivity of
GluR1, GluR2, GluR4, GRIP1 and NSF was assessed by
western blotting.

N. Akhmedov, Y. Gribanova, C. Njoku, C. Yamashita, D.
Farber
Jules Stein Eye Institute/UCLA, Los Angeles, CA, USA
Our initial studies on the 7R gene revealed that a mutation in
its sequence is associated with autosomal recessive retinitis
pigmentosa. Furthermore, they showed that 7R is a
membrane-associated rhomboid-like protein of unknown
function that is localized in the ER/Golgi apparatus region of
transfected HEK 293 cells. The purpose of the present study
was to investigate whether there are any age-dependent
changes in the expression profile of 7R mRNA and protein.
qRT-PCR on retinal samples from mice of different ages
showed that 7R mRNA levels are low in P1 and P5 retinas and

Elevated glucose increased the protein levels of GluR2
subunit, but did not alter the levels of GluR1 or GluR4
subunits. Elevated glucose also did not induce changes in the
interaction between GluR1-GluR2, GluR1-GluR4, or GluR2GluR4 subunits of AMPA receptors, or the interaction of GluR2
with GRIP1 or NSF.
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These results suggest that high glucose induces a specific
increase in the content of GluR2 subunit of AMPAR, but does
not affect the interaction between the subunits GluR1, GluR2
and GluR4, nor the interaction between the GluR2 subunit and
GRIP1 and NSF, in rat retinal neural cells.
This work was supported
PTDC/SAU-NEU/71228/2006;
SFRH/BD/30235/2006).

by
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THE EFFECT OF BEVACIZUMAB ON MMP-2 PRODUCTION
AND ACTIVITY IN HUMAN RETINAL PIGMENT
EPITHELIAL CELL CULTURE

[FIGURE]

A. Bagheri1, Z.-S. Soheili2, H. Ahmadieh3, S. D.Alipour2, S.
Samiei4, M. Rezaei3, A. Dizaji2
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CELL HOMING ASSESSMENT OF CD133+/CD34+
ENDOTHELIAL PROGENITOR CELLS IN PARALLEL
PLATE FLOW CHAMBER
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University School of Medicine, Nashville, TN, USA

Background and aim: Age-related macular degeneration
(AMD) is characterized by pathologic angiogenesis and
accumulation of various lipid-rich extracelular matrix deposits
under the retinal pigment epithelium (RPE) which secrete
matrix metalloproteinases (MMPs). Secretion of MMPs allows
endothelial cells to penetrate their underlying basement
membrane and eliminates the contact inhibition that normally
blocks endothelial cell proliferation. In this study we
determined how bevacizumab influences the quantity and
activity of MMP-2 as the main expressed MMP in RPE cell
cultures.

Bone marrow-derived endothelial progenitor cells (EPCs) have
been shown to play a significant role in the neovascularization
of vascular diseases. In many of these diseases, including
diabetic retinopathy and age-related macular degeneration,
elevated stromal derived factor-1 (SDF-1) is observed in the
neovascular tissue, and this is believed to play an important
role in EPC homing function. Little is known about other
factors that might contribute. This study sought to develop an
in vitro system of evaluating EPC homing capacity in
conditions relevant to ocular disease. Bone marrow was
isolated from 4-6 week old Brown Norway rats and a
population of EPCs was identified and isolated using the
markers CD34, CD133 and CXCR4 in fluorescence-activated
cell sorting experiments. Isolated EPCs were labeled with
quantum dot-conjugated acetylated LDL. Labeled EPCs and
mature endothelial cells (ECs) were placed into a parallel plate
flow chamber (PPFC) in separate experiments. In the first,
cells were allowed to flow at 15 dynes/cm2 shear stress over
exposed extracellular matrix (ECM) and in the second, over
conditioned endothelial monolayer (EML). The ECM conditions
tested were hyaluronic acid (HA) or chondroitin sulfate (CS)
with and without SDF-1. EMLs were conditioned by a 24-hour
pretreatment in either hypoxia (0% oxygen) or normoxia
(20.9% oxygen). In the ECM studies, EPCs were found to be
3-fold (p< 0.001) more adherent to HA than CS, and this
adherence was increased 67% (p< 0.01) with the addition of
SDF-1 to HA. EPC adherence to HA + SDF-1 was reduced by
56% (p< 0.01) by incubating the EPCs with anti-CXCR4 for 10
minutes prior to their addition to the PPFC. Compared to the
ECs, EPCs were 59% (p< 0.01) more adherent to HA alone,
and 2.6-fold (p< 0.001) more adherent to HA + SDF-1. In the
EML studies, EPC adherence was increased by 33% (p< 0.05)
when EML were treated with hypoxia relative to normoxia. The
133+/34+ surface antigen specific EPC subpopulation
demonstrated a 28% (p< 0.05) increased adherence to this
hypoxia-treated EML relative to the non-specifically selected
EPCs.The in vitro system has demonstrated adherence of
EPCs to ECM and EMLs. Additional refinement will allow the
system to model other aspects of damaged blood vessel walls
found in ocular neovascular diseases. This high throughput
system will then be used to characterize homing of other EPC
subpopulations and to investigate the roles of EPCs in
pathological disorders of the eye.

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 to 80%
confluency the medium was removed and 0.25 mg/ml of
bevacizumab was used in serum free medium. After 48 hours
the medium was collected, centrifuged and concentrated 8 fold
and assessed for MMP-2 by zymography and western blot
analysis.
RPEs' RNA was also extracted and reversely transcribed
using Qiagen cDNA synthesis kit and subjected to
amplification by Real-Time PCR.
Results: At the concentration of 0.25 mg/ml of bevacizumab,
zymography and western blot determined increased
gelatinolytic activity and also increased secretion of MMP-2 for
drug-treated cultures. Real-Time PCR indicated an increment
about 2-fold in MMP-2 mRNA of RPE cultures exposed to
drug.
Conclusion: MMP-2 is an extracellular matrix degradative
enzyme, it has a major role on cell behaviors such as cell
proliferation, differentiation and migration, so an increase in
it´s quantity or activity can cause morphogenesis and
angiogenesis. Thus according to the aforementioned
information that obviously has revealed an inductive effect of
bevacizumab on MMP-2, application of this drug for AMD
needs more investigations.

[EY07533, AG031036, EY08126]
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Results: Incubation of rMC1 cells with all-trans retinol yielded
60 pmol/mg of all-trans retinyl esters (n=3) and incubation with
11-cis retinol yielded no 11-cis retinyl ester. Primary chicken
Müller cells incubated with all-trans retinol yielded 282
pmol/mg of 11-cis retinyl ester and 47 pmol/mg all-trans retinyl
ester. Incubation of primary chicken Müller Cells with 11-cis
retinol yielded 5.6 pmol/mg of 11-cis retinyl esters (n=3).
Primary bovine Müller cells incubated with all-trans retinol
yielded 30 pmol/mg of all-trans retinyl esters (n=4) and
incubation with 11-cis retinol yielded 12 pmol/mg of 11-cis
retinyl esters (n=4).

HEPARIN AS COFACTOR FOR PEDF LIGAND:RECEPTOR
INTERACTIONS
S.P. Becerra, S. Locatelli-Hoops
NEI/NIH, Bethesda, MD, USA
The extracellular matrix is critical for cell viability and the
interactions of extracellular matrix components with cytokines
and growth factors play an important role in cell physiology.
Pigment epithelium-derived factor (PEDF) is a multifunctional
protein with retinal survival activity and antiangiogenic
properties. It has affinity for PEDF-R, a cell surface receptor,
and for extracellular matrix components. In previous studies,
we demonstrated that the sulfated glycosaminoglycans
heparin and heparan sulfate increase the binding affinity of
PEDF for cell-surface receptors in human retinoblastoma Y-79
cells. Given that heparin induces conformational changes in
PEDF, we propose that heparin/heparan sulfate are cofactors
or binding partners that stimulate the PEDF ligand:receptor
interactions. The purpose of this study is to examine the
effects of heparin on PEDF binding to the receptor PEDF-R.

Conclusion: rMC1 and primary bovine Müller cells from roddominated retinas have all-trans retinyl ester synthase (ARAT)
activity but no isomerase activity. Primary bovine Müller cells
have 11-cis retinyl ester synthase activity. Primary chicken
Müller cells from cone-dominated retinas have both 11-cis and
all-trans retinyl ester synthase as well as isomerase activity.
Acknowledgements: We thank Dr. Alberto Muniz, the
Kronkosky Charitable Foundation, the UTSA Center for
Research Training and Support in the Sciences (CRTS), the
UTSA College of Science- Office of the Dean, the UTSA
Collaborative Research Seed Grant (CRSGP), the South
Texas Technology Management (STTM), and the UTSA
MBRS/RISE program for their funding and support.

Recombinant human PEDF (rhuPEDF) was obtained from
media of stably transfected BHK cells harboring expression
plasmids with human PEDF cDNA and purified to near
homogeneity. RhuPEDF was chemically modified by
fluorescein conjugation (Fl-PEDF) and peptide mass
fingerprinting showed that critical residues for heparin binding
were conjugated with fluorescein. Synthetic peptides derived
from the PEDF-binding region in PEDF-R were used to
prepare affinity resins for PEDF-binding by affinity
chromatography. PEDF bound to heparin-affinity resin and the
binding was competed with soluble heparin. Fl-PEDF lacked
heparin binding, but bound the PEDF-R peptides with high
affinity. However unmodified PEDF had modest binding affinity
for PEDF-R peptides, which increased significantly with
additions of soluble heparin. The results demonstrate that
heparin can stimulate the binding of PEDF to PEDF-R peptide.
They support the idea that the heparin-induced conformational
changes increase the affinity of PEDF for PEDF-R and that
heparin/heparan sulfate may act as cofactor of the PEDF
ligand:receptor interactions in vivo.
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THE ROLE OF PPAR-Β/D IN PATHOLOGICAL RETINAL
ANGIOGENESIS
M.E. Capozzi, G.W. McCollum, J.M. Barnett, A. McGoff, J.S.
Penn
Vanderbilt Eye Institute, Vanderbilt University, Nashville, TN,
USA
Background and aims: Peroxisome proliferator-activated
receptors (PPARs) are members of the nuclear receptor
superfamily of transcription factors activated by a number of
ligands, including naturally occurring fatty acids, NSAIDs, and
prostaglandins. There are three PPAR subtypes namely - α,
β/d, γ, and evidence suggest that PPAR-β/d may regulate
VEGF-induced pathological angiogenesis. We investigated the
effect of PPAR-β/d activation and inhibition on retinal
microvascular endothelial cell (RMEC) proliferation. In diabetic
mouse or OIR rat models, we also investigated the retinal
levels of:
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ARAT AND RETINOL ISOMERASE IN MÜLLER CELLS
FROM ROD AND CONE-DOMINATED RETINA
B. Betts, A.R. Trevino, A. Tsin

1) the endogenous PPAR β/d activating ligand, PGI2,

Biology, The University of Texas at San Antonio, San Antonio,
TX, USA

2) ADRP mRNA, a marker for PPAR β/d activation; and
3) PPAR β/d and VEGF protein.

Introduction: Recent reports have suggested cone visual
pigments regenerate via a retinal biochemical pathway
involving Müller cells. Research from our laboratory showed
that chicken retinal membranes synthesized 11-cis retinyl
ester from all-trans retinol in the presence of palmitoyl
coenzyme A; demonstrating retinol isomerase and retinyl ester
synthase (ARAT) activities in the retina. We hypothesize that
this synthase and isomerase activity is present in retinal Müller
cells of both cone- and rod-dominated retinas.

Methods: RMEC were isolated from P14 rats and identified
using immunocytochemical staining with an antibody against
VE-cadherin. RMEC were seeded, serum starved for 12 hours,
then treated with PPAR-β/d agonist GW501516. Proliferation
was quantified by BrdU incorporation. Eight-week old
C57BL/6J mice received intraperitoneal injections of
streptozotocin (200 mg/kg). The blood glucose levels of these
mice were monitored for three weeks. Retinal levels of PGI 2
and VEGF were assayed by ELISA. Relative levels of ADRP
mRNA compared to ß-actin were assayed by qRT-PCR. Eyes
from OIR rats, were enucleated, sectioned and stained for
PPAR-β/d immunoreactivity.

Methods: In this study, rat Müller cells (rMC-1), primary
chicken Müller cells, and primary bovine Müller cells were
cultured in Dulbecco´s modified essential medium (DMEM) +
10% fetal bovine serum (FBS) at 37ºC until confluent. Cells
were incubated for 24h with all-trans retinol or 11-cis retinol +
Bovine Serum Albumin (BSA). Cells were harvested and
homogenates were prepared. Reaction products were
extracted and analyzed using high performance liquid
chromatography (HPLC).

Results: GW501516 significantly induced proliferation in
RMEC (p< 0.001). Notably, GW501516 induced RMEC
proliferation more than did VEGF (p< 0.02). The STZ treated
mice showed a 4-fold (p< 0.001) elevation of PGI2 levels over
control mice. Retinal ADRP and VEGF levels were increased
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>60% (p< 0.05) and 6-fold (p< 0.0005), respectively. In the
OIR model post-oxygen exposure, immunohistochemical
staining showed increased PPAR-β/d immunoreactivity
localized to the inner retina in a pattern consistent with Müller
cell expression.

1

Conclusions: In vitro, the activation of PPAR-β/d leads to
increased RMEC proliferation, suggesting a role in the
regulation of angiogenesis. In vivo, our data suggest that the
onset of hyperglycemia in STZ mice triggers PPAR-β/d
activation, perhaps contributing to early events in the
pathogenesis of diabetic retinopathy. In OIR, increased retinal
PPAR-β/d expression immediately precedes the development
of pathological pre-retinal neovascularization. These findings
suggest that PPAR-β/d may constitute a novel and rational
target for chemotherapeutic intervention in ocular
angiogenesis.

Purpose: It has been established that the retinal pigment
epithelial (RPE) cells possess high capacity to give rise to
retinal neurons and neural progenitors under specified
conditions. This study was performed to show that RPEderived retinal neurons and progenitors could be developed in
normal RPE cultures.

National Institute of Genetic Engineering and Biotechnology,
Ophthalmic Research Center, Shahid Beheshti University of
Medical Sciences, 3Iranian Blood Transfusion Organization
Research Center, Tehran, 4Department of Biology, School of
Science, Razi University, Kermanshah, Iran
2

Methods: RPE cells were isolated from postnatal human
globes and were plated and grown in DMEM/F12
supplemented with 10% FBS. To confirm the RPE origin of the
cultures expression of RPE65 protein was examined by
immunocytochemistry. To investigate the presence of retinal
neurons or progenitors, nestin (as the neural progenitor
marker), pkcα (as the bipolar cell marker) and cellular retionic
acid binding protein1 (CRABP1, as the amacrine cell marker)
were evaluated by immunocytochemistry method .The gene
expression of the mentioned markers was examined applying
reverse transcription- polymerase chain reaction (RT-PCR) to
amplify 175, 171 and 197bp-long fragments of nestin , Pkcα
and CRABP1 genes, respectively.

Support acknowledgements: R01-EY07533, T32-EY07135,
P30-EY08126, Research to Prevent Blindness, Inc.
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POST-PRENYL PROCESSING OF PROTEINS IS
ESSENTIAL FOR SURVIVAL AND FUNCTION OF
PHOTORECEPTOR NEURONS

Result: Nearly all cells were immunoreactive for RPE65 in
early cultures, whereas they significantly decreased in number
through consecutive passages. The expression of PKCα,
CRABP1 and nestin were immunocytochemically detected
(passages >5) and related mRNAs were demonstrated by RTPCR.

J. Christiansen1, M. Bergo2, V. Ramamurthy3
1

Sensory Neuroscience Research Center, West Virginia
University, Morgantown, WV, USA, 2University of Gothenburg,
Gothenburg, Sweden, 3Ophthalmology, West Virginia
University, Morgantown, WV, USA

Conclusion: These findings showed that RPE cultures were
capable of transdifferentiation toward retinal neurons including
bipolar cells and amacrine cells and they also culminated to
neural progenitors under normal culture conditions. This
implies that RPE cells can be considered as a promising
source to develop other retinal cells in retinal cell-replacement
therapies

Post-prenyl processing (PPP) of proteins resulting in carboxyl
methylation of their C-termini is part of a post translational lipid
modification referred to as prenylation. The importance of PPP
is underscored by embryonic lethality observed in mice
defective in PPP. While it is clear that the first step of
prenylation, the addition of the lipid prenyl group is needed for
the association of proteins with membranes, the significance of
the additional smaller methyl group is not obvious. It is thought
that methylation, a reversible modification, may enhance the
hydrophobicity of proteins modulating their association with
membranes. Alternatively, methylation has been proposed to
assist in assembly of multimeric signaling proteins. Several
proteins in photoreceptor neurons, particularly in the outer
segments, involved in light signal transduction are methylated.
These include heteromeric proteins such as transducin and
phosphodiesterase or monomeric rhodopsin kinase and a
group of small GTPases. To evaluate the role of this protein
modification in the survival and function of the retinal neurons,
we specifically disrupted PPP in the developing mouse retina
at embryonic day 9. Surprisingly, retina lacking PPP are able
to develop normally up through postnatal day eight (P8) with
no observed cell death. However at P10, when ciliated
photoreceptor outer segment development begins, apoptosis
is evident in the photoreceptor layer of retina lacking PPP.
Even though photoreceptor nuclei can be observed in P14
sections, rod photoreceptor neurons do not function as
measured by light evoked potentials recorded by
electroretinogram
(ERG).
Our
studies
conclusively
demonstrate that methylation is critical for proper functioning
and stability of photoreceptor neurons.
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[Figure]
DETECTION OF RETINAL NEURAL CELLS AND
PROGENITORS IN NORMAL RETINAL PIGMENT
EPITHELIUM CULTURES

Figure1. (A) RPE65-positive cells in earlier RPE cultures.
Specific retinal cell markers in passage 6 of RPE cultures: (B)
nestin (neural progenitor), (C) PKCα (bipolar cells) and (D)
CRABP1 (amacrine cells). (E) Expression of nestin, PKCα and
CRABP1 genes transcripts. { magnification: 8x20 for (A), (B)
and (C) : 8x40 for (D)}

M. Davari1, H. Ahmadieh2, Z.-S. Soheili1, F. Sanie-Jahromi1,
S. Ghaderi1, M. Rezaie Kanavi2, S. Samiei3, H. Akrami4
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NEURAL PROGENITOR CELLS ARISING FROM AMNIOTIC
FLUID (AF) TREATED RETINAL PIGMENT EPITHELIUM
(RPE) CELL CULTURES
F. Sanie-Jahromi1, Z.-S. Soheili1, H. Ahmadieh2, M. Davari1, S.
Ghaderi1, M. Rezaie-Kanavi2, S. Samiei3, A. Dizaji1, J.
Pakravesh4
1
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Research Center, 4Department of Obstetrics & Gynecology,
Aban General Hospital, Tehran, Iran
2

Purpose:
Seeking for retinal-neural progenitor cells as a prospective
therapeutic substrate for eye diseases, RPE cell cultures were
established and treated with amniotic fluid (AF).
AF is an organic pure composite having tremendous
proliferative impacts on multipotent embryonic cells. AF effects
on the cultured RPE cells were evaluated utilizing several
methods.

Fig. 1 : ELIZA assay

Methods:
RPE cells harvested from neonatal cadaver globes, obtained
from Central Eye Bank of Iran, were cultured in Dulbecco´s
Modified Eagle Medium (DMEM):F12 supplemented with 10%
FBS.
In definite passages, cells were trypsinized and co-cultured
with 30% AF (obtained from normal fetuses with gestational
ages of about≤ 12 weeks).
AF inductive growth effect on RPE cells from different
passages was assessed employing ELISA cell proliferation
and cell death kit according to the supplier instruction manual
(Roche, Germany).
Retinal progenitor markers (Pax6 & Chx10) expression was
assessed and enumerated through immunocytochemical
analysis of RPE cells from passage 6, according to Santa Cruz
protocol.
Confirming the previous data, RNA extraction (QIAGEN,
Germany), cDNA synthesis and real time polymerase chain
reaction (RT-PCR) (Roche, Germany) were also performed.
Fig. 2 : Immunocytochemistry analysis

Results:
ELISA assay represented a salient increase in RPE cells´
growth rate cultivated in 30% AF, compared with those grown
in the absence of AF.
No meaningful disparity in proliferation rate was discerned
between
treated
and
control
cultures
(Fig.
1).
Immunocytochemical analysis exhibited nuclear localization of
progenitor markers in a ratio of 33% and 27% for chx10 and
pax6 respectively (Fig. 2).
This indicated a 3 fold raise in AF treated cultures compared to
control cultures, Real-Time PCR data was concurring with the
foregoing results approving the AF capacity of promoting
progenitor cell propagation.
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HUMAN AMNIOTIC FLUID PROMOTES RETINAL
PIGMENTED EPITHELIAL CELLS TRANSDIFFERENTIATION INTO ROD PHOTORECEPTORS
H. Ahmadieh1, S. Ghaderi2, Z.-S. Soheili2, M. Davari2, F.
Sanie jahromi2, A. Dizaji2, S. Samiei3, M. Rezaei1, J.
Pakravesh4
1

Ophthalmic Research Center, Shahid Beheshti University of
Medical Sciences, Tehran, Iran, 2National Institute of Genetic
Engineering and Biotechnology (NIGEB), 3Iranian Blood
Transfusion Organization Research Center, 4Department of
Obstetrics & Gynecology, Aban General Hospital, Tehran, Iran

Conclusion:
The presented data imply the phenomenal influence of AF on
RPE cells´ culture, indicating its qualified fitness for FBS
replacement in the medium and its potential to induce RPE
cells proceeding toward progenitor cells.
These progenitor cells can be a convenient source for cell
replacement therapy in retinal diseases.

Purpose: A comparative analysis of RPE cells' potential to
trans-differentiate into rod photoreceptors in AF-containing
medium versus serum-containing medium.
Methods: RPE cells were isolated from early postnatal human
donor globes using dispase I enzyme and were grown in
DMEM/F12 supplemented with 10% FBS. Monolayer cells in
passages 1 and 6 were cultured for one week in: DMEM/F12
supplemented with 10% FBS or DMEM/F12 supplemented
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with 30%AF. Immunocytochemical analysis was performed
using rhodopsin specific primary and secondary (FITClabeled) antibodies according to Santa cruz recommended
protocol. Cell nuclei were counterstained with DAPI.

and C5, are expressed during limb and lens regeneration in
salamanders (Del Rio-Tsonis et al., 1998; Kimura et al., 2003).
The timing of this expression might indicate that it is correlated
with the process of dedifferentiation and production of
embryonic/stem cell-like cells. So we wanted to explore the
possible involvement of the critical components C3 and C5 in
retina regeneration.

Results: We could not detect rhodopsin-positive cells in
passage 1 that simply means the absence of rod
photoreceptors in early growth stages, while in mid passage
number (passage 6), sharp and definite pattern of rhodopsin
protein signal was determined indicating trans-differentiation of
RPE cells into rod photoreceptors (Figure 1).The number of
rod-positive cells was the same for AF-containing and serumcontaining culture media (10-20%).

Methods and results: To study the expression, we have
generated antibodies specific to chick C3 and C5 molecules
and used RTPCR and in situ hybridization to detect the mRNA
for C3, C5 and the receptors C3aR and C5aR. Expression of
both secreted proteins was demonstrated in intact embryonic
eyes as well as in eyes undergoing different stages of retina
regeneration. We have also detected C3aR and C5aR in the
anterior region of the intact embryonic eye via RTPCR. To
assess the in vivo role of Complement in retina regeneration,
we injected C3a or C5a in the eye cavity post-retina removal in
the absence of any growth factors and found out that each of
the components can induce retina regeneration via activation
of stem/progenitor cells or via the reprogramming of RPE cells.
Conclusions: The complement factors, C3a and C5a, are
able to induce retina regeneration in the absence of
exogenous FGF. These results suggest complement factors
may induce retina regeneration by a novel mechanism
independent of the FGF pathway.
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CAMKII INHIBITOR PROTECTS RETINAL GANGLION
CELLS BY INHIBITING CASPASE-3 ACTIVATION IN
RETINAL ISCHEMIA-REPERFUSION MODEL
W. Fan1,2, M. Zhang1, N.G.F. Cooper1
1

Anatomical Sciences & Neurobiology, University of Louisville,
Louisville, KY, USA, 2Opthalmology, West China
Hospital/Sichuan University, Chengdu, China

[Figure1]

Purposes: Retinal ganglion cell (RGC) death is a major
contributing factor for visual impairment in diseases, such as
retinal ischemia. We have previously shown the presence of
two isoforms of calcium/calmodulin-dependent protein kinaseIIα (CaMKIIα), i.e., cytoplasmic and nuclear CaMKIIα in the
RGCs. CaMKIIα is a multifunctional kinase and
autophosphorylated in an NMDA-induced RGC death model.
CaMKIIα inhibitor affords neuroprotection to RGC in response
to NMDA or glutamate stimulation. Autophosphorylation of
CaMKIIα activates the downstream pathways at the
cytoplasmic level and inhibits nuclear targeting of the nuclear
CaMKIIα. We postulate that cytoplasmic CaMKIIα is involved
in cell death by activating cell death pathways, whereas the
nuclear CaMKIIα promotes cell survival by enhancing
expression of survival genes. Thus, the balance of these two
kinases may decide the fate of RGCs. The purpose of the
present study is to determine if there is any involvement of the
CaMKIIα signal transduction pathway in retinal ischemia.

Figure 1: Immunostaining for rod photoreceptor marker ,
rhodopsin. (A1 & B1) Cells were cultured in 10%FBS
containing medium. (C1,D1,E1 and F1) Cells were cultured in
30%AF containing medium. (A2,B2,C2,D2,E2 and F2) nuclei
of cells were stained blue using DAPI. All images
magnification is 8×40.
Conclusions: Results suggest that human AF contains
growth factors which are needed for RPE cell transdifferentiation. Although FBS is a well known supplement, AF
can be regarded as a newly introduced resource for serum
free kinds of media used in neural retina regeneration studies.
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THE ROLE OF COMPLEMENT IN RETINA REGENERATION

Methods: Retinal ischemia was induced by transiently
elevating the intraocular pressure in Long Evan rats to 110
mmHg for 60 minutes, with or without the autocamtide-2related inhibitory peptide (AIP, a specific CaMKII inhibitor).
The AIP was injected intravitreally two hours before inducing
ischemia. A sham IOP procedure served as a control.
Following reperfusion for various periods of time, cell death
was assessed on retinal flat mounts with the aid of Annexin-V
conjugated to AlexaFluor. Phosphorylation of cytoplasmic
CaMKIIα and activation of Caspase-3 were determined by
western blots. Expression of nuclear CaMKIIα is determined
by real-time PCR.

T. Haynes1, A. Tzekou2, A. Luz Madrigal1, C. Gomez1, J.
Lambris2, P. Tsonis3, K. Del Rio-Tsonis1
1

Zoology, Miami University, Oxford, OH, 2Research Medicine
Department of Pathology, University of Pennsylvania,
Philadelphia, PA, 3Biology, University of Dayton, Dayton, OH,
USA
Background and aims: The embryonic chick is able to
regenerate a complete neural retina after retinectomy by
activation of retinal stem/progenitor cells present in the
anterior margin of the eye or via the reprogramming of the
Retinal Pigmented Epithelium (RPE). Retina regeneration
takes place as long as a source of growth factor such as
Fibroblast growth factor (FGF) is present in the eye cup. In the
past, we have shown that the Complement components, C3

Results: Twenty-four hours after reperfusion, apoptotic RGCs
were detected in ischemic retinas. On the one hand,
expression of nuclear CaMKIIα increased with time after
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reperfusion and peaked at 24 hours. On the other hand,
phosphorylated cytoplasmic CaMKIIα was detected in
ischemia at early time points in extracts of cytoplasmic protein.
Correspondingly, activation of caspase-3 was detected. While
CaMKIIα inhibitor, AIP, inhibited the phosphorylation of
CaMKIIα, the activation of caspase-3 was reduced, and as a
result, the cell death was significantly blocked by 58.5% (P<
0.05).

oxidative stress. Hence, dietary cholesterol supplementation
has pleiotropic (and potentially beneficial) effects beyond
cholesterol homeostasis.
[Support: NEI/NIH (EY007361, EY EY014176), RPB, and VA.]
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Conclusions: These data implicate the involvement of both
cytoplasmic and nuclear CaMKIIα in retinal ischemia. The
findings also demonstrate that CaMKII inhibitor protects RGCs
from this injury. Cytoplasmic CaMKIIα may regulate caspase-3
activation and thus plays an important role in RGCs in
response to an ischemia insult. CaMKIIα may be a potential
target for neuroprotection in vision disorders induced by retinal
ischemia. (Supported by NIH/NEI grant R01EY017594)

IN VITRO TRANSDIFFERENTIATION OF HUMAN RETINAL
PIGMENT EPITHELIAL CELLS INTO ROD
PHOTORECEPTORS & RETINAL GANGLION CELLS
S. Ghaderi1, H. Ahmadieh2, Z.-S. Soheili1, M. Davari1, F.
Sanie Jahromi1, A. Dizaji1, S. Samiei3, M. Rezaei2
1
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Purpose: To investigate the potential of RPE cells to
transdifferentiate into rod photoreceptors and retinal ganglion
cells in cultures.

OXIDATIVE AND PROTEOMIC ALTERATIONS IN A RAT
MODEL OF SMITH-LEMLI-OPITZ SYNDROME, AND THE
EFFECTS OF A HIGH-CHOLESTEROL DIET

Methods: RPE cells were isolated from postnatal human eyes
using dispase I enzyme and were grown in DMEM/F12
supplemented with 10% FBS. Immunocytochemical analysis
was performed in different growth stages (different passages)
using specific primary and secondary antibodies (FITCconjugated). Cell nuclei were counterstained using DAPI.
Conventional PCR was performed to monitor rhodopsin and
thy-1 genes expression in established cultures. PCR products
were separated on 2% agarose gel in the presence of ethidium
bromide and were visualized using UV trans-illuminator.

S.J. Fliesler1, L.G. Sheflin1, J.E. Young1, R.J. Kapphahn2,
D.A. Ferrington2
1

Research Service- Ophthalmology, VAWNYHS and SUNYUB, Buffalo, NY, 2Ophthalmology, University of Minnesota,
Minneapolis, MN, USA
Background and aims: We assessed the types and relative
amounts of oxidative modification of proteins in retina and
serum in a rat model of Smith-Lemli-Opitz syndrome (SLOS)
and the impact thereon of a high-cholesterol diet, vs. controls.

Results: We could not detect any rhodopsin-or thy1-possitive
cells in cultures at more primitive growth stages (passage 1),
that simply means the absence of rod photoreceptors and
retinal ganglion cells, while in higher passage numbers
(passage 10 and 11) sharp and definite pattern of rhodopsin
and thy-1 proteins signals were determined (7% of cells were
positive for rhodopsin and 8% for thy-1 markers) (figures 1).

Methods: Sprague-Dawley rats were treated with AY9944
(Fliesler et al, Arch. Ophthalmol. 122:1190, 2004); a subgroup
was fed a high (2%, by wt)-cholesterol diet (HC) post-weaning.
Untreated, age-matched rats served as controls. Retinas and
serum were collected at 1, 2, and 3 mo of age, flash frozen in
liquid nitrogen, and were either subjected to proteomic
analysis (2D IEF/SDS-PAGE, silver staining/quantitative
densitometry, and MS analysis) or analyzed by quantitative
immuno-slot blot, probing with antibodies raised against 4hydroxynonenal (HNE), carboxyethylpyrrole (CEP), and
nitrotyrosine (NTyr). Sera were also analyzed by 1D SDSPAGE/Western blot.
Results: Several (16 of 139 analyzed) 2D-gel spots were
significantly enhanced, while 5 were minimal/absent in retinas
from SLOS rats, vs. controls. Three of the enhanced spots (aA
and aB crystallins and peroxiredoxin 6) are known oxidative
stress markers. HNE modification of retinal proteins was >15fold higher at 3 mo in SLOS rats vs. controls, but showed no
differences at 1 or 2 mo; the HC diet caused significant (3.8fold) reduction in HNE modification of retinal proteins at 3 mo.
CEP modification of retinal proteins was greater at 1, 2, and 3
mo in SLOS rats vs. controls, but showed no age dependence
or HC diet effect. Both SLOS and control rats exhibited agedependent increase in NTyr modification of retinal proteins, but
were not different from one another at the same age; HC diet
reduced NTyr levels ~2-fold. SLOS rats exhibited increased
HNE modification of three serum proteins: Mr ~120 kDa
(120%), ~80 kDa (35%), and ~37 kDa (55%), relative to
controls; HC diet decreased HNE modification of these
proteins (by 28%, 19% and 14%, respectively).

[Figure1]

Conclusions: Disrupting cholesterol biosynthesis, as occurs
in SLOS, alters the retinal proteome, including increased
oxidative modification and up-regulation of oxidative stress
markers. Some modifications (HNE, NTyr) exhibit agedependence and are decreased by a HC diet, while CEP
levels show no age-dependence and unaffected by a HC diet.
A cohort of serum proteins may serve as biomarkers of

Figure 1 (A) anti-human rhodopsin antibody.(B) Nuclei of cells
stained
blue
using
4,6-diamidino-2-phenyindole
dihydrocholoride (DAPI) (magnification:8x40).
(C) Anti-human thy-1 antibody.(D) Nuclei of cells stained blue
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using 4,6-diamidino-2-phenyindole dihydrocholoride (DAPI)
(magnification:8x40).
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(E) Gel electrophoresis image of amplification products using
thy-1 primer.

MIDKINE-A REGULATES EARLY NEUROGENESIS IN THE
RETINA OF ZEBRAFISH

To confirm rhodopsin and thy-1 expression, conventional PCR
was performed using RNA extracted from RPE cultures in their
sixth passage. Although the expression level of rhodopsin was
too low to be detected in conventional PCR, the presence of a
sharp band in gel electrophoresis of amplification products
confirmed thy-1 expression in these cultures (Fig1.M).

J. Luo1, P. Hitchcock2
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Ophthalmology and Visual Sciences, Ann Arbor, MI, USA
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Midkine is a small secreted heparin binding growth factor that
has numerous biological functions, both during development
and following tissue injury. There are two midkine orthologs in
zebrafish, Midkine-a (Mdka) and Midkine-b. The purpose of
this study was to use both loss- and gain-of function
approaches to investigate function of Mdka during retinal
neurogenesis.

Conclusions: It seems that retinal pigment epithelial cells
have a great potential to transdifferentiate into other retinal
cells and studying this capability would be a valuable
experience for cell biologists who are interested in retinal cell
replacement therapy.

Morpholino oligonucletides were injected into early-stage
embryos to knock down Mdka synthesis. The Tol2 transposon
system was used to generate conditional gain-of-function
transgenic lines for Mdka:EGFP fusion protein under the 5'
regulatory elements of the zebrafish heat shock gene,
hsp70/4. Proliferating cells were pulse labeled by immersion in
a solution of BrdU and DMSO. Cell cycle kinetic were
measured using cumulative BrdU labeling and evaluating the
proportion of labeled vs. unlabeled cells. Standard methods of
immunocytochemistry and in situ hybridization in tissue
sections were used to identify BrdU-labeled cells or mark
specific retinal cell types. Western blot analysis from whole
embryo lysates was used to evaluate the loss of Mdka and the
induction of Mdka:EGFP. Retinas from experimental and
control animals were evaluated between 26 to 120 hours post
fertilization (hpf).
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HISTONE DEACETYLATION INHIBITOR SUPPRESSES
LASER-INDUCED CHOROIDAL NEOVASCULARIZATION
S. He, N. Chan, D.R. Hinton
Doheny Eye Institute, Univ. of Southern California, Los
Angeles, CA, USA
Background and aims: Angiogenesis is a complex biological
process involving the
coordinated
modulation
of
many
genes.
Histone
acetylation/deacetylation plays important roles in the control of
gene expression, tissue development, cell death and
angiogenesis. However, whether regulation of histone
acetylation is involved in the processes of choroidal
neovascularization (CNV) remains unclear. Here, we evaluate
the effect of a histone deactylatioin inhibitor Trichostatin-A
(TSA) on choroidal endothelial cell angiogenesis and on
experimental laser-induced CNV.

The loss of Mdka does not alter gross embryonic or larval
development, but does result in a transient delay in retinal
differentiation. In morphants, there are fewer differentiated
retinal neurons at 48hpf. Labeling with BrdU shows that all
retinal cells are proliferative, though there are significantly
fewer cells in M-phase. However, all major cell types are
present by 72hpf. This transient delay in differentiation does
not result from a delay in initiating molecular developmental
events, but appears to result from a lengthened cell cycle.
Following heat shock treatment, synthesis of the Mdka:EGFP
fusion protein is strongly induced, and this results in an
enlarged retinal neuroepithelium and more progenitors,
suggesting accelerated proliferation.

Methods: Primary cultured bovine endothelial cells were
seeded in 6-well plates and treated with TSA (0.05, 0.1, 0.3,
0.5 and 0.7 µM) for 24 hours. Western blot was performed to
analyze expression of VEGF receptor 2 (VEGFR-2) and MAP
kinase after TSA exposure. Laser photocoagulation (75 µm
spot size, 0.03s duration, 100 mV) was performed in 129
S6/SvEvTac mice to generate laser spots in each eye
surrounding the optic nerve. A bubble formed at a laser spot
indicated rupture of Bruch's membrane. TSA (10µg/g body
weight) was administered by intraperitoneal injection after
laser immediately and every 48 hours; Fluorescein angiogram
(FA) was performed on day 7 post-laser exposure. CNV size
was evaluated by histology on day 7 after laser treatment. The
expression of CD105 (a endothelial cell maker) and acetylated
histone 3 were demonstrated by immunofluorescence using a
Zeiss LSM-510 laser scanning confocal microscopy

Both loss- and gain-of function experiments provide evidence
the Mdka regulates a novel signaling pathway during early
retinal development that functions to narrowly to regulate cell
cycle kinetics.
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EXPRESSION PATTERN OF LINC COMPLEX
COMPONENTS DURING MOUSE RETINAL
DEVELOPMENT

Results: In response to TSA treatment, VEGFR-2 expression,
known to mediate almost all of the cellular responses to
VEGF, was striking decreased in bovine endothelial cells after
24 hours exposure to TSA, similarly the phosphorylated form
of MAP kinase was significantly reduced, while the total MAP
kinase levels remained unchanged. Mice treated with TSA
showed reduced FA leakage and CNV lesion size and
decreased numbers of CD105+ cells in CNVV lesions.

D. Hodzic, G. Peebles, D. Razafsky
Washington University School of Medicine, St Louis, MO, USA
Background and aims: Transmembrane nuclear envelope
(NE) proteins Sun (Sun1 and Sun2) and Nesprins (Nesprin 1,
2 and 3) interact within the perinuclear space to provide
macromolecular scaffolds (called LINC complexes) that span
the NE and connect the nuclear lamina to cytoskeletal
networks. Nuclear translocation - the forward movement of the
nucleus within the cell soma - is required for neuronal
migration and relies on an intact microtubule network,
microtubule-associated proteins such as Lis1 and Dcx. In

Conclusions: TSA inhibits laser-induced CNV and is
associated with decreased VEGFR-2 expression and
decreased activated MAPK levels suggesting that effects are
mediated through inhibition of VEGF signaling. Histone
deactylation should be further evaluated for its role in the
pathogenesis of CNV.
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C.elegans and D. melanogaster, mutation of Sun and Nesprin
orthologs prevent nuclear anchorage and/or migration within
cells or syncitia. Furthermore, mouse models deficient for both
Sun1 and Sun2 protein expression phenocopy human
lissencephaly phenotypes associated to Lis1 and Dcx
mutations. Our long-term goal is to elucidate the molecular
mechanisms governing Sun proteins and Nesprins mediation
of nuclear dynamics in mammalian systems. Retinal
development provides an excellent model to analyze nuclear
dynamics: interkinetic nuclear migration can be observed
within neural precursor cells of the optic cup and nuclear
translocation can be assessed during migration of post-mitotic
neurons to their final laminar position. Here, we characterized
the expression pattern of nuclear lamins, Sun proteins and
Nesprins during mouse retina development.

100microl) injection of NCX 434 or triamcinolone acetonide
(TA; used as the reference), at equimolar doses.
Results: As summarized in the table below, NCX 434 but not
TA, enhanced (*p< 0.05 vs. basal) oxygen saturation in
various ONH areas, whilst it was decreased in the vein
compartment and remained unaltered in that of the artery.
NCX 434 did not affect IOP at all time points analyzed,
whereas at 31 days following TA IOP appear to increase
(DeltaIOP= +3.31±0.51 mmHg, 30.8 %, over baseline, NS).

Methods: Immunofluorescence microscopy and RT-PCR were
used to assess both the localization and expression level of
LINC complex components at different stage (E12.5-P18) of
mouse retinal development.

D Treat
ay ment

Results: Messenger RNA of Lamin A/C, Lamin B1, Sun1,
Nesprin1, 2 and 3 were detected at various levels in whole
embryonic and adult retinas while Sun2 mRNA was marginally
expressed. Immunofluorescence microscopy revealed that
lamin B1 and Lap2 are strongly and ubiquitously expressed
throughout retinal development. The onset of Lamin A/C and
Sun1 proteins was observed in early RGC where it persists
throughout development. Furthermore, Lamin A/C and Sun1
were also detected in discrete neuronal subpopulations of the
inner nuclear layer. As expected from RT-PCR results, Sun2
was not detectable at any stage of retinal development.
Conclusions: Our results suggest that in contrast to lamin B1
and Lap2, Sun1 and Lamin A/C are exclusively expressed
post-mitotically and further persist in RGC and discrete
subpopulations of the INL. Furthermore, the lack of significant
Sun2 expression also suggest that Sun1 is the major
contributor to LINC complexes in these cells. These results will
permit the design of gene targeting strategies to address the
function of LINC complexes in these neuronal subpopulations.
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[Oxygen saturation]
Conclusion: NCX 434, by virtue of its NO-donating properties,
enhances ocular tissue oxygenation thus making this an
important compound to be further investigated for the
treatment of DME and other ocular disorders with impaired
ocular perfusion.

P254
OXYGEN SATURATION IN ONH IS INCREASED IN
PRIMATE EYES TREATED IVT WITH NCX 434,AN
INNOVATIVE NITRIC OXIDE (NO)-DONATING
GLUCOCORTICOID ANALOG
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F. Impagnatiello1, V. Chiroli1, E. Ongini1, H. Thompson2, B.
Khoobehi2

PRIMARY CELL CULTURE OF NEURAL MICROVESSEL
ENDOTHLIAL CELL FROM DIABETIC RETINOPATHY
MODEL RAT

1
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S. Inatomi, K. Maeda, F. Maeda, H. Ohguro

Background: Hypoxia of the retina and optic nerve head
(ONH) is believed to be pivotal in the development of ocular
vascular disorders including diabetic macular edema (DME).
Glucocorticoids are among the most effective agents for the
treatment of this pathology. However, this class of compounds
are highly liable to increase intraocular pressure (IOP) and do
not improve ocular perfusion nor tissue oxygenation. Nitric
oxide (NO) has vasodilating properties and lowers IOP in
experimental models and humans suggesting that its supply
might complement the effects of glucocorticoids. NCX 434 is a
nitric oxide (NO)-donating glucocorticoid analog designed to
address simultaneously the vascular and inflammatory
components of DME, with less liability to increase IOP.

Ophthalmology, Sapporo Medical University, Sapporo, Japan
Background: Blood Retinal Barrier (BRB) presented in both
retinal and choroidal circulation maintains the homeostasis of
the retina. Under pathologic state, such as diabetic
retinopathy, damage of the inner BRB (iBRB) composed of the
endothelial cell of retina microvessel causes the macular
edema. Therefore, it is thought that the understanding of
functions and structures of the iBRB is a clue to develop a new
strategy of prevention and treatment of the initial stage of the
diabetic retinopathy. Until now, it has not been succeeded in
the isolation and culture of the endothelial cells from
microvessel of animal retina. On the other hand, the
endothelial cells of Blood Brain Barrier (BBB) , which is
thought to possess almost identical functions and structures of
the iBRB. Thus, we aimed to establish the separation and the
primary culture from the brain microvessel endothelial cell by
using a normal rat and the diabetic retinopathy model rat.

Method: IOP and oxygen saturation in the ONH and
overlaying arteries and veins was studied in anesthetized
cynomolgus monkeys. IOP and oxygen saturation
measurements were taken using respectively an applanation
tonometer and an hyperspectral imaging system prior to and 7,
14, 21 and 31 days after the intravitreal (5.8mg/eye,

213

Methods: Sprague-Dawley (SD) rat and Spontaneously
Diabetic Torii (SDT) rat were used as a controle and a diabetic
model rat, respectively, in the present study. Endothelial cells
were each isolated and cultured by the method described by
Abbott et al. (1992). Complete Serum-FreeMedium (Cell
Systems) was used for the cell culture. Presence and
localization of tight junction related protein, VE-cadherin and
occludin, of endothelial cells were studied by RT-PCR,
western blotting and immunostaining.

therapeutical potential of Tf in degenerative diseases like in
retinitis pigmentosa or AMD.

Results: The presence of VE-cadherin and occludin was
confirmed in each rat derived cells by RT-PCR, western
blotting and immunostainig. However, difference was not
observed.

W.-H. Lee, P. Joshi, S. Bhattacharya

P257
GLUTATHIONE S-TRANSFERASE PI ISOFORM (GSTP1)
EXPRESSION PLAYS A ROLE IN THE HEALTH OF
RETINAL PIGMENT EPITHELIUM (RPE)

Ophthalmology, Bascom Palmer Eye Institute, University of
Miami Miller School of Medicine, Miami, FL, USA
Background and aims: Age-related macular degeneration
(AMD) is the leading cause of blindness in the elderly in the
developed countries. Oxidative stress is implicated in AMD
pathogenesis. The retina has a high oxygen demand and is at
risk for light-induced damage because of the complex, active
photochemical reactions of vision. Concentrated in the human
macula are dietary antioxidants lutein and zeaxanthin, and
their levels are lower in AMD compared to elderly control eyes.
The pi isoform of glutathione S-transferase (GSTP1) is an
intracellular detoxification enzyme that catalyzes reduction of
chemically reactive electrophiles, including reactive oxygen
species. Recently, GSTP1 has been identified as a
zeaxanthin-binding protein in the human macula, which
suggests a role for GSTP1 in modulating oxidative stress in
the macula. We have previously demonstrated that GSTP1
levels are decreased in human AMD retina compared to
normal elderly controls. We hypothesized that decreased
GSTP1 expression renders susceptibility to oxidative stress in
the macula, leading to AMD. The aim of this study was to test
if GSTP1 levels affect survival of retinal pigment epithelial
(RPE) cells exposed to damaging levels of light.

Conclusion: The brain microvessel endothelial cell was
sucessfully isolated and cultured from the diabetic model rat.
This methodology may be usufull for the next step of the
reaerch of BRB in diabetic retinopahty.
P256
HUMAN TRANSFERRIN PROTECTS PHOTORECEPTORS
DEGENERATION IN TWO ANIMAL MODELS: RD10 MICE
AND RCS RATS
J.-C. Jeanny1, E. Picard1, L. Jonet1, M.-H. Vesvres2, C.
Sergeant2, F. Guillou3, F. Behar-Cohen1, Y. Courtois1
1
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Background and aims: Retinal degeneration has been
associated with iron accumulation in AMD and several rodent
models which had one or several iron regulating proteins
impairment. We first investigated the localization of iron in
normal and pathological mice (Rd10) and rats (RCS) retina by
PIXE (Proton Induced X-ray Emission). Then, we tested the
potential neuroprotective effect of human transferrin (hTf), an
iron scavenger, on the photoreceptors (PR) degeneration.

Methods: Human RPE cell culture (ARPE-19) was maintained
and transfected using established protocols. Lentiviral
expression clones of GSTP1 and small-hairpin RNA (shRNA)
against GSTP1 coding region were procured from
Genecopoeia and OpenBiosystems, respectively. ARPE-19
cells were transfected with Lentiviral GSTP1 expression
clones or shRNA to achieve GSTP1 over-expression and
GSTP1 down-regulation, respectively. The control and
transfected ARPE-19 cells were exposed to ultraviolet (UV)
light for 30 minutes, and cell survival was measured using
trypan blue exclusion assay.

Methods: Iron concentrations and their tissue distribution
were determined in the retina of normal and Rd10 mice at 2, 3
and 4 weeks and of normal and RCS rats at 35, 45 and 55
days. Cryosections of 20µm were collected on Formvar films
and aluminium holders and freeze-dried, before analysis. Then
we used PIXE method with a proton microprobe to analyse the
metal contents of different retinal layers especially the
photoreceptors. A post-irradiation staining of the tissue
sections allowed us to identify precisely the different retinal
layers.

Results: The ARPE-19 cells over-expressing GSTP1 showed
higher survival rate compared to shRNA-treated or untreated
control cells. The shRNA-treated ARPE-19 cells showed lower
survival rate compared to untreated control cells. The GSTP1
levels in ARPE-19 cells were present in the following order:
Over-expressing cells (highest) > untreated control ARPE-19
cells > shRNA-treated cells (lowest); and the cell survival rate
upon light damage followed the same order.

We generated mice with β-phosphodiesterase mutation and
hTf expression (Rd10/hTf mice) by crossbreeding Rd10 mice
with transgenic mice for human transferrin (TghTf). We also
intraperitoneally injected hTf in 5-day-old Rd10 mice up to 25
and 47 days and in RCS rats from PN17 to PN55 days. We
compared PR degeneration by measurement of the outer
nuclear layer thickness on histological sections.

Conclusions: GSTP1 levels affect survival of human retinal
pigment epithelial (RPE) cells exposed to UV light. GSTP1
over-expression may protect against UV light damage.

Results: We demonstrated by PIXE, an age-dependent iron
accumulation in PR segments from Rd10 mice and RCS rats.
The 3-week-old Rd10/hTf mice showed a decrease in the PR
death and a preservation of rods, cones and PR segments
compared to Rd10 mice. Intraperitoneal injection of hTf in
Rd10 mice resulted in dose-dependent hTf presence in mice
retina. At PN25 PR (rods and cones) degeneration was
considerably reduced at high concentrations of hTf (2448mg/ml). This protective effect was also seen in 55-day-old
RCS rats, but did not persist at PN47 in Rd10 mice.

Grant support: In part by: Hope for Vision; SanBio, Inc.;
P30EY14801; and an unrestricted grant from Research to
Prevent Blindness.
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EFFECTS OF THREE NOVEL OPA1 MUTATIONS ON
MITOCHONDRIAL MORPHOLOGY AND APOPTOSIS
Y. Li1, W. Zhang1, Y. An1, T. Deng1, X. Zhang2, D. He2

Conclusion: In Rd10 mice and RCS rats, which accumulated
iron, hTf expressed by genetic modification or ip injected
permitted to delay PR degeneration. This study highlights the
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evaluated by histology and immunohistochemistry. Free VEGF
level and IF-gamma levels were evaluated by ELISA.

Background and aims: Mutations in OPA1 gene have been
shown to be responsible for the most of autosomal dominant
optic atrophy (ADOA). To characterize molecular links
between ADOA and OPA1 dysfunctions, the effects of three
novel OPA1 mutations on mitochondrial morphology and
apoptosis were analyzed in HeLa cells transiently transfected
with three novel OPA1mutations.

Results: Retinal degeneration and RPE atrophy were found
and occurred both at and distantly from the injection site, and
were evenly distributed on the retina by AF and OCT and
Micron mouse imager. ERG showed the retinal function
decreased. Histology demonstrated diffuse photoreceptor and
RPE degeneration. These abnormalities were only found in
aav.siRNA.GFP treatment group in wild type C57Bl/6j, but not
in wild-type mice treated with AAV.GFP or PBS control, or in
any TLR3-/- mice groups (aav.siRNA.GFP or aav.GFP or PBS
control). The level of free VEGF in wild type C57Bl/6j were
showed
no
differences
among
aav.siRNA.GFP
(1252.594±197.46pg/ml), aav.GFP (1351.81±135.69pg/ml)
and PBS (1076.69±101.57pg/ml) groups (n=8, p>0.1). But the
levels of IFN-gamma in wild type mice treated with
aav.siRNA.GFP
showed
significantly
higher
(0.307±0.013pg/ml) (n=8, P< 0.05) than the aav.GFP
(0.253±0.014pg/ml) and PBS (0.251±0.016pg/ml) controls.

Methods: Wild type OPA1 was amplified by polymerase chain
reaction (PCR) from template cDNA of OPA1 (KIAA0567) and
three mutant OPA1 (OPA1S303R , OPA1329-355del, and OPA1Δ227 )
were created by PCR mutagenesis. The PCR products were
subcloned into the pEGFP-N3 to make wile type and mutant
OPA1-GFP fusion proteins, respectively. The constructed
plasmids were transiently transfected into HeLa cells.
Mitochondria were stained using MitoTracker Red CMXRos
and cytochrome c of HeLa cells was labeling with anticytochrome c antibody. Mitochondrial morphology and
cytochrome c distribution in transfected cell (treated with or
without 100 uM z-VAD-fmk) were observed and captured
using confocal microscope or fluorescent microscope.
Apoptosis was detected by Annexin V-PE using flow cytometry
for wild type and three mutant OPA1 transfected HeLa cells,
which were treated with Staurosporine (150nM) for 24hour.

Conclusion: Non target siRNA induces diffuse retinal
degeneration via TLR3-/- and RPE dystrophy in mice,
indicating siRNA has potent neurotoxicity in the murine eye.
Activation of the innate immune system via TLR3 has
significant ocular risks.

Results: Fragmentation of mitochondrial morphology was
observed in over 90% OPA1S303R and OPA1329-355del transfected
cells, while it was only 12% that was detected in OPA1Δ227
transfected cells. Over 50% OPA1S303R and OPA1329-355del
transfected cells presented late stage of apoptosis , and 35%
OPA1Δ227 transfected cells showed the appearance of late stge
of apoptosis. Pancaspase inhibitor z-VAD-fmk delayed but did
not prevent the apoptosis of three mutant OPA1 transfected
HeLa cells. Three mutant OPA1 transfected cells all showed
an increased sensitivity to staurosporing-induced apoptosis.

P260
ANALYSIS OF MRNA EXPRESSIONS OF RETINAL
ANGIOGENIC FACTORS IN SDTORII (SDT) RAT
K. Maeda, S. Inatomi, F. Ishikawa, H. Ohguro
Ophthalmology, Sapporo Medical University, Sapporo, Japan
Background and purpose: The renin-angiotensin system has
been reported to be involved in the pathogenesis of diabetic
retinopathy. In fact, changes in several angiogenic factors,
including VEGF, angiopoitetin1, angiopoietin2, Tie2, the
angiotensin II receptors of AT1R and AT2R, were identified in
streptozocin induced murine diabetic retina, although it is still
unknown where these changes is indeed found in naturally
developing diabetic retina. The SDT rat is a specific species of
the SD rat with diabetes mellitus spontaneously. Therefore we
studied the roles of the several angiogenic factors during the
developing daibetidc retinopathy in SDT rat.

Conclusions: Different mutations of OPA1 showed different
effected on mitochondrial morphology and apoptosis.
P259
SMALL RNA INTERFERENCE (SIRNA) INDUCES RETINAL
DEGENERATION AND RETINAL PIGMENTAL EPITHELIUM
(RPE) ATROPHY IN MICE

Method: Expressions of angiogenic factors by RT-PCR and
retinal morphology were studied using 18 to 56 week old SDT
and 18 week old SD rats.

L. Luo1, H. Uehara1, J.M. Simonis1, L. Jiang1, K. Jackman1, Y.
Liu1, G. Gao2, Y. Fu1, W. Baehr1, B.K. Amabti1
1

University of Utah, Moran Eye Center, Salt Lake City, UT,
University of Massachusetts, Worchester, MA, USA

2

Results: Maximum expression of both angiopoietin1 and
AT1R mRNAs was detected at 35 week old. In contrast,
mRNA expressions of the other staffs were not significantly
changed.

Purpose: Small RNA interference(siRNA) targeting vascular
endothelial growth factor-A (VEGFA) or its receptor VEGFR1
(also called FLT1) are in clinical trials in patients with wet agerelated macular degeneration. siRNAs have been shown to
bind and activate TLR3. The purpose of this study is to
determine whether non-target siRNA might induce
neurotoxicity in the murine eye via TLR3 activation, a key
component of the innate immune system.

Conclusions: During the developing of diabetic retinopathy in
SDT rat, the expression of both angiopoietin1 and AT1R was
significantly enhanced. Thus these may be important factors
causing diabetic retinopathy in SDT rat.

Methods: An adeno-associated viral vector encoding nonsense siRNA conjugated and green fluorescent protein
(aav.siRNA.GFP) was injected into the subretinal space. PBS
or recombinant viral vectors expressing GFP (aav.GFP)
without siRNA were performed as controls. Wild type C57Bl/6j
mice and TLR3-/- mice were used respectively. Four weeks
after injection, fundi were examined observed by
autofluorescence (AF) and optical coherence tomography
(OCT) using the Heidelberg Spectralis, and color imaging was
performed using the Micron Mouse Imager. Retinal function
was evaluated by ERG. Retinal cryosections were made and

P261
FURTHER CHARACTERISATION AND OPTIMISATION OF
GROWTH CONDITIONS FOR RETINAL PROGENITOR
CELLS
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Results: Gdf11 morpholino inhibition resulted in reduced
ocular size (79/156) and skeletal curvature (78/152) compared
to controls (1/134 and 3/111) (t-test, P =0.0001); decreased
runx1 expression and altered neuroD expression. IHC results
show increased staining in morphant Rods and RGCs.
Morpholino inhibition increased GFP expression in morphant
brains compared to controls [ mean 52 vs 28 (p=0.007)] as
well as expression of insm1a, insm1b and gria3a. Two novel
GDF11 MAC variants were identified: Ala29_Ala30insAla,
present in 4/725 controls, and +10_+11insT in the 3'UTR,
absent from 0 of 862 control DNA samples (p=0.001).

Retinal degenerations result in irreversible vision loss. Gene
therapy has shown promise in clinical trials, but some
photoreceptors must survive for gene therapy to work.
Transplantation of stem cell-derived photoreceptors into
retinas with advanced stage disease may provide a
complimentary approach. However, for this to be successful,
an expandable source of stem cells that can be routinely
differentiated into photoreceptor precursors is needed.
Transplantation of freshly dissociated retinal progenitor cells
(RPCs) from postnatal day 2-6 mouse retinas can give rise to
photoreceptors post transplantation. However, incorporation
rates are low and photoreceptor potential diminishes
dramatically in culture. RPCs are difficult to establish in culture
given their slow growth post-isolation. Improvements in tissue
culture conditions may increase survival of photoreceptor
precursors in culture. We have improved the growth kinetics of
RPCs in culture. Changes in dissociation methods, media
supplements and flask coating materials now allow growth to
confluence within 10 days as opposed to over 1 month using
previous methods. However, regardless of vastly improved cell
survival rates, we have found that levels of rhodopsin (the rod
photoreceptor visual pigment) still diminish rapidly during
expansion of RPCs in tissue culture, along with the capacity to
generate photoreceptors after transplantation. FACS analysis
of Rho-eGFP cells shows that freshly dissociated retinal cells
from postnatal day 3-5 mice are more likely to integrate into
the retina if they express rhodopsin. We conclude that
rhodopsin expression is a good indicator of the ability to
integrate into the photoreceptor layer after transplantation. So
far, no culture conditions tested can maintain rhodopsin
expression near the levels seen in fresh postnatal retinas.
Development of culture conditions and identification of
diffusible factors that permit continued expression of
photoreceptor marker genes may be necessary before the
therapeutic benefits of cell transplantation can be realised.

Conclusions: The results of GDF11 morpholino inhibition,
increased isl1 expression in cranial motor neurons and
increased expression of neuronal ISH probes suggest roles in
global neurogenesis as well as retinal development. However
the human sequence data do not support an appreciable role
for GDF11 in the causation of MAC phenotypes.
P263
INTERVENTION WITH A NOVEL, ERYTHROPOIETINDERIVED PEPTIDE PROTECTS AGAINST NEUROGLIAL
AND VASCULAR DEGENERATION DURING DIABETIC
RETINOPATHY
C. McVicar1, R. Hamilton1, M. Patton1, C. Kitson1, L. Colhoun1,
R. Medina1, T. Gardiner1, M. Brines2, A. Cerami2, A. Stitt1
1
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Introduction: Erythropoietin (EPO) exhibits anti-inflammatory
and tissue protective properties. However, using EPO for
neuroprotection requires high doses raising concerns of
triggering adverse effects. A novel peptide (HBP1) based on
EPO's helix-B is non-erythropoietic but still evokes antiapoptotic and anti-inflammatory responses. Since diabetic
retinopathy is characterised as a neurovascular degenerative
disorder this study has evaluated the potential of HBP to
protect the retina from diabetes-related damage.

P262
INVESTIGATING THE CONTRIBUTION OF GDF11 TO
OCULAR DEVELOPMENT & DISEASE

Background and aims: Members of the TGFβ family have
multiple roles in development and human disease. We
previously demonstrated that mutations in GDF3 and GDF6
each account for approximately 1.5% of Microphthalamia,
Anophthalmia, Coloboma (MAC) with incomplete penetrant
cases frequently observed. In light of these findings, we
hypothesized that other paralogs might contribute to the
phenotypic variability of MAC. GDF11 was selected for study
on the basis its role in ocular and anterior-posterior skeletal
development.

Methods: Streptozotocin (STZ)-induced diabetes was
maintained in Sprague Dawley rats for 6 months (n=12). Rats
were then evenly split into HBP (10µg/kg) and control peptide
(CP) groups and injected daily (i.p.) for 1 month. HbA1c and
haemocrit was assessed, including an age-matched control
group (n=12). At sacrifice, eyes were enucleated and retinae
investigated for glial dysfunction, microglial activation and
neuroglial apoptosis using GFAP, CD11b and TUNEL labelling
respectively. The retinal vasculature was assessed using
confocal microscopy of flat-mounts dual-stained with lectin and
collagen IV (CIV). Retinal cytokine expression was quantified
using RT-PCR. Effects on ischaemia (equating to long-term
diabetic retinopathy) were studied in the murine model of
oxygen induced retinopathy (OIR). Mice received 5 daily doses
of HBP (1, 10 & 30µg/kg) or CP initiated when retinal
ischaemia was greatest.

Methods: The role of the zebrafish ortholog was determined
using
translation
and
splice
blocking
morpholino
oligonucleotides with fish characterized for ocular size and
skeletal curvature. In situ hybridization (ISH) was performed to
assess retinal [neuroD (rod photoreceptor) runx1 (amacrine)]
and neuronal development [gria3a (retinal ganglion cells and
amacrines), insm1a/1b (neuronal precursor cells)] with
immunohistochemistry (IHC) undertaken with zn5 (RGC) and
1d1 (rod photoreceptor). Morpholino inhibition of transgenic
isl1-GFP labelled cranial motor neuron zebrafish was
undertaken to determine gdf11's role in global neurogenesis.
DNA from 163 MAC probands were also screened by direct
sequencing and the prevalence of variants in normal controls
determined by restriction enzyme digests or, in some cases,
by genotyping with fluorescently labelled fragments.

Results: HBP or CP treatment had no significant influence on
HbA1c or haemocrit. In the retina, diabetes induced Muller
glial expression of GFAP when compared to non-diabetic
controls (p< 0.05) but HBP significantly reduced this stress
response (p< 0.001). In diabetic retinae, CD11b+ microglia
were elevated in number and showed increased amoeboid
(active) morphology and this pro-inflammatory pathology was
attenuated by HBP (p< 0.01). Diabetic retinopathy was
associated with TUNEL positive cells in the ganglion cell layer
and HBP significantly reduced the number of these apoptotic
cells (p< 0.05). Diabetic retinae showed increased numbers of
CIV+ve/Lectin-ve vessel profiles (acellular capillaries) and
HBP protected against this vasodegenerative pathology. In
OIR, 1µg/kg of HBP induced intraretinal revascularisation
resulting in reduced ischaemia compared to CP (p< 0.05),

R.K. Mateo1, A.J. Waskiewicz2, O.J. Lehmann1,3
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although higher doses had no effect. HBP showed no effect on
pre-retinal (pathological) neovascularisation at any dose.

K. Mitton, E. Guzman, P. Tummala, M. Stewart, J. Sotzen, W.
Gryc

Conclusion: Systemic delivery of an EPO-derived peptide
after established diabetes and ischaemia shows significant
tissue protective and regenerative properties without altering
haemocrit. This peptide shows promise for safely harnessing
the neuroprotective properties of EPO. These findings have
therapeutic implications for preventing major sight-threatening
disorders such as diabetic retinopathy.1 Brines M et al., Proc
Natl Sci USA, 2008; 105: 10925-30.

Eye Research Institute, Oakland University, Rochester, MI,
USA
Background and aims: DNA-methylation is emerging as an
important component of many age-related diseases, but we
know little about this epigenetic mechanism in the regulation of
retinal gene expression. Hyper-methylation of the Rbp3 gene,
prior to its expression, suggests that other photoreceptor
genes may be regulated by DNA-methylation during
development. Therefore, we analyzed DNA-methylation,
histone acetylation, and RNA-Polymerase-II binding of several
genes activated during photoreceptor maturation, including
Rhodopsin (Rho) and Recoverin (Rcvrn).

P264
CHEMOKINES RANTES, CCL11, CCL24, CCL 26 AND
CCL28 EXPRESSION BY RETINAL PIGMENT EPITHELIUM
CELLS AND THEIR UP REGULATION BY ALDOSTERONE

Methods: Using chromatin immunoprecipitation (ChIP) of 5Methylcytosine and histone-H3 K9-acetate (H3K9ac), we
examined several mouse genes that are strongly activated
during photoreceptor maturation, as predicted from RNAPolymerase-II (Pol-II) binding and gene expression (mRNA)
analysis. Some of the genes had a high CpG-dinucleotide
content in their promoters (CpG-islands), including: Rcvrn,
Kdm4c, and Dpf3. Other genes had a low CpG-dinucleotide
content, including: Rho, Slc24a1, Mef2c, and Syne1. Kdm4c
was a control for genes active at both P2 and P25.

N. Benabbou1, P. Mirshahi1, A. Berthaut1, J.M. Leagais2, M.
Mirshahi1
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Purpose: The eosinophil/mast cell chemokine receptor CCR3
(c-c chemokine receptor type 3) is specifically expressed in
choroidal neovascular endothelial cells in human with agerelated macular degeneration. We analysed the expression of
ligands for CCR3 by retinal pigment epithelium and their
regulation by aldosterone in vitro.

Results: H3K9-ac levels were highest when all the genes
were active. Two photoreceptor-specific gene promoters,
Rhodopsin (Rho) and Recoverin (Rcvrn), were hypermethylated at P2, prior to their activation at P25 when their 5Methylcytosine levels dropped significantly. All other
promoters tested remained hypo-methylated before and after
activation.

Methods: Mineralocorticoid receptor (MCR) expression in
human RPE cell was determined by RT- PCR and
immunocytochemistry. Chemokines identification and the
modification of their expression by aldosterone (incubation of
cells with 100 nM aldosterone for 8h and 24 h) was analysed
by transcriptional RNA gene array and human antibody
proteins array, Angiogenic assay on human microvascular
endothelial cell (HMEC) was performed using matrigel.

Conclusions: Rho and Rcvrn displayed DNA-methylation
decreases that correlated to increased histone acetylation and
increased Pol-II binding around their transcription start site.
Several other genes did not appear to be regulated by DNAmethylation. DNA-methylation was active at photoreceptor
gene promoters with low CpG content (Rho) or high CpG
content (Rcvrn). Thus, DNA-methylation regulated genes
cannot be predicted by simple analysis of the primary DNA
sequence. Genome-wide maps of Pol-II binding in the mouse
retina, during photoreceptor maturation, were installed as a
shared vision science resource for viewing in the UCSC
Genome Browser or its eye-centric version at the NEI
(EyeBrowse).

Results: By gene array analysis, we showed that human RPE
cells express in vitro several chemokines such as CCL5
(RANTES), CCL11 (eotaxin1), CCL24 (eotaxin 2), CCL 26
(eotaxin 3), CCL28 and monocyte chemo attractant protein1
receptor MCP-1 or CCR2 but not CCR3 and CCR5. These
results were confirmed by protein array analysis. Interestingly,
all these chemokines were identified as a ligand for c-c
chemokine receptor type 3. We found that the secretion of
CCL5, CCL11, CCL24, and CCL 28 by RPE was increased by
aldosterone. In parallel, IL 6, a strong angiogenic factor,
soluble vascular endothelial growth factor receptor-3
(sVEGFR-3), an antiangiogeci factor, Insulin growth factor
binding proteins (IGFBP 2, 4 and 6) and EGF were increased.
Conditional medium of RPE cell treated by aldosterone,
inhibited network formation of HMEC on matrigel. These
results suggests the complexity of proangiogenicantiangiogenic factors action secreted by RPE in choroidal
neoagiogenesis.

Support: NIH: EY 014626 (Mitton), EY 014803 (ERI/Oakland
University)
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THE ROLE OF RD3 IN PHOTORECEPTOR CELLS AND
RETINAL DEGENERATION IN LCA12 PATIENTS, RD3
MICE AND RCD2 DOGS

Conclusion: Considering the increased secretion of CCL5,
CCL11, CCL24, CCL26 and CCL 28 by RPE induced by
aldosterone and specific expression of CCR3 in choroidal
neovascularization, it is suggested that the targeting of these
chemokines in retina may be a therapeutic ways in future for
age-related macular degeneration and uveitis.

L.L. Molday, S. Azadi, R.S. Molday
Dept of Biochemistry and Molecular Biology, University of
British Columbia, Vancouver, BC, Canada
Background/aim: Premature truncations of RD3, a conserved
195 amino acid protein of unknown localization and function, is
responsible for a form of Leber Congenital Amaurosis (LCA12)
and early onset retinal degeneration in the rd3 mouse and the
rcd2 dog. The purpose of this study was to determine the
subcellular localization of RD3 in photoreceptors and identify
interacting proteins as an essential step in defining the role of
RD3 in photoreceptor biology and retinal degenerative
diseases.

P265
EPIGENITIC REGULATION OF GENES ACTIVATED
DURING PHOTORECEPTOR MATURATION: DNAMETHYLATION, HISTONE ACETYLATION, RNAPOLYMERASE-II BINDING

Methods: Monoclonal and polyclonal antibodies to RD3 were
generated and used to localize RD3 in the retina of wild-type
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(WT) and rd3 mice by confocal scanning microscopy. Proteins
that interact with RD3 were identified by coimmunoprecipitation together with tandem mass spectrometry
(MS/MS), and western blotting. The effect of RD3 deficiency
on protein expression and trafficking to rod and cone outer
segments (OS) was evaluated by comparing the distribution of
selected outer segment proteins in the retina of 21-day old WT
and rd3 mice by immunofluorescence microscopy and western
blotting.

Conclusions: Clinical and morphological findings suggest that
decreased vascular density or perfusion is associated with
AMD; this study further suggests that this decrease is due to
endothelial cell loss that occurs in association with subRPE
deposit formation, rather than a lower baseline of vascular
density in eyes at high risk for developing AMD. The loss of
vascular endothelium may result from the presence of subRPE
deposits, may lead to the formation of subRPE deposits, or,
alternatively, both events may be caused by additional factors
(such as complement activation or oxidative injury). Defining
the relative contributions of the cell types that participate in
AMD to the process of drusen formation will be important
future directions.

Results: RD3 preferentially localized to rod and cone outer
segments of WT mice in agreement with earlier proteomic
studies. RD3 immunoreactivity was not detected in
photoreceptors of rd3 mice. Guanylate cyclases, GC1 and
GC2, co-precipitated with RD3 on an anti-RD3 immunoaffinity
matrix as analyzed by MS/MS and western blotting. RD3 coprecipitated with GC1 on an anti-GC1 immunoaffinity matrix.
The direct interaction of RD3 with GC1 was confirmed by coprecipitating GC1 with RD3 from HEK293 cells co-expressing
these proteins. In contrast to WT mice, GC1 and GC2 were
undetectable in rod and cone outer segments of rd3 mice by
Immunofluorescence and western blotting. GCAP1 and
GCAP2 were mislocalized in the rd3 mice. In contrast,
rhodopsin, the cGMP-gated channel, ABCA4, and
phosphodiesterase localized normally to the outer segments of
rd3 mice.

P268
CALPAIN, NOT CASPASE, IS THE CAUSATIVE
PROTEASE FOR HYPOXIC DAMAGE IN CULTURED
MONKEY RETINAL CELLS
E. Nakajima1,2, K. B. Hammond1,2, T. R. Shearer2, M. Azuma1,2
1

Laboratory of Ocular Sciences, Senju Pharmaceutical Co.,
Ltd., Beaverton, 2Integrative Biosciences, Oregon Health
Science University, Portland, OR, USA

Conclusions: RD3 co-localizes and directly interacts with
GC1 and GC2 in photoreceptor outer segments. Our studies
indicate that RD3 is essential for the normal expression and
trafficking of GC1 and GC2 and associated GCAPs in
photoreceptor cells. Retinal degeneration in LCA12 patients
and animal models deficient in RD3 is most likely due to the
loss in the GC expression and targeting. The phenotype
resulting from RD3 deficiency is consistent with the phenotype
of LCA1 patients with mutations in GC1 and GC1/GC2 double
knockout mice.Support: R01 EY02422, MVRF, CIHR/FFB

Cell death occurring in human retina during AMD, high IOP
from glaucoma, and retinitis pigmentosa could be caused by
activation of calpain or caspase proteolytic enzymes. Previous
experiments in rats showed that calpain was involved in
ganglion and photoreceptor cell death in vitro and in vivo. On
the other hand, Müller cells, a type of glial cell in retina, are
thought to protect retinal neurons from various insults, such as
glutamate and NO neurotoxicities. The purpose of the current
study was to determine if calpains and/or caspase 3 are
involved in cell death during retinal hypoxia in a monkey
model.
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Culturing dissociated monkey retina cells for two weeks
resulted in proliferation of Müller cells and maintenance of
some rod and cone photoreceptor cells, as identified by
vimentin, recoverin, and rhodopsin immunocytochemical
staining. Hypoxia (24-hrs/24-hr reoxygenation) increased the
number of cells staining positive for terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL). Immunoblotting
showed that the calpain-specific 145 kDa a-spectrin
breakdown product (SBDP) increased in hypoxic cells, but no
caspase-specific 120 kDa SBDP was detected. TUNEL
staining and proteolysis were significantly reduced in the
retinal cells treated with 10 and 100 µM calpain inhibitor SNJ1945. Pan-caspase inhibitor z-VAD and caspase 3 inhibitor
DEVD did not inhibit cell damage from hypoxia. Intact 32 kDa
caspase 3 was in fact cleaved by activated calpain during
hypoxia to pre 29 kDa caspase 3 and a 24 kDa fragment. No
17 or 12 kDa fragments for forming the active caspase 3
hetero-dimer were detected. Calpain-induced cleavage of
caspase was inhibited by SNJ-1945. These data indicated that
calpain, but not caspase 3, was involved in hypoxic damage.

GHOST VESSELS IN THE HUMAN MACULA:
RELATIONSHIP TO DRUSEN AND EARLY AMD
R. Mullins, E. Faidley, J. Skeie
Ophthalmology and Visual Sciences, University of Iowa, Iowa
City, IA, USA
Background and aims: The photoreceptor cells, retinal
pigment epithelium and choriocapillaris operate as an
interdependent complex, and injury to any of these layers
ultimately results in damage or loss of the other two. Vascular
changes in the choroid have been noted in early AMD, and
terminal complement complexes in AMD eyes are
predominantly associated with the choriocapillaris. In this
study we sought to address the correspondence of vascular
dropout in the choriocapillaris (“ghost vessels”) with extent of
drusen, the key pathologic landmarks of AMD.
Methods: Sections of the maculas of 46 human eyes (25 agematched control and 21 early AMD) were stained with UEA-I
lectin to visualize the viable endothelium and a series of
morphometric parameters were collected. Eyes with advanced
disease were excluded from this analysis. Ghost vessels were
scored as regions between well defined choriocapillaris pillars
that lacked UEA-I reactive capillaries. The number of ghost
vessels per µm of Bruch's membrane was compared to the
area occupied by drusen and other subRPE deposits.

SNJ-1945 may afford valuable neuroprotection against retinal
diseases since our results indicate that calpain activation is
plays a major role in hypoxic damage to monkey retinal cells in
culture.
Dr. Shearer received consulting fees from, and Drs. Azuma
and Nakajima is an employee of, Senju Pharmaceutical Co.,
Ltd.

Results: The density of ghost capillaries in early AMD eyes
was 48% higher than in age-matched controls, however this
difference did not reach statistical significance. In contrast, the
density of ghost capillaries was strongly and positively
correlated to increasing drusen density (p< 0.01).
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fed into two protein identification software (Bioworks and
Phenyx).

KNOCKDOWN OF THE PLACENTAL GROWTH FACTOR
(PLGF) GENE INHIBITS LASER INDUCED CHOROIDAL
NEOVASCULARIZATION IN A MURINE MODEL

Results: By two independent softwares, 61, 51 and 54
proteins were identified from each LMW samples with CAT,
GLA and AMD. 23 of these proteins were common among
three diseases and several proteins were specific to each
disease. Some of disease specific proteins have not been
reported as plasma protein.

R. Nourinia1, H. Ahmadieh1, Z.-S. Soheili2, H. Akrami3, M.
Rezaie Kanavi1
1

Ophthalmic Research Center, Shahid Beheshti University of
Medical Sciences, 2National Institute of Genetic Engineering
and Biotechnology, 3Faculty of Basic Sciences,Tarbiat
Modarres University, Tehran, Iran

Conclusions: This new protein separator will benefit
identification of LMW proteins in plasma. These disease
specific proteins may be useful as biomarker.

Purpose: To evaluate the effect of placental growth factor
(PlGF) knockdown on a murine model of laser induced
choroidal neovascularization.
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Methods: Choroidal neovascularization was induced in the left
eyes of 23 mice by infrared laser. si RNA( 20 picomoles/10 µl
phosphate-buffered saline [PBS] per eye) corresponding to
PlGF mRNA was administered intravitreally by Hamilton
syringe in 12 mice. PBS alone was injected in 11 control eyes.
One month later, fluorescein angiography was performed
under anesthesia.

ALTERATIONS IN MITOCHONDRIAL ACTIVITY IN THE
DIABETIC RAT RETINA

Results: Typical CNV with prominent leakage (Figure 1) was
present in 9 of 11 control eyes (81.8%), However, no leakage
was apparent (Figure 2) in 11 treated eyes that had received
siRNA cognate to PlGF (P< 0.001).

The diabetic retinopathy is a common consequence of the
diabetes, in addition of vascular alterations, evidence suggest
abnormalities in neuronal function even before vasculature
damage. There is evidence that oxidative stress could play a
role in retinal pathogenesis. Because mitochondria play an
important role generating reactive oxygen species (ROS), we
hypothesized that hyperglycemia produces early alterations in
mitochondrial activity. In this work we evaluated the
mitochondrial activity of retinas from control and
Streptozotocin-diabetic rats. Oxygen consumption was
determined by a polarographic technique, and activity of
respiratory complexes was assessed by spectophotometric
methods. An increment of 1-6 times in the activity of
mitochondrial complexes I, II and III was observed in
hyperglycemic animals. Also, oxygen consumption was
increased by 50% in mitochondria from hyperglycemic rats
showing a low respiratory coefficient than that in the control.
Our results indicated that hyperglycemia induces an
accelerated mitochondrial activity that in turn may induce
oxidative stress.

I. Osorio-Paz1, R. Salceda2
1

Instituto de Fisiología Celular, 2División de Neurociencias,
Universidad Nacional Autónoma de México, México City,
Mexico

Conclusion: Knockdown of PlGF in a murine model of
experimental CNV may inhibit the growth of laser induced
lesions.
P270
ENRICHMENT AND ISOLATION OF LOW MOLECULAR
WEIGHT PROTEIN IN PLASMA FROM PATIENTS WITH
OCULAR DISEASES USING A PROTEIN SEPARATOR
H. Okamoto1, Z.-L. Chi1, M. Minami1, N. Terauchi2, Y.
Haruhata2, M. Obazawa1,2, T. Noda2, M. Honda3, A. Mizota3,
M. Tanaka3, K. Matsuno4, K. Tanahashi5, J. Utsumi5, T. Iwata1
1

National Institute of Sensory Organs, 2Division of
Ophthalmology, National Hospital Organization Tokyo Medical
Center, Tokyo, 3Department of Ophthalmology, Juntendo
University Urayasu Hospital, Urayasu, 4R&D Division, Santen
Pharmaceutical Co. LTD, Osaka, 5Functional Materials and
Products Development Center, Toray Industries, Inc., Ohtsu,
Japan
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Background and aims: Mass spectrometer (MS) is a
powerful tool to discover biomarker protein in body fluid
including blood plasma. However, abundant high molecular
proteins (>50kDa) such as albumin and IgG often disturb
precise detection of low content, low molecular weight (LMW)
proteins (< 30kDa). The removal of high content proteins prior
to mass measurement is one of the big issues remaining in
plasma proteome analysis. We develop an ultra high
performance hollow fiber based protein separator to remove
much abundant high molecular weight (HMW) proteins and
enrich LMW proteins.

INHIBITION OF RETINAL ANGIOGENESIS WITH
APE1/REF-1 REDOX INHIBITOR APX3330 IN A RETINAL
ANGIOMATOUS PROLIFERATION ANIMAL MODEL
X. Qiao1, A. Jiang2, M. Kelley3, H. Gao1
1

Ophthalmology, Henry Ford Health System, Detroit, MI,
Cardiovascular Institute, Beth Israel Deaconess Medical
Center, Boston, MA, 3Herman B Wells Center for Pediatric
Research, Indiana University School of Medicine, Indianapolis,
IN, USA
2

Methods: Human plasma was obtained from patients with
cataract (CAT, 10cases), Glaucoma (GLA, 10cases) and age
related macular degeneration (AMD, 10cases). 1 milliliter of
plasma from one patient was injected into the protein
separator to remove HMW proteins. Separated LMW samples
were then fractionated by reverse phase column. These
fractions were merged between same diseases and digested
with trypsin. Digested samples were separated by 2D-HPLC
followed by ion trap MS/MS. DTA files obtained from MS were

Purpose: Anti-VEGF therapies are now the standard
treatments for neovascular age related macular degeneration.
However only 40% patients obtained significant vision
improvement, and frequent repeat treatments are needed.
This study examines the role of APE1/Ref-1 in the retina and
its potential as a therapeutic target for inhibiting retinal
angiogenesis.
Methods: APE1/Ref-1 expression was quantified by Western
blot. The role of APE1/Ref-1 redox function in endothelial cell
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proliferation, migration and tube formation was examined by
treating retinal vascular endothelial cells (RVECs) with
APX3330, a small molecule inhibitor of APE1/Ref-1 redox
activity. In vitro methods included a modified Boyden chamber
transwell assay, a Matrigel tube formation assay, and a Real
Time Cell Analysis (RTCA) using the xCELLigence System. In
vivo functional studies of APE1/Ref-1 were carried out by
treating VLDL receptor knockout (vldlr-/-) mice with intravitreal
injection of APX3330, and subsequent measurement of
subretinal neovascularization (SNV) for one week.

that these cells probably had been degenerate for an extended
period of time and not functional in the outer segment renewal
process.

Results: APE1/Ref-1 was highly expressed in the retina and
in RVECs and pericytes in mice. APX3330 (1 to 10 µM)
inhibited proliferation, migration and tube formation of RVECs
in vitro in a dose-dependent manner. vldlr-/- RVECs were more
sensitive to APX3330 than wild-type RVECs. In vldlr-/- mice, a
single intravitreal injection of APX3330 at the onset of SNV
significantly reduced SNV development.
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Supported by The Foundation Fighting Blindness
Histopathology Grant; Research Center Grants from The
Foundation Fighting Blindness; a Research to Prevent
Blindness Unrestricted Grant; and an NIH infrastructure grant
(EY015638).

DIURNAL RHYTHM OF OUTER SEGMENT SHEDDING AND
PHAGOCYTOSIS: THE PHOTORECEPTOR SIDE
L. Ruggiero, S. Finnemann
Biology, Fordham University, Bronx, NY, USA

Conclusions: APE1/Ref-1 is expressed in retinal vascular
endothelial cells. APX3330 inhibits RVEC angiogenesis in vitro
and significantly reduces SNV in vldlr-/- mice. These data
support the conclusion that APE1/Ref-1 redox function is
required for retinal angiogenesis. Thus, APE1/Ref-1 may have
potential as a therapeutic target for treating neovascular agerelated macular degeneration and other neovascular diseases.

Background and aims: In mammals, phagocytosis of shed
photoreceptor outer segments (POS) by the retinal pigment
epithelium (RPE) is under circadian regulation with a burst of
activity each morning. We previously showed that the secreted
glycoprotein, MFG-E8, and its receptor, avb5 integrin, are
essential for the synchronization of RPE phagocytic activity
with the daily light cycle: RPE cells in mice lacking either MFGE8 or avb5 display similar numbers of POS phagosomes at all
times of day, while wild-type RPE cells carry POS
phagosomes only after light onset. Thus, lack of the MFG-E8avb5 pathway directly alters the time course of POS uptake in
the retina. Because we do not observe accumulation of POS
awaiting uptake in the subretinal space of mice lacking MFGE8 or avb5, we hypothesize that POS shedding in these mice
may also be arrhythmic.
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HISTOPATHOLOGY OF THE RETINA IN A PATIENT WITH
AN RPE65 MUTATION
M. Rayborn1, V.L. Bonilha1, L. Yong1, G. Grossman1, E.L.
Berson2, J.G. Hollyfield1

Historically it has been difficult to demonstrate whether POS
shedding and its rhythm are controlled by photoreceptors
themselves or whether RPE activities contribute. Furthermore,
little is known about molecular changes in POS during
shedding or phagocytosis. We set out to explore this issue by
examining plasma membrane asymmetry in POS.

1

Ophthalmic Research, Cole Eye Institute/Cleveland Clinic,
Cleveland, OH, 2Ophthalmology, The Berman-Gund
Laboratory/Harvard Medical School, MEEI, Boston, MA, USA
Background and aims: RPE65 is the all-trans:11-cis retinol
enzyme exclusively expressed in the retinal pigment
epithelium (RPE). Mutations in this gene are found in some
recessive forms of Leber congenital amaurosis. We evaluated
the structure of the retina in a donor eye from a patient with a
homozygous missense change in the RPE65 gene.
(Ala132Thr).

Methods: Using fluorescent annexinV or monoclonal antibody,
we live-labeled externalized phosphatidylserine (PS) in whole
retinas from wild-type, b5 integrin knockout and MFG-E8
knockout mice at different times of day. We double-labeled
isolated rods with annexinV and photoreceptor marker
antibodies to assess staining in individual outer segments at
different time points.

Methods: Tissue was from a 56 year old woman who died
from metastic breast cancer. The eyes were fixed in 4%
paraformaldehyde and 0.5% glutaraldehyde in phosphate
buffer within 13.5 hours postmortem. Small areas from the
fundus and periphery were processed for electron microscopy
and indirect immunofluorescence, using monoclonal
antibodies to rhodopsin (mAb B630N) and cone arrestin (mAb
7G6). The content of autoflourescent material was analyzed.
The affected donor eye was compared to a matched normal
eye.

Results: PS detection reagents label highest levels of
exposed PS in photoreceptors of whole retinas from wild-type
mice at light onset. In addition, isolated photoreceptor rod cells
show differences in the location of externalized PS along the
length of the outer segment with time of day with greatest
exposure of PS on outer segment tips.
Conclusions: Our data indicate that exposure of PS on rod
photoreceptors correlates with initiation of the circadian burst
of phagocytosis by RPE in wild-type mouse retina. PS is
known to serve as an “eat me” signal exposed by cells
undergoing apoptosis. Our data are the first to suggest that
localized PS exposure by non-apoptotic photoreceptor cells
may serve as a signal for POS phagocytosis. Establishing the
molecular changes of rod outer segments destined to be shed
is a critical first step toward determining whether and how
photoreceptor shedding is influenced by activities of RPE cells.

Results: The patient suffered from night deficiency and
decreased side vision since an early age. At age 51 she had
hand motions OD and 20/200 OS, a central island of vision
with far peripheral crescents OU, and peripheral bone spicule
pigmentation OU. Cone ERGs were barely detectable.
Pathologic findings revealed a highly disorganized retina with
indistinct layers in each quadrant. The RPE layer showed
thinning in some regions of the periphery. Rods were almost
absent in the affected retina. Cones were found in the macula,
but very few were in the retinal periphery. No cone synapses
were evident. Autofluorescent material was greatly reduced in
the RPE in all areas studied.

Supported by NIH-EY13295

Conclusions: In the periphery, an absence of rods and cones
was observed. In the macula, cone photoreceptors were
present, but were highly disorganized. The fact that there was
an absence of autofluorescent material in the RPE indicated
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MANIFESTATION OF RETINAL NEURONS AND
PROGENITORS IN RETINAL PIGMENT EPITHELIUM
CULTURES TREATED BY AMNIOTIC FLUID

Figure1.Manifestation of neural progenitors and retinal
neurons in RPE cultures after treatment with AF. (A) nestin
positive cells in neurosphere. (B) immunoreactive cells for
PKCα , specific marker for bipolar cells and (C)
immunoreactive cells for CRABPI, specific marker for
amacrine cells. (A´,B´,C´) corresponding stained nuclei with
DAPI. (Magnification 10×40)

M. Davari1, H. Ahmadieh2, Z.-S. Soheili1, F. Sanie-Jahromi1, S.
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DETECTION OF RETINAL PROGENITOR CELLS IN
HUMAN RETINAL PIGMENT EPITHELIUM (HRPE) CELL
CULTURES

Purpose: Retinal pigment epithelium (RPE) tissue comprised
of specific differentiated cells which possess remarkable
capacity to be directed to give rise to neural progenitors and
retinal neurons by appropriate growth factors. Analysis of
protein components of amniotic fluid (AF) revealed that AF
contains a variety of growth factors which are crucial for
development of the fetus. Here we examined the growth
stimulatory effects of AF on human RPE cell primary cultures.

F. Sanie-Jahromi1, Z.-S. Soheili1, H. Ahmadieh2, M. Davari1,
S. Ghaderi1, M. Rezaie Kanavi2, S. Samiei3, A. Dizaji1
1

Biochemistry, National Institute of Genetic Engineering and
Biotechnology (NIGEB), 2Ophthalmic Research Center, Shahid
Beheshti University of Medical Sciences, 3Iranian Blood
Transfusion Organization Research Center, Tehran, Iran

Methods: RPE cells were isolated from postnatal human
cadaver's globes. Isolated cells were plated and grown in
DMEM/F12
supplemented
with
10%
FBS.
Immunocytochemistry was performed to examine the
presence of RPE65, as a specific marker for RPE cells.
Primary RPE cultures were then treated with 30% AF,
passages 2-7, for 7 days and the presence of retinal neurons
and progenitors markers including PKCα (bipolar cell marker),
CRABP1 (amacrine cell marker), and nestin (neural
progenitors) were immunocytochemically investigated.

Purpose: In recent years, human retinal pigment epithelial
(hRPE) cells have gained great attention because of their
substantial competence for cell replacement therapy in clinical
strategies designed to overcome degenerative retinal
diseases.
Considering that RPE cells loose their ability to be renovated
after embryogenesis, probing the progenitor cells in RPE cell
cultures can ascertain clinical uses of these cells. In order to
further investigate this aspect of RPE cultures in regard, the
presence of progenitor cells in cultured RPE was evaluated
using immunocytochemistry (ICC)
and
conventional
polymerase chain reaction (PCR).
Methods: RPE cells were harvested from neonatal eye globes
and cultured in Dulbecco Modified Eagle's Medium (DMEM):
F-12 supplemented with 10% FCS. Cultures in passages 2-6
were employed to study the immunostaining pattern and gene
expression of Pax6 and Chx10.
Results: Immunostainig of RPE cells showed that Pax6 and
Chx10 have specifically nuclear expression in colonies of cells
with small bright nuclei, possessing high level of
nucleocytoplasmic ratio. Immunostained progenitor cells were
detected in nearly 9-13% of cultured cells of passages 2-6,
commenting that the RPE cells were 100% RPE65 and
cytokeratin positive in the first passage. Expectedly, the PCR
results were concordant with those of ICC.
Conclusion: The observed data suggest that the progenitor
cells were diffused among the RPE normal cell culture. These
cells would serve as a valuable substrate to revolutionized
therapies in degenerative retinal diseases.

Results: AF-treated cultures demonstrated a significant
decrease in the number of RPE65-positive cells while PKCα
(bipolar cell) and CRABPI (amacrine cell) positive cells were
detected. Furthermore treating with AF led to manifestation of
neurosphere-like colonies with a large number of
immunoreactive cells for nestin.
Conclusion: RPE cultures displayed an appreciable capability
to generate retinal neurons and progenitor cells and the results
also showed that AF induced RPE cells to produce other
retinal cells, thereby providing a potential source for cellreplacement therapy studies in retinal diseases.

[Figure 1]

[figure 1]
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Background and aims: A role for the small heat shock
protein, αB crystallin in regulating angiogenesis and apoptosis
has been shown by our laboratory recently. We investigated
the secretory pathways and asymmetry of secretion of αB
crystallin in human polarized RPE monolayers.

(A) 120 bp and 135 bp fragments of pax6 and Chx10 amplified
products and immunostaining pattern of retinal progenitor cell
markers: Pax6 and Chx10. (B) and (D) show the nuclear
localization of Pax6 and Chx10 respectively, immunostained
with FITC-conjugated antibodies. (C) and (E) show the nuclei
of the entire culture, counter stained with 4,6-diamidino-2phenyindole dihydrochloride. Magnification: 8x20 for (D) and
(E) and: 8x40 for (B) and (C).

Methods: Early passage, confluent human RPE cells were
initially grown in exosome-free culture medium. 24 h serumfree conditioned medium was collected and concentrated
using centrifugal filters. Exosomes were isolated from RPE cell
conditioned medium using established procedures and
characterized by transmission electron microscopy. The
presence of αB crystallin in the medium was confirmed by
Western blot. Secretion was also examined in the presence of
lipid raft inhibitor (25µg/ml methyl-β-cyclodextrin) and protein
transport inhibitor brefeldin (BF 7µg/ml), tunicamycin (TM
5µg/ml) and exosome inhibitor dimethyl amiloride (DMA
25µg/ml). In polarized RPE monolayers with trans-epithelial
resistance >300 Ω.cm2, secretion of αB crystallin to the apical
and basolateral domains was determined by Western blot
analysis.
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CD36 CONTROLS VEGF IN RPE AND MACROPHAGES IN
CHOROIDAL NEOVASCULARIZATION
F. Sennlaub1, M. Houssier1, S. Lavalette1, W. Raoul1, S.
Camelot1, X. Guillonneau1, M. Febbraio2, S. Chemtob3, H.
Ong4
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Results: Our studies revealed that αB crystallin is secreted
from RPE cells in to the extracellular medium by a nonclassical exosomal pathway and secretion was lipid raft
dependent. The αB crystallin release was not a result of cell
death as no significant change in cell viability was observed
under any of the experimental conditions. In polarized RPE
monolayers, αB crystallin was predominantly secreted to the
apical side towards the neural retina with undetectable
secretion to the basolateral choroidal side. Polarization of RPE
monolayer increased αB secretion significantly when
compared with confluent nonpolarized RPE cells. To support
the in vitro findings of selective apical release, αB crystallin
was localized in the interphotoreceptor matrix (IPM) in mouse
retinal sections by immunofluorescence and electron
microscopy.

Background: The multiple ligand receptor CD36 is the main
anti-angiogenic receptor of thrombospondin-1 (TSP-1) on
vascular endothelial cells. On the other hand, CD36 signalling
induces proangiogenic COX-2 expression on RPE cells
(Houssier et al. 08, PloS Medecine) and can be implicated in
Macrophages/Microglial cell migration and activation. We here
analyzed the overall effect of CD36 deficiency on choroidal
neovascularization, its implication in macrophage recruitment
and VEGF regulation in macrophages and RPE cells.
Methods: CD36 knockout mice, were submitted to laser
induced injury. Macrophage recruitment was analyzed at 4d
and neovascularization at 14days in vivo. CD36 deficient
macrophages and RPE cells from SHR rats (that express a
non-functional CD36) and their control were stimulated (FA6
Ab) and VEGF protein expression was analyzed by Elisa.

Conclusions: αB crystallin is secreted by RPE cells through a
non-classical, exosome-dependent pathway. Polarization of
RPE monolayer resulted in selective release of αB crystallin to
the apical photoreceptor facing side. Secretion of αB crystallin
in to the IPM could serve to protect the photoreceptors from
cell death.

Results:
CD36
invalidation
inhibits
choroidal
neovascularization significantly. VEGF baseline expression
was diminished in CD36 deficient RPE cells. CD36 stimulation
increased VEGF expression in macrophages and RPE cells of
control rats, but not SHR rats. CD36 deficiency had no impact
on macrophage recruitment to the injury site.

Support: NIH Grants EY01545, EY 03040 and Grants from
RPB & Arnold & Mabel Beckman Foundation.

Discussion: CD36 promotes choroidal neovascularization in
vivo. A rôle of CD36 as an anti-angiogenic receptor on
vascular endothelial cells is not predominant. CD36 is not
involved in macrophage recruitment to the Laser injury site. On
the other hand, CD36 induces VEGF expression in RPE and
macrophages, which might account for the observed
differences of choroidal neovascularization in CD36+/+ and -/mice. In summary, CD36 is an upstream regulator of VEGF. It
induces VEGF expression in laser induced injury and
promotes choroidal neovascularization. CD36 might be a
useful drugtarget to control VEGF expression and choroidal
neovascularization.
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INFLUENCE OF SYSTEMIC RENIN-ANGIOTENSIN
SYSTEM ON OCULAR RENIN: ROLE OF THE PIGMENT
EPITHELIUM
O. Strauss1, V. Todorov2, A. Kurtz2, M. Brockmann1, M.
Desch2, V. Milenkovic1
1

Experimental Ophthalmology, Eye Clinic, University Medical
Center Regensburg, 2Institute of Physiology, University of
Regensburg, Regensburg, Germany
Objective: The retina expresses a local renin-angiotensin
system (RAS). Previous work suggested a link between the
systemic and the intraocular RAS. The aim of this study is the
investigation of the systemic modulation of renin synthesis and
the expression in the retinal pigment epithelium (RPE).
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PREFERENTIAL APICAL SECRETION OF ΑB CRYSTALLIN
BY RPE MONOLAYER AND ITS ROLE IN
NEUROPROTECTION

Methods: qPCR for renin in the mouse kidney and retina;
Ca2+ imaging of short-time cultured procine RPE cells,
influence on systemic RAS: water deprivation, enalapril
administration, AngII infusion, immunocytochemistry.

P.G. Sreekumar1, C. Spee1, S.J. Ryan1,2, R. Kannan1, D.R.
Hinton1,3
1

Arnold Mabel Beckman Macular Research Center, Doheny
Eye Institute, 2Ophthalmology, 3Pathology, Keck School of
Medicine of the University of Southern California, Los Angeles,
CA, USA

Results: We found in freshly isolated RPE cells the
expression of the secreted form of renin, renin 1A. Systemic
administration of the ACE inhibitor enalapril increased the
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renin expression in both the mouse kidney and the retina. In
mice treated with enalapril renin protein was found by
immocytochemistry. Systemic infusion of AngII decreased the
renin expression in the kidney and in the retina. Water
deprivation led to an increase of the renin expression in the
kidney but to an unexpected decrease of the renin expression
in the retina. The mouse retina expresses the AngII receptor
AT1 localized in the RPE at the blood side of the epithelium.
Short-time cultured RPE cells responded with increases in
intracellular free Ca2+ to stimulation by AngII.

that bone marrow-derived cells (BMCs), a heterogeneous cell
population, plays a role in CNV, but detailed information is
deficient. Mesenchymal stem cells (MSCs), a major cell-type
of BMCs, has been applied in diseases treatment as delivery
vehicles. The purpose of this study was to investigate whether
MSCs contributes to CNV, and to explore the potential
application of MSCs in CNV treatment.
Methods: MSCs derived from GFP transgene mice was
injected into wild type mice through tail veins after laser
induction of CNV. Choroidal flatmount was performed to
investigate the recruitment of MSCs to laser spots, and the
differentiation of MSCs in CNV was analyzed by
immunofluorescent staining. Adenoviral vectors (Ad)
expressing pigment epithelial-derived factor (PEDF) was
generated with a reporter gene (GFP). Control vectors was
produced in parallel (AdNull). AdPEDF transduced MSCs,
AdNull transduced MSCs, GFP-MSCs or PBS was injected
after laser photocoagulation. PEDF expression in eye was
examined by immunofluorescent staining and ELISA. One
week after laser, CNV lesion severity was measured by
quantitative analysis of both histopathology and choroidal
flatmount.

Conclusions: We conclude that the renin expression in RPE
cells is influenced by the systemic RAS leading to modulation
of the RAS in the retina. It is likely that AngII circulating in the
plasma is a mediator of this influence.
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REACTIVE MÜLLER GLIA: ANGELS OR DEMONS?
F. Vazquez-Chona, W.D. Ferrell, A. Swan, E. Levine
Ophthalmology, University of Utah, Salt Lake City, UT, USA

Results: One day after laser, GFP-MSCs were found to be
dispersed around the laser sites. Subsequently, the green
cells came closer toward the CNV lesions. On day 7, GFPMSCs were found in CNV and participating in vascular
structure formation. Positive expression was found for cellmarkers of vascular endothelial cell, vascular smooth muscle
cell, macrophage, fibroblast and epithelial cell in MSCs
examined. No MSCs was found in other organs outside eyes.
After transplantation of AdPEDF transduced MSCs, human
PEDF positive staining was found in MSCs and the nearby
extracellular matrix in CNV. ELISA analysis showed PEDF
expression persisted for at least one week. One week after
laser, histopathology and flatmount analysis indicated that
there was significant reduction in CNV thickness, diameter and
surface area. No statistic difference was found between other
groups.

Purpose: Reactive glia are believed to compromise neuronal
survival and function during mammalian CNS degeneration. In
this study, we investigated whether reactive Müller glia are
inherently detrimental to neuronal survival and function in the
absence of a retinal degeneration stimulus.
Methods: We induced Müller glia reactivity in adult mouse
retina by inactivating the cell cycle inhibitor gene Cdkn1b
(previously, p27Kip1) using an inducible Cre-loxP system. To
address the significance of glial reactivity on neuronal survival
and function, we surveyed neuronal metabolism, retinal
electrophysiological properties, and visual behavior.
Results: In the retina, CDKN1B is primarily expressed by
Müller glia. Conditional inactivation of Cdkn1b in the adult
mouse was sufficient to induce the classic hallmarks of
reactive Müller glia: intermediate filament upregulation,
proliferation and displaced nuclei. Cdkn1b-deficient Müller glia
maintained their metabolic support of neural cells including
neurotransmitter recycling, osmoregulation, retinoid binding
and redox function. Moreover, Cdkn1b-deficient Müller glia
had no measurable effect on whole field electroretinograms,
visual acuity or optomotor responses.

Conclusion: Circulating MSCs can recruit to CNV and play a
role in CNV formation by differentiating into multiple cell-types.
MSCs can serve as a cellular delivery system for the antiangiogenic agents in CNV, so that inhibit CNV. Our findings
may facilitate understanding of the mechanisms underlying
CNV and represent a novel therapeutic strategy for CNV
treatment.

Conclusion: We report the first inducible model of reactive
gliosis. Moreover, proliferative and GFAP-expressing Muller
glia have minimal impact on retinal homeostasis, metabolism,
survival and function. Thus, our genetic model offers a
platform to define the degenerative signals that push the
reactive glia to protect or compromise neuronal survival and
function.
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PHOSPHORYLATION OF GRK1 IN VIVO IS REGULATED
BY CYCLIC AMP IN ROD PHOTORECEPTOR CELLS
S. Osawa1, R. Jo1, Y. Xiong1, B. Reidel2, V.Y. Arshavsky2,
P.M. Iuvone3, E.R. Weiss1
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CONTRIBUTION OF MESENCHYMAL STEM CELLS TO
CHOROIDAL NEOVASCULARIZATION AND THEIR
POTENTIAL APPLICATION IN THERAPEUTIC STRATEGY

Backgound and aims: Phosphorylation of rhodopsin by G
protein-coupled receptor kinase 1 (GRK1), or rhodopsin
kinase, is an important step in deactivation of the
phototransduction cascade in rod photoreceptors. Previous
studies demonstrated that GRK1 can be phosphorylated by
cAMP-dependent protein kinase (PKA) on Ser21 in vitro and
that phosphorylation decreases the ability of GRK1 to
phosphorylate rhodopsin. Because cAMP levels in
photoreceptors are high in the dark and low in the light, this
important second messenger may participate in modulating
phototransduction. In the present study, we investigate the
involvement of cAMP in the phosphorylation of GRK1 on

Y.-S. Wang1, H.-Y. Hou1, H.-L. Liang2, Z.-X. Zhang1, B.-R.
Wang3, X. Dong1, Y. Cai1
1

Department of Ophthalmology, 2Department of
Cardiovascular Surgery, Xijing Hospital, Fourth Military
Medical University, 3Institute of Neurosciences, Fourth Military
Medical University, Xian, China
Background and aims: Choroidal neovascularization (CNV)
is a common cause of severe visual loss. However, the
treatment of CNV has been hindered by its complex and
poorly understood pathogenesis. Prior studies have shown
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Ser21 in vivo and identify the location of the phosphorylated
protein compared to unphosphorylated GRK1.

aspartate shuttle is required to regenerate the NAD that is
used in the conversion of lactate to pyruvate. In support of this,
all three cell types showed activity of the transferase but not of
glycerol phosphate dehydrogenase, a component of the
glycerol phosphate shuttle. These results show that either
glucose (a glycolytic and respiratory substrate) or purely
respiratory substrates supports viability in hRPE cells. In
contrast, neither 661W nor Müller cells survives when they are
incubated in media containing purely respiratory substrates,
suggesting that these cell types have a special dependence on
glycolytically produced ATP or glycolytic production of other
essential molecules.

Methods: Wild-type or mutant C57Bl6 mice were either darkadapted or exposed to bright light. Retinas from these mice
were
evaluated
by
Western
blot
analysis
or
immunocytochemistry using an antibody specific for GRK1
phosphorylated on Ser21 (anti-pGRK1) to determine the levels
of phosphorylation under different light conditions. The
locations
of
unphosphorylated
GRK1
and
GRK1
phosphorylated on Ser21 were also compared by serial
tangential sectioning of retinas from dark- and light-adapted
rats, followed by mass spectrometry.

This work was supported by NIH Grant EY 018568 (BSW). We
thank Dr. Sarthy for the rMC-1 cells and Dr. Al-Ubaidi for the
661W cells.

Results: Retinas from light-adapted, wild-type mice
demonstrated dramatically reduced levels of phosphorylated
GRK1 compared to retinas from dark-adapted wild-type mice,
based on Western blot analysis using the anti-pGRK1
antibody. However, in mice missing the gene for
Ca2+/calmodulin-regulated adenylyl cyclase type 1 (Adcy1-/mice), levels of phosphorylated GRK1 were low in retinas from
both light- and dark-adapted animals. Immunocytochemical
analysis and mass spectrometry, in wild-type mice and rats,
respectively, demonstrate that both phosphorylated and
unphosphorylated GRK1 are located in rod outer segments.
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DLX HOMEOBOX TRANSCRIPTION FACTOR
REGULATION OF THE BRN3A HOMEOBOX GENE
DURING VERTEBRATE RETINA DEVELOPMENT
Q. Zhang1,2, S. Cheng2, D. Eisenstat1,2,3,4
1
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Ophthalmology, University of Manitoba, Winnipeg, MB,
Canada

Conclusions: These data indicate that cAMP generated by
adenylyl cyclase type 1 (AC 1) is required for phosphorylation
of GRK1 on Ser21. Because cAMP levels are high in the dark
and low in the light, these results are consistent with the
differences we observed in phosphorylation between light- and
dark-adapted retinas. Based on the immunocytochemical
analysis and mass spectrometry, we also conclude that
phosphorylated GRK1 does not translocate in rods. Our
results demonstrate the importance of AC 1 and cAMP in the
phosphorylation of GRK1 on Ser21.

2
4

Objectives: The Dlx1/Dlx2 double knockout mouse has
reduced numbers (33% fewer) of retinal ganglion cells (RGC),
due to enhanced apoptosis. Brn3a and Brn3b are closely
related members of the Class IV POU-domain gene family,
and share similar expression patterns and play functionally
interchangeable roles in retinal development. Brn3b is
transcriptionally activated by both DLX1 and DLX2. We
hypothesized that Brn3a is a DLX transcriptional target during
retinal development.
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Methods: Embryonic retinas were dissected and chromatin
immunoprecipitation (ChIP) of this tissue was utilized to
identify DLX proteins bound to specific DNA elements of the
Brn3a gene. Electrophoretic mobility shift assays (EMSA) were
used to confirm specificity of this binding. Luciferase reporter
gene assays were performed to confirm functional effects of
DLX binding on the Brn3a promoter. In utero retinal
electroporation was used as an in vivo functional study of DLX
on Brn3a expression.

DEPENDENCE OF RETINAL CELL VIABILITY ON
SUBSTRATE AVAILABILITY AND METABOLIC PATHWAY
B. Winkler, R. Deda, G. Mane, M. Thomas, M. Duenow
Eye Research Institute, Oakland University, Rochester, MI,
USA
The purpose of this work was to examine the viability of
cultured retinal cells incubated in media containing different
substrates. The substrates included glucose, lactate, pyruvate
and glutamine. Cultured retinal cells included human retinal
pigment epithelial cells (hRPE), a cone photoreceptor-like cell
line (661W cells), and a Müller cell line (rMC-1). Cells were
grown to confluence in DMEM containing serum, after which
this medium was replaced with serum-free DMEM containing
different substrates. Cells were incubated in media containing
each substrate for 20 hours. Cell viability was assessed by
counts of surviving cells and photographic evaluation relative
to the t=0 status of the cells, and by markers of metabolism
including lactic acid production and utilization and cellular ATP
content. With glucose, ATP production comes from glycolysis
and respiration, whereas the other substrates produce ATP
exclusively from mitochondria. All cell types incubated with 5.5
mM glucose produced lactate, maintained ATP content at high
levels, and showed minimal cell death after 20 hours. hRPE
cells showed minimal cell loss when incubated in glucose-free
media containing either 10 mM lactate, 10 mM pyruvate or 4
mM glutamine. In contrast, 661W cells and rMC-1 cells
showed substantial cell death when they were incubated for 20
hours in glucose-free media containing either lactate, pyruvate
or glutamine. In glucose-free media, the three cell types
utilized lactate, as indicated by a decrease in the media
concentration of this substrate over time. The utilization of
lactate was inhibited by 1 mM aminooxyacetate, an inhibitor of
aspartate aminotransferase, indicating that the malate-

Results: Only DLX2 but not DLX1 protein bound to the Brn3a
promoter in vivo. Using EMSA, recombinant DLX2 bound to
specific Brn3a promoter sequences and specific supershifted
bands resulted from the addition of DLX2 antibody. DLX2
binding to the Brn3a promoter region activated transcription of
a luciferase reporter gene in vitro. In utero retinal
electroporation shows that ectopic DLX2 expression promotes
Brn3a expression in vivo.
Conclusion: DLX2, but not DLX1, regulates Brn3a
transcription by directly binding to the Brn3a promoter region.
Supported by the Manitoba Institute of Child Health (QZ), the
Manitoba Health Research Council (QZ, DDE), the CIHR
(DDE) and the Foundation Fighting Blindness - Canada (DDE)
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A NEW, RAPID TECHNIQUE FOR MEASURING THE
STRENGTH OF BINOCULAR COMBINATION IN
AMBLYOPES
J. Black1, R. Hess2, G. Phillips1, B. Thompson1

224

1

Optometry and Vision Science, University of Auckland,
Auckland, New Zealand, 2Ophthalmology, McGill University,
Montreal, QC, Canada

hand coordination skills are impaired in children with this
condition.
Methods: Reach-to-precision grasp movements of the
preferred hand made under binocular versus monocular
(dominant or non-dominant eye occluded) conditions to
different objects (2 sizes, 3 locations, repeated 2-3 times) were
recorded using a 3D motion-capture system. Participants were
36 normally-sighted children (aged 5-11) and 11 adults, and
21 children with amblyopia (aged 4-8). Movement kinematics
and error rates were quantified for each viewing condition and
compared within- and between-subject groups.

Background and aims: Amblyopia is a leading cause of
decreased visual acuity and binocular dysfunction. Previous
studies have demonstrated that the amblyopic visual cortex
still has the potential for binocular function, however binocular
combination is impaired by interocular suppression under
normal viewing conditions (Mansouri et al., 2008, Vision
Research (48), 2775). Following from this previous work we
have compared a new, faster technique for quantifying the
interocular imbalance required to allow binocular summation in
adult amblyopes to the original technique described by
Mansouri et al., 2008. We also compare the results from both
of these techniques to other clinical measures of visual
function.

Results: Major changes in visuomotor behaviour and in the
use of binocular information occurred during normal childhood
development. The youngest subjects (aged 5-6, n=11)
employed a predominantly feedforward (programmed or
'ballistic') strategy, spending relatively little time guiding their
hand when approaching the target object, and collided with it
more often when viewing with one eye; those aged 7-8 (n=11)
began incorporating visual feedback to guide their reach, but
their grasping continued to be inaccurate, especially under
monocular conditions; the oldest group (aged 9-11, n=14)
showed more balanced feedforward/feedback control of both
the reach and grasp, and binocular superiorities that also
resembled those of adult subjects. The amblyopic children
were the worst performers under all three viewing conditions,
even for the better/dominant eye. Between-group comparisons
showed that reaching for the object was significantly prolonged
in the amblyopes than in controls, with almost double the time
spent in the final approach and many (1.5-3 times) more
spatial errors in the reach path and grip positioning. These
impairments were most marked in the patients with the poorest
stereo acuity, and less dependent upon the severity (mild,
moderate/severe) or type (strabismic, anisometropic) of
amblyopia present.

Methods: Eleven amblyopic participants (6 anisometropic, 4
strabismic and 1 mixed) were recruited. Using a dichoptic
goggle display, subjects were presented with random dot
kinetograms with signal dots presented to one eye and noise
dots to the other. Participants were required to judge the
direction of signal dot motion. Two methods were used to
determine the level of contrast imbalance between the eyes at
which binocular summation occurred. The first method
measured motion coherence thresholds for each eye over a
range of contrast imbalances (Mansouri et al., 2008). The
second much faster method first determined the motion
coherence threshold under binocular conditions and then
presented the threshold number of signal dots to the
amblyopic eye while contrast of the noise dots in the fellow
eye was varied. The results of these two measures (i.e. the
magnitude of the required contrast imbalance for binocular
summation) were compared to one another and to standard
clinical tests.
Results: The two different techniques for measuring required
contrast imbalance between the eyes were significantly
correlated (p ≤0.05) with anisometropes showing the strongest
correlation. As expected, there was good agreement between
grating and high contrast letter acuity for all subjects
(p=≤0.01). Steroacuity (Frisby) showed a significant correlation
with contrast imbalance (p=≤0.05).

Conclusions: Binocular stereovision provides advantages for
movement programming throughout the middle years of
normal childhood, and increases in importance as children
develop the capacity to incorporate visual feedback (e.g.,
about changes in relative hand-target depth) to guide their
movements in progress. Restoring binocularity may
significantly improve the poor eye-hand coordination abilities
of children with amblyopia.

Conclusion: We have supported previous findings
demonstrating that adult amblyopes have the ability to process
binocular information given a sufficient interocular imbalance
to overcome suppressive mechanisms. Our results also
support the use of a new, faster and therefore more clinically
applicable technique for measuring this imbalance.
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CONNECTING THE DOTS: SENSITIVITY TO GLOBAL AND
BIOLOGICAL MOTION IN VISUALLY NORMAL CHILDREN
AND PATIENTS TREATED FOR CONGENITAL CATARACT
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IMPAIRED DEVELOPMENT OF EYE-HAND
COORDINATION IN CHILDREN WITH AMBLYOPIA

Background and aims: Adults can detect a global direction of
motion from disparate local motion signals such as seeing the
path of a meteor containing bursting stars. Biological motion,
formed by a moving animate organism, appears to be a
special case. Little is known about the relative rate of
development of sensitivity to global and biological motion nor
the effects of early visual deprivation on them. Here, we tested
sensitivity to global and biological motion in normally
developing children aged 7, 10, and 13 years, and adults (n =
20 per group), as well as in eight patients treated for dense
bilateral congenital cataracts (8-29 years old).

S. Grant1, D. Melmoth1, J. Sloper2, C. Suttle3
1

Optometry & Visual Science, City University, 2Strabismus &
Paediatrics, Moorfields Eye Hospital, London, UK, 3Optometry
& Visual Science, University of New South Wales, Sydney,
NSW, Australia
Background: Binocular stereovision provides important
advantages, compared to monocular viewing, for the
programming and guidance of mature reach-to-precision grasp
movements. We examined whether binocular information
provides similar benefits for normal children at ages spanning
the susceptible period for amblyopia, and whether these eye-

Methods: In the global motion tasks, participants
discriminated upward from downward motion in random-dot
displays with dots moving slowly (4 deg/sec) or quickly (18
deg/sec). Thresholds were defined as the minimum
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percentage of dots moving coherently in the same direction
that were required to accurately determine the overall direction
of motion. In the biological motion task, participants
discriminated point light displays of humans performing
various actions from scrambled displays, with the number of
added noise dots varied across trials. Thresholds were defined
as the maximum number of noise dots tolerated for accurate
discrimination.

between hyperopic and astigmatic AA groups. Moderate
correlations were detected between BVA in the amblyopic
eyes and the amount of anisometropia (r=0.582; P< 0.0001).
No statistically significant differences were noted among the
three groups in the BVA of the fellow eye, subjects' age,
gender, and race.
Conclusion: Myopic AA patients had the poorest VA in the
amblyopic eye compared with hyperopic and astigmatic AA.
The visual acuity of the amblyopic eye was moderately
correlated with the amount of anisometropia present.

Results: Results revealed a similar, long developmental
trajectory for sensitivity to global and biological motion (ps<
0.0001). Only the 13-year-olds showed adult-like performance,
suggesting that the cortical mechanisms that integrate local
motion cues over time and space take many years to mature.
Although sensitivity to global motion was better for faster than
slower speeds at every age (ps< 0.0001), developmental
trends did not differ across the two speeds (p>0.10). In
contrast, early bilateral deprivation had different effects on the
two types of motion perception. Z-scores based on age norms
indicated a large deficit in processing both speeds of global
motion (mean Z-score = - 4.21 and - 5.85 for fast and slow
speeds, ps< 0.01) but no abnormality for processing biological
motion (mean Z-score = -0.19, p>0.70). The adverse effect of
visual deprivation was equivalent at the two speeds of global
motion (p>0.20) and greater than the (non-significant) effect
on biological motion (ps< 0.01).
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THE COMPARISON OF TWO METHODS OF PERFORMING
FIXATION PREFERENCE TEST IN STRABISMIC PATIENTS
E. Procianoy
Ophthalmology (Strabismus), UFRGS, Porto Alegre, Brazil
Objective: To compare the accuracy of the fixation preference
test done with the patient touching and looking at the fixation
target, to the usual test done with the patient only looking at it.
Methods: A pilot transversal and prospective study was done
with 40 strabismic patients with deviations greater than 10
prism diopters, from 7 to 30 years old. Patients with paralitic
strabismus, other causes of low vision other than amblyopia
and the ones who didn't inform visual acuity with letters were
excluded from the study. All patients were tested with both
fixation preference tests by the same examiner, who was
masked regarding the patient's visual acuity. Patients who
were unable to maintain fixation for 5 seconds with the non
dominant eye were considered amblyopics. Visual acuity was
measured with the Early Treatment Diabetic Retinopathy
Study (ETDRS) chart. Patients with 2 or more lines of visual
acuity difference between the eyes were considered
amblyopics. The sensitivity and specificity of both tests were
calculated.

Conclusions: The adverse effects of early deprivation on
sensitivity to global motion are reversed for biological motion,
perhaps because the underlying neural network is stimulated
by body movements during the period of visual deprivation.
Supported by Canadian Institutes of Health Research (grant#
MOP 36430)
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FACTORS INFLUENCING VISUAL ACUITY IN
ANISOMETROPIC AMBLYOPIA
Y. Pang1, J. Ho2, M. Luu2

Results: The modified test had a sensitivity of 93% and
specificity of 77%; while the regular test had a sensitivity of
93% and a specificity of 46%.

1

Illinois College of Optometry, Chicago, IL, 2New England
College of Optometry, Boston, MA, USA
Purpose: Anisometropia is the most frequent cause of
amblyopia. It can be categorized as myopic, hyperopic, and
astigmatic anisometropia. The purpose of this study was to
determine if the magnitude and category of anisometropia
predicted the visual acuity (VA) in anisometropic ambylopia
(AA).

Conclusions: Our results suggest that the modification of the
fixation preference test by asking the patient to touch the
fixation target might reduce the number of false positive results
of the test.
Keywords: Amblyopia, visual acuity, strabismus, diagnosis

Methods: Charts of 600 amblyopic patients were reviewed.
Only AA patients without previous amblyopia treatment and
spectacle correction were qualified for the study, resulted in a
total of 40 subjects. The following clinical data were collected:
subjects' age, gender, race, baseline VA (BVA) in each eye,
and refraction. The amount of anisometropia and interocular
difference in VA (IODVA) was calculated for each patient and
all VA was expressed in logMAR. An analysis of variance
(ANOVA) was performed to compare the BVA in different
groups of AA. The relationship between BVA and the amount
of anisometropia were tested using the spearman correlation.

Poster Session 3
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INSULIN GROWTH FACTOR PROMOTES HUMAN
CORNEAL FIBROBLAST NETWORK FORMATION IN
VITRO
A. Berthaut1,2, P. Mirshahi1, N. Benabbou1, E. Ducros1, A.
Therwath1, J.M. Legeais2, M. Mirshahi1

Results: There were 14, 22, and 4 subjects in the groups of
myopic, hyperopic, and astigmatic AA groups respectively.
The mean (± SD) age of subjects was 8.21 (± 3.32) years old
with 19 boys and 21 girls. The average BVA in the amblyopic
eyes was 0.54 ± 0.30 logMAR, with a BVA of 0.71 ± 0.33,
0.49± 0.24, and 0.22 ± 0.10 in myopic, hyperopic, and
astigmatic AA respectively. The average IODVA was 0.57 ±
0.33 among all groups. ANOVA showed a statistically
significant difference in BVA of the amblyopic eye (P=0.006)
between myopic and hyperopic AA groups (P=0.009), as well
as between myopic and astigmatic AA (P=0.05), but not
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INSERM - UMRS 872, Centre de Recherches les Cordeliers,
Hotel Dieu de Paris, Paris, France

2

Purpose: Keratocyte reticulation is involved in the structural
development of corneal stroma and in wound healing. In an
earlier paper, we have reported that the expression of VEGFR1 by corneal fibroblasts is related to their reticulogenic
properties in vitro and decreased with the age of donors. The
corneal fibroblasts population is composed of a major fraction
capable of reticulation while a minor component fails to form
reticular network. Presently, we have focussed our interest on
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the non-reticulogenic corneal fibroblast population and have
investigated whether these cells can be induced to form cellnetwork, in vitro, under experimental conditions.

spectrophotometry showed an improved transparency of
aligned stromal constructs compared to unaligned stromas
and dermal fibroblast constructs. Masson's trichrome and
immunofluorescence staining for fibrillar actin and collagen I
showed regular alignment and distribution of cells and
collagen fibers within the aligned constructs. We observed the
orientation of a first cell layer along the patterns in the
material. Moreover, orientation of the first cell layer translates
into a physical cue that induces the second cell layer to follow
a physiologically consistent orientation mimicking the structure
of the native tissue. The superior layer formed at an angle shift
of 53±8 degree relative to the first corneal fibroblast layer,
which is consistent with the 60 degree angle observed in
native cornea.

Methods: The network formation was analysed using an array
of signalling pathway inhibitors wortmannin for PI3 kinase,
UO126 for MEK-1/2 kinase, Rottlerin for PkCζ, Farneysl
transferase inhibitor (FTI-277) for Ras and picropodophyllin an
IGFR-1 inhibitor. Among several growth factors studied, we
came upon IGF which seemed also to be crucial to cell
network formation. The presence of IGF signalling was
demonstrated using gene array analaysis, confirmed by RTPCR as well as by immunocytochemistry and cell network
formation on reduced matrigel.
Results: We identified that the genesis of reticulation occurred
via MEK-1/2 and IGFR pathways since inhibitors of these
signalling pathways were able to reduce or prevent cell
network formation. The addition of exogenous IGF-1 was able
to generate cell network structure in corneal fibroblasts
obtained from healthy donors indicating the involvement of
IGF-1.

Conclusions: This work will lead to construction of thicker and
clearer corneal stromas that will be combined to epithelial and
endothelial layers to form corneas with improved transparency
and eventually, treat patients with these substitutes as corneal
grafts.
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Conclusion: IGF signaling and MEK-1/2 pathway is involved
in the cell network formation of corneal fibroblasts cells from
aged donors.

OPTIMIZATION OF A THIN FIBRIN GEL FOR THE
PROTECTION OF THE ENDOTHELIUM DURING
KERATOPLASTY PROCEDURES
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Proulx1,2

KERATOCYTES SHEET ALIGNEMENT VIA SURFACE
TOPOGRAPHY PRODUCE TISSUE-ENGINEERED
STROMA WITH IMPROVED OPTICAL PROPERTIES
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Background: Endothelial keratoplasty procedures, such as
Descemet stripping automated endothelial keratoplasty
(DSAEK), are rapidly replacing traditional penetrating
keratoplasty (PK) for the treatment of endothelial diseases.
Advantages of DSAEK over PK include preservation of the
host corneal surface, faster wound healing and less postoperative monitoring time. However, the increased
manipulation of the graft may be an important cause of
endothelial cell loss.
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Background: Population aging and tightened criteria for
selecting donor corneas have led to a shortage of organs for
transplantation in Canada, particularly in the province of
Québec. Producing tissue-engineered human corneas with the
patient's own cells is a promising new approach for corneal
tissue replacement. Corneal epithelium and endothelium
layers are successfully grown in vitro to form physiologic
layers, but reconstruction of a full thickness stroma still
presents certain challenges, such as mechanical properties (to
sustain the intraocular pressure) and transparency.

Aim: The goal of this study is to optimize a fibrin gel that could
coat and protect the corneal endothelium. For that purpose,
the fibrin gel needs to be thin, uniform, foldable, degradable
and non-toxic to the corneal endothelium.
Methods: Different fibrinogen (35 and 100 mg/ml) and
thrombin (4, 50 and 500 IU/ml) concentrations were used to
generate fibrins gels. These solutions were sprayed onto
human corneas, and polymerization time, thickness and
structure were assessed. Corneas coated with fibrin gels were
also cultured to evaluate the ability of corneal endothelial cells
to degrade the fibrin gel. Endothelial cell counts were obtained
in order to evaluate the effect of the fibrin gel on corneal
endothelial cell's viability.

Aim: The aim of this work was to produce a thick stroma with
human keratocytes which present a physiological alignment of
cells and matrix and, consequently, a maximal transparency.
Methods: Contact guidance was used for alignment of stromal
cells. Human corneal keratocytes were cultured in the
presence of serum and ascorbic acid in order to promote
extracellular matrix assembly and formation of sheets that
were superposed to form a reconstructed corneal stroma.
Cells were seeded on biocompatible polymers that were either
micro-structured or not. After an appropriate maturation period,
stromal constructs were analysed for transparency using a
scanning spectrophotometer and for cell/matrix organisation
by histological and immunological staining. Aligned stromas
were compared to unaligned stromal controls and similar
constructs produced with dermal fibroblast.

Results: Gels composed of low thrombin or low fibrinogen
concentrations polymerized slowly. The combination of 50 or
500 IU/ml of thrombin with 100 mg/ml fibrinogen yielded a fastpolymerizing fibrin gel that totally coated the endothelium in a
thin, uniform and flexible gel. Endothelial cells degraded the
fibrin gels in 3 to 4 days, and endothelial cell counts remained
similar to controls.
Conclusions: This study shows that fibrin gels reconstituted
with 50 IU/ml of thrombin and 100 mg/ml fibrinogen can be
used to coat the corneal endothelium in order to protect the
cells during endothelial keratoplasty procedures. Since fibrin

Results: Transmission spectrum measurement obtained by
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gels do not affect corneal endothelial cell's viability, this new
protection could be tested in vivo for keratoplasty surgeries.

Ophthalmology, The Catholic University, Seoul, Republic of
Korea
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Purpose: To investigate mutations in the carbohydrate
sulfotransferase gene (CHST6), which located on 16q22, in a
Korean patients with macular corneal dystrophy (MCD).

MODULATION OF ADHESION JUNCTION BY BVES
ALTERS CORNEAL EPITHELIAL HEALING

Methods: Genomic DNA was extracted from blood samples of
one family and unrelated patients with MCD visited the
Department of Ophthalmology at the Catholic University
Medical Center. To screen genetic mutations in 4 exons, 5'and 3'-untranslated region of CHST6 gene were performed
using polymerase chain reaction and direct sequencing.
Control individuals were selected from the general population
without MCD.

M. Chang
Ophthalmology, Vanderbilt Eye Institute, Vanderbilt University,
Nashville, TN, USA
Background: Adhesion junctions, tight junctions (TJ) and
adherens junctions (AJ) are constantly forming, dissociating,
and reforming. This dynamic nature is evident during the
wound healing process. Bves (blood vessel epicardial
substance) is a novel adhesion molecule which regulates
formation of TJs and AJs between human corneal epithelial
cells (HCE). These observations led to the hypothesis that
Bves can modulate corneal epithelial healing by
regulating TJ and AJ formation and modulating their
associated signaling pathways.

Results: Analysis of CHST6 revealed 10 different mutations.
These mutations were comprised of five novel missense
mutations (Thr12Asn, Ser118Phe, Pro186Arg, Arg205Trp,
Tyr358His) and two missense mutations (Gln 122 Pro and
Glu274Lys), one novel nucleotide mutation in 3' UTR
(EX3+2770 T>G), one mutation in 5' UTR (EX1334_335CC>TT), deletion and insertion mutations (EX1245insC and EX3+802delC). Among them, Thr12Asn showed
unrelated MCD patients.

Methods: To test our hypothesis, stably transfected clones
over-expressing a full length (WTX) and dominant negative
truncated Bves (DN) were generated from a HCE cell line.
Isolates were analyzed for alterations in cytoskeleton
(immuno-fluorescence staining), TJ formation (Westerns), cell
growth characteristics (soft agar assay, flow cytometry), cell
motility (time lapse microscopy), and cell morphology. State of
TJ associated Rho and AJ associated Wnt activation was
determined using respectively Raichu FRET probes and TOP
Flash. Finally, the effects of Bves disruption using morpholinos
in a HCE cell culture wound healing model was determined.

Conclusions: Our data is the first report of ten heterozygous
mutations of CHST6 gene included six novel mutations in
Korean patients with MCD. It is suggested that CHST6
mutations may act as a potential susceptibility mutation for
Korean patients with Macular corneal dystrophy.
P306
LONG-TERM MORPHOLOGICAL EVOLUTION OF
CORNEAL DENDRITIC CELLS IN INFECTIOUS KERATITIS:
AN IN VIVO CONFOCAL MICROSCOPY STUDY

Results: DN had impaired monolayer formation with loss of
epithelial morphology. DN also exhibited accelerated cell
cycling, increased colony formation in soft agar, and increased
cell motility. WTX formed an organized monolayer with
decreased cell cycling, decreased soft agar colony formation,
and reduced cell motility: essentially opposite of DN. The DN
cells expressed vimentin as the main intermediate cytoskeletal
filament, while WTX retained cytokeratin expression. These
results indicate that DN cells have transformed to a
mesenchymal phenotype while WTX remain epithelial. The DN
cells also exhibited increased Rho activation and Wnt
signaling activation. In cell culture models of corneal wound
healing, knocking down levels of Bves by morpholino
accelerated epithelial “healing”.

A. Cruzat1, D. Witkin1, A. Hajrasouliha1, L. Zheng2, P.
Hamrah1,2
1
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Immune Disease Institute, Harvard Medical School, Boston,
MA, USA
Background: Dendritic cells (DC) residing in the central
cornea are typically in an immature state. Previous studies
have shown that soluble factors derived from the cornea and
aqueous humor, prevent DC from acquiring phenotypic and
functional maturation. Maturation of DC is induced by corneal
injury, inflammation or infection.

Conclusions: After a corneal injury, the initial cellular
response is migration to cover the injured area and to restore
the protective barrier. Our findings indicate that Bves can
modulate the epithelial wound healing process. With disruption
of Bves, there appears to be mechanical untethering of cells
through reduction of TJ and AJ formation. Furthermore,
reduction of Bves also induced HCE cells to undertake a
mesenchymal phenotype which is associated with increased
motility and proliferation. Thus, Bves can modulate the corneal
healing by regulating mechanical adhesion between HCE cells
and transition between epithelial and mesenchymal
phenotypes. The TJ and AJ signaling pathways, Rho and Wnt,
appear to play a role in the regulatory effects of Bves.

Aim: To study the long-term morphological changes of
epithelial DC during follow-up visits of patients with acute
infectious keratitis (IK) by laser in vivo confocal microscopy
(IVCM).
Methods: This is a prospective, case-control study. Laser
IVCM with the Heidelberg Retina Tomograph 3 and the
Rostock Cornea Module (HRT3/RCM) of the central cornea
was performed in 18 eyes with acute bacterial, acanthamoeba,
fungal or adenoviral keratitis at the time of diagnosis with IK
and during each follow-up visit. The control group was
composed of 18 normal eyes. Density and morphological
characterization of central corneal DC were evaluated at the
basal epithelial cell layer or the level of subbasal nerve plexus.
Cell body size, number and length of dendritic processes and
area covered by each DC were analyzed in order to grade DC
according to a newly developed scale with 6 morphological DC
patterns.

P305
CARBOHYDRATE SULFOTRANSFERASE 6 (CHST6)
GENE MUTATIONS IN KOREAN PATIENTS WITH
MACULAR CORNEAL DYSTROPHY

Results: In patients with IK, across all sub-groups, the mean
central epithelial DC density was significantly higher than in
controls (p< 0.05). The follow-up period extended up to 1 year

K.J. Cho, J.-W. Mok, Y.S. Byun, K.S. Na, S.-H. Park, S.H.
Chung, C.-K. Joo

228

where significant and progressive decrease in DC density,
increase in cell body size, increase in total DC area, and
increase number and length of dendritic processes was
observed (p< 0.05). These changes were not associated with
etiology of IK, but correlated with the time elapsed from the
onset of infection (r=0.3, p< 0.05).

expressed genes was examined by monitoring luciferase
activity of reporter constructs following cotransfection with
Pax6 in COS7 cells.
Results: Corneal overexpression of Pax6 in an FVBN
background produces an abnormal cornea with altered
epithelial cell morphology, neovascularization, immune cell
invasion, and a compromised barrier, however, no goblet cells
were observed in the corneal epithelium; the lens appeared
normal. Major changes in expression of genes involved in
immune function, vascularization, and epithelial differentiation
occurred in corneas from transgenic versus wildtype mice. The
keratin (K) profile was dramatically altered in the transgenic
corneas (K4, 13, 14, 15, 16, and 17 were increased 28-, 4-, 3-,
8-, 14-, and 26-fold, respectively) as were several components
of the Wnt signaling pathway (Wnt 5a, 11, and Wnt inhibitory
factor 1 (WIF1) were increased 2-, 3-, and 24-fold,
respectively). In severely-affected transgenic corneas, K12
was reduced and Pax6 was redistributed into the cytoplasm.
Promoters from potential Pax6 target genes including chitinase
3-like 3, WIF, and Flt1 were upregulated 5-, 7-, and 3-fold,
respectively, by Pax6 in transfected COS7 cells.
Conclusions: Our data indicate that Pax6 may function
directly to maintain a normal, corneal epithelial cell
differentiation program. Changes in corneal barrier integrity,
followed by neovascularization, and may be secondary to
differentiation alterations.

[Dendritic cell in Infectious keratitis]
P308
BOVINE LACTOFERIN STIMNULATES HEALING OF
CORNEAL ALKALI INJURY IN MICE

Conclusions: Laser IVCM in patients with IK, revealed
significant and progressive morphological changes of corneal
DC over time, presumably characteristic for a more mature
phenotype. The morphological categorization of the DC
correlates with the time of infection, regardless of etiology of
infection, and may aid in determination of disease state.

Q. Garrett1,2, U. Pattamatta1,2, F. Stapleton2, M. Willcox1,2
1

Institute for Eye Research Limited, 2The University of New
South Wales, Sydney, NSW, Australia
Purpose: Previously, we reported bovine lactoferrin (BLF)
stimulated healing of alkali-induced-human corneal epithelial
wounds in vitro (Pattamatta et.al. IOVS 2009). This study was
to test the efficacy of BLF in promoting healing of corneal alkali
injury in an animal model.

P307
AUTONOMOUS ACTION OF PAX6 IN THE CORNEA:
CHANGES IN SURFACE BARRIER INTEGRITY AND
EPITHELIAL CELL DIFFERENTIATION

Methods: Six- to 8-week-old male BALB/c strain mice were
anaesthetised with Avertin. An alkali injury was induced by
exposure of the left cornea to NaOH-soaked 1.5 mm filter disc.
The corneal surface was immediately irrigated with sterile
pyrogen-free saline. 10 µl of BLF (62.5 µM) in PBS (phosphate
buffered saline), 62.5µM BSA (bovine serum albumin) in PBS
as control or PBS only was applied topically to the mouse eyes
three times daily to both the alkali-burned and control eyes for
7 days post-injury. Wounds were stained with fluorescein to
assess wound healing. Corneas were examined histologically
and homogenised tissue was evaluated for the expression of
cytokines.

J. Davis, J. Piatigorsky
National Eye Institute, National Institutes of Health, Bethesda,
MD, USA
Background and aims: Subtle alterations in the levels of
Pax6 produce eye abnormalities including changes in the
cornea and lens. The coupled development of the lens and
corneal epithelium from Pax6-expressing surface ectoderm,
the influence of the lens on anterior segment development,
and continued Pax6 expression in the lens and cornea of adult
eyes has made it difficult to discern whether Pax6 functions
directly in the each of these tissues. To address the question
of whether Pax6 functions directly in the cornea
(autonomously), we have utilized a corneal-preferred promoter
from the aldehyde dehydrogenase 3a1 (Aldh3a1) gene to
overexpress Pax6 specifically in the cornea.

Results: BLF stimulated healing of the alkali-induced corneal
wounds compared to control groups; 61% mice treated with
BLF healed completely 7 days after wounding, whereas only
27% and 21% wounds healed in the control groups (p < 0.05).
Histopathological evaluation of wounded mice cornea
indicated that there was significantly more inflammatory cell
infiltration into the corneas treated with either PBS or BSA
compared to BLF treatment. There was a concomitant
decrease in IL-1 levels in BLF treated mice compared to
controls.

Methods: Transgenic mice harboring a construct containing
mouse Pax6 coding sequences fused downstream of the
Aldh3a1 promoter were generated in an FVBN genetic
background. Pax6 expression was analyzed by Western blot
and immunohistochemistry. Eye sections were stained with
hematoxylin and eosin, Schiff's reagent, and fluorescein to
assess morphological changes, presence of goblet cells, and
corneal barrier integrity, respectively. Gene expression
changes in mildly-affected transgenic corneas were compared
to age-matched, wildtype corneas by microarray analysis and
quantitative PCR. Promoter regulation of several differentially

Conclusion: BLF treatment accelerated healing of corneal
alkali injury in Balb/c mice which was associated with rapid
reepithelialisation and reduced inflammation.
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Purpose: To evaluate the extent of keratoconjunctival
inflammation in patients with Mooren's ulcer and the treatment
responses by in vivo confocal microscopy.

RECOVERY OF SEVERE NON-HEALING HUMAN
CORNEAL BURNS BY REGULATING THE EXPRESSION
OF A GAP JUNCTION CHANNEL FORMING PROTEIN

Designe: Prospective cohort study.

C. Green1, S. Ormonde1, C. Chou1, L. Goold2, C. Petsoglou2,
R. Al-Taie1, T. Sherwin1, C. McGhee1

Participants: Twenty-two eyes from 15 Mooren's ulcer
patients (7 males, 8 females, mean age: 59.9 ±19.4 years)
were recruited in this prospective study.
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Ophthalmology, University of Auckland, Auckland, New
Zealand, 2Save Sight Institute, University of Sydney, Sydney,
NSW, Australia

Methods: All subjects underwent routine ophthalmology
examinations including slit-lamp examination, fluorescein
staining, in vivo confocal microscopy, and conjunctival
histopathological examination of specimens in patients
undergoing conjunctival excision. Eyes with active Mooren's
ulcer were treated with topical corticosteroids, and additional
therapy, including systemic corticosteroids, topical and
systemic
cyclosporine,
conjunctival
excision,
and/or
keratoepithelioplasty depending on the signs and symptoms.
Eyes with Mooren's ulcer in remission continued to receive the
previous treatment protocols.

Background and aims: Non-healing epithelial wounds and
chronic ulcers remain a significant health challenge. In the
eye, chronic inflammation with little or no epithelial recovery
leads to corneal opacity, blindness or enucleation. A
connexin43 specific antisense oligodeoxynucleotide molecule
(Cx43AsODN) has been used in a number of preclinical
models to improve wound repair. In animal models of acute
corneal injury transiently blocking translation of connexin43
limits oedema, moderates both myofibroblast differentiation
and proliferation (inflammation) and leads to increased rates of
epithelial recovery. Furthermore, down regulation of
connexin43 expression in microvascular endothelia in
damaged tissues prevents vessel leak and die back. In five
patients presenting with severe non-healing human corneal
alkali burns the last resort compassionate use of Cx43AsODN
was proposed in order to promote healing and epithelial
recovery.

Main Outcome Measures: The relation between the severity of
Mooren's ulcer and inflammation status as assessed by in vivo
confocal microscopy was studied.
Results: Ten eyes had active corneal ulcers, and 12 eyes
were in remission for the past year. The mean ICD in the 10
eyes with active ulcers before treatment was 3022 ±1868
cells/mm2. Nine of these eyes responded to subsequent
treatment at 8 weeks with improvement with a decrease of
corneal ICD to 370 ±159 cells / mm2. One eye had corneal
perforation, and ICD immediately before perforation was 1834
cells / mm2. The mean ICD of 12 eyes in remission was 416 ±
316 cells / mm2. The correlation of the ICD and the extent of
limbal involvement with ulcers was strong (R2=0.8995).

Methods: Cx43AsODN delivered in cold thermoreversible
Polaxamer407 gel were used to transiently block translation of
the connexin43 gap junction protein. The five patients with
ocular surface chemical or thermal burns that had been
unresponsive to established therapy from between 7 days to
over 8 weeks, had a single or spaced double application of the
antisense (2 micromolar concentration) applied under an
amniotic membrane graft or bandage contact lens. Recovery
was assessed by following revascularization to the limbus and
corneal epithelial restoration.

Conclusions: ICD evaluated by in vivo laser scanning
confocal microscopy is a useful and a promising parameter for
evaluation of the degree of inflammation in Mooren's ulcer and
assessment of treatment responses. Observation of fluid-filled
epithelial cysts in confocal microscopy appears to be a sign of
imminent perforation.

Results: In all five patients treatment successfully triggered
complete healing and ocular surface restoration. A salient
feature was that recovery of the vascular bed and limbal
reperfusion preceded epithelial recovery; limbal ischemia and
ocular inflammation were significantly improved within 24 - 48
hours of treatment. Corneal epithelium was fully restorated in 3
patients after a single application of the Cx43AsODN, with 2
patients requiring a second treatment to obtain full epithelial
recovery and surface restoration.

P311
OPTICAL COHERENCE TOMOGRAPHY AND SLIT LAMP
IMAGING OF CORNEAL DYSTROPHY IN THE DUTCH
BELTED RABBIT
D. Holve1, K. Mundwiler1, J. Schuh2, S. Pritt1

Conclusions: This was first therapeutic use of connexin43
modulation. The outcome in all five patients with severe, non
healing ocular burns indicates that this approach has potential
in the treatment of the ocular surface following injury or
surgical intervention. Significantly, it adds to our understanding
of the causal pathway for non healing corneal wounds.
Epithelial recovery and surface restoration was preceded by a
general reduction in ocular inflammation with blood vessel
recovery and reperfusion.
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Biological Test Center, Irvine, CA, 2Applied Veterinary
Pathobiology, PLLC, Bainbridge Island, WA, USA
Aims: Dutch belted rabbits are widely used for ocular
toxicology, as well as, device and drug development studies
due to the possession of large eyes with pigmentation and
inflammatory responsiveness, along with the availability of
normative data. Corneal dystrophy, a spontaneously occurring
but infrequently documented disease, excludes affected
rabbits from such studies. Slit lamp and optical coherence
tomography (OCT) imaging were used as novel techniques to
better evaluate the characteristics of corneal opacities in a
group of Dutch belted rabbits.

P310
THE APPLICATION OF IN VIVO CONFOCAL SCANNING
LASER MICROSCOPY IN THE DIAGNOSIS AND
EVALUATION OF TREATMENT RESPONSES IN
MOOREN'S ULCER

Methods: 13 male, 6-month-old Dutch belted rabbits from a
single research production facility had evidence of corneal
disease during routine ocular screening. Diagnostics included
intraocular pressure and evaluation of serum lipids. Slit lamp
with fluorescein and indirect ophthalmoscopy with
photographic documentation and OCT were performed
monthly for three months.

S. Hatou, M. Dogru, O. Ibrahim, T. Wakamatsu, E. Sato, S.
Shimmura, K. Tsubota
Department of Ophthalmology, Keio University School of
Medicine, Tokyo, Japan

Results: 23 eyes from 13 rabbits were affected. Normal
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intraocular pressure and serum lipids ruled out glaucoma and
lipidemic deposits. Except for the corneal opacities,
examination of ocular and adnexal tissue was unremarkable.
Digital photography and OCT identified areas of white, nonvascularized granularity, predominantly below the midline of
the cornea, ranging from 2-8 mm in size. These areas were
predominately subepithelial, frequently elevated within the
stroma and extended as deep as mid-stroma. However, these
areas sometimes involved the epithelium.

School of Optometry and Vision Science, The University of
New South Wales, Kensington, NSW, Australia
Background and aims: Increased tear osmolality is a key
feature of ocular dryness. The purpose of this study was to
investigate the effects of hyperosmolar medium on human
limbal corneal epithelial cell viability and protein expression.
This model was used to test the potential for polyunsaturated
fatty acids to modulate ocular surface integrity in the presence
of hyperosmolality.

Conclusions: Spontaneous corneal opacities in these Dutch
belted rabbits are consistent with a group of diseases
categorized as familial superficial corneal dystrophy in
humans. Slit lamp digital photography combined with OCT
provided novel imaging that better characterizes these lesions
in rabbits.

Methods: Confluent cultures of SV40-immortalised human
corneal limbal epithelial cells (HCLE) were exposed to
isomolar and a range of hyperosmolar solutions for 18 hours.
Osmolality was increased by 25mM, 50 mM, 100mM, 150mM,
200mM, 500mM and 1000mM by adding NaCl or sucrose to a
1:1 mixture of GIBCO SFM:low calcium DMEM/F12 medium.
Cell proliferation was assessed using an MTT assay. Media
osmolality were measured with a vapour pressure osmometer
(Wescor, USA). The effect of 76nM docosahexaenoic acid
(DHA) on cell viability in isomolar and hyperosmolar conditions
was assessed.

P312
EFFECTS OF PPAR-BETA/DELTA ON MIGRATION AND
PROLIFERATION IN A CORNEAL EPITHELIAL CELL LINE
IN VITRO

Results: Cell viability was reduced by approximately 80% in
osmolality of 100mM NaCl and 500mM sucrose after 18-hour
exposure. An apparent increase in cells numbers was noted at
low hyperosmolar levels (25mM) for both NaCl and sucrose.
The morphological changes observed ranged from cell
rounding and blebbing in medium hyperosmolar conditions to
loss of cell-cell attachment and cell death in high hyperosmolar
conditions. Exposure to 76nM DHA for 18 hours significantly
reduced cell viability under all conditions to less than 5%.

A. Inoue, Y. Okada, A. Kitano, S. Saika
Ophthalmology, Wakayama Medical University, Wakayama,
Japan
Purpose: To examine how peroxisome proliferation-activated
receptor (PPAR)-beta/delta affects a wound healing model in
monolayer culture of SV40- immortalized human corneal
epithelial cell (HCEC) line. The PPAR family consists of three
members; PPAR-beta/delta or -gamma, which are involved in
the modulation of inflammatory cell function or cell proliferation
during wound healing.

Conclusion: A hyperosmolar limbal epithelial cell tissue
culture model was established by addition of NaCl and
sucrose. At a concentration of 76nM, DHA was toxic and did
not confer any protection from hyperosmolar stress. Testing of
lower concentrations and other polyunsaturated fatty acids is
warranted.

Methods:
1) To characterized PPAR-beta/delta protein expression in
mouse
corneas,
localization
was
examined
by
immunohistochemistry.
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2) Effects of the PPAR-beta/delta ligand GW501516 (50-100
nM) and/or PPAR-beta/delta antagonist GW0660 (1 microM)
on HCEC migration were examined subsequent to wounding
confluent monolayer cultures.

NON-INVASIVE HIGH SPATIAL RESOLUTION SECOND
AND THIRD HARMONIC MICROSCOPY FOR IMAGING IN
VITRO TISSUE-ENGINEERED HUMAN CORNEAS
L. Jay1,2,3, L. Germain4,5, K. Singh1,2, I. Brunette2,3, T. Ozaki1,2,
S. Proulx4,5

3) Alamar blue staining evaluated the effects of GW501516
(50-100 nM) and/or GW0660 (1 microM) on HCEC
proliferation.
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Institut National de la Recherche Scientifique (INRS) Énergie, Matériaux et Télécommunications, Varennes,
2
Département d'Ophtalmologie, Centre de Recherche de
l'Hôpital Maisonneuve-Rosemont, Montreal, 3Département
d'Ophtalmologie, Université de Montréal, Montréal, 4Centre de
Recherche FRSQ du CHA Universitaire de Québec,
Laboratoire d'Organogénèse EXpérimentale (LOEX),
5
Département d'Oto-Rhino-Laryngologie et d'Ophtalmologie et
Département de Chirurgie, Université Laval, Quebec, QC,
Canada

Results:
1) The PPAR-beta/delta protein was detected in mouse
corneal epithelium.
2) GW501516 increased wound-induced cell migration and
proliferation.
3) GW0660 suppressed wound-induced cell migration and
proliferation.

Background: The recent progress in tissue engineering has
made it possible to consider new solutions for corneal tissue
replacement. A promising approach is to produce in vitro
tissue-engineered human corneas with the patient's own cells.
A challenge is evaluating the quality of the engineered tissue
while maintaining viability. We chose to use second and third
harmonic generation (SHG/THG) microscopy since these two
non linear optical methods are known to give, without any
staining, a high spatial resolution and a good contrast between
stromal collagen and other layers of the cornea.

Conclusion: The PPAR-beta/delta ligand facilitated wound
healing in cultured HCEC sheet. These findings suggest that
PPAR- beta/delta play a role in corneal epithelial cell migration
and proliferation.
P313
A HYPEROSMOLAR TISSUE CULTURE MODEL TO
INVESTIGATE THE EFFECTS OF POLYUNSATURATED
FATTY ACIDS ON OCULAR SURFACE INTEGRITY

Aim: To compare the structure of a tissue-engineered corneal
stroma using non-invasive imaging by the SHG/THG
microscopy and standard histology and immunofluorescent
stainings.

I. Jalbert, U. Stahl, M. Madigan
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Ophthalmology and Regenerative Medicine, 2Dermatology,
Ophthalmology, Ehime University, Touon, Japan
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Methods: Human corneal keratocytes were cultured in the
presence of serum and ascorbic acid in order to promote
extracellular matrix assembly, forming sheets that were
superposed to reconstruct a corneal stroma. These
living/unfixed tissue-engineered corneal stromas were imaged
using SHG/THG microscopy then fixed and observed using
histology,
transmission
electron
microscopy
and
immunofluorescent TUNEL assay for detection of apoptotic
cells.

Purpose: To determine whether epithelial sheets can be
practically produced from cryopreserved human corneal
epithelial cells (HCEs), we examined sheets created from
either cryopreserved or non-cryopreserved HCEs cultured on
human dermal fibroblast (HDF)-embedded collagen gel.
Methods: Primary HCEs were precultured in modified
MCDB153 until subconfluence, and a portion of the
precultured HCEs were cryopreserved with Cell Banker-II
(Mitsubishi Kagaku Iatron, Inc., Tokyo, Japan). Cryopreserved
and non-cryopreserved cells (5x105) were each separately
seeded onto the denuded amnion attached to the HDFs
(5x105) embedded collagen gel (24 mm in diameter), and
cultured for 9 days. The expressions of K3/K12, K14, tight
junction proteins, p63, p63-alpha isoform, and K15 were
examined by immunofluorescence microscopy.

Results: Using SHG/THG microscopy, collagen fibers and
keratocytes were imaged while maintaining the structural
integrity and viability of the tissue-engineered corneal
stromas.Results show images comparable to histology and
TUNEL assays demonstrate the viability of the tissue following
SHG/THG observations.
Conclusions: The current results show the excellent ability of
high resolution SHG/THG microscopy to image tissueengineered corneas in culture non-invasively and nondestructively. Avoiding fixing tissues for the observation of
tissue growth, organization and remodeling during engineering
of living substitutes in vitro is of special interest.

Results: After the 9 days of culture on the HDF-gel, both
cryopreserved and non-cryopreserved HCEs were stratified
and expressed K3/K12, K14, and tight junction proteins (ZO-1,
occludin, claudin-1). In the sheet created from cryopreserved
(1, 11, or 14 months) cells, the basal cell layer contained p63+
(range: 86.4% to 91.7%), p63-alpha+ (80.3% - 88.5%), and
K15+ (10.4% - 14.6%) cells. The number of p63+, p63-alpha+,
and K15+ cells in the basal cell layers of the cryopreserved
HCEs did not significantly differ from those of the noncryopreserved HCEs (Fig. 1). HCEs precultured in modified
MCDB153 did not stratify when cultured with 3T3 feeder layer
cells, or without either HDFs or collagen gel.

P315
ENRICHMENT OF CORNEAL EPITHELIAL PROGENITORS
BY ISOLATION METHOD AND CULTURE ENVIRONMENT
M. Kawashima, T. Kawakita, S. Shimmura, K. Tsubota

Conclusion: Corneal epithelial sheets containing progenitorlike cells can be generated from cryopreserved HCEs by using
HDF-gel.

Ophthalmology, Keio University, Shinjuku-ku, Japan
Purpose: For clinical use of better cultivated corneal epithelial
sheet, we compared two isolating methds, collagenasemethod and previous dispase-method from the point of the
number of progenitor cells and proliferating cells. We also
compared the characteristics of epithelial cells cultured with
different culture medium, serum free kerationcyte medium or
DMEM/F12 medium.
Methods: Human limbal tissues from donor cornea were
evenly divided. Enzymatic treatment was peformed by
dispaseII(37C 1h) or type 1A collagenase(37C 16h). Isolated
cell fractions were assessed for viable cell numbers, fibroblast
contamination, and colony forming efficiency. Cytospin smears
were double immunostaining with p63 (4A4) and other
progenitor markers to determine which methods include more
number of progenitor cells.
Results: After enzymatic treatment, viable epithelial cell
numbers were 1.7x10^5 ±0.9 (mean + SD) and 8.3x10^5±0.9
cells in dispase and collagenase methods, respectively. The
isolated limbal cells were highly positive for p63 with compact
cell morphology in both methods. Cells with vimentin with
elongated morphology were not observed after 7 days culture
in serum free keratinocyte medium in both methods.
Conclusion: The combination of collagenase isolation and
cultivation in serum-free medium showed the best result in
expansion and enrichment in progenitor cells. For limited cell
source in application, this method may be useful for cultivating
corneal epithelial cells.

[Number of progenitor-like cells in the sheets]
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NEURAL ACTIVITY OF CORNEAL COLD RECEPTORS
AND NOCICEPTORS IN AN EXPERIMENTAL MODEL OF
DRY EYE

EPITHELIAL SHEETS PRODUCED FROM
CRYOPRESERVED HUMAN CORNEAL EPITHELIAL
CELLS USING HUMAN DERMAL FIBROBLASTEMBEDDED COLLAGEN GEL

I. Kovács1,2, C. Luna2, S. Quirce2, M.C. Acosta2, C. Belmonte2,
J. Gallar2

T. Kobayashi1, A. Shiraishi1, L. Yang2, Y. Shirakata2, K.
Hashimoto2, Y. Ohashi3
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laminin, entactin, and heparin sulfate proteoglycan, until the
denuded area is completely covered. Collagen then
sequentially reappears beneath the newly reconstructed
epithelium. The FN binding integrin α5β1 plays a major role in
corneal wound healing by promoting epithelial cell adhesion
and migration over the newly synthesized FN matrix. We
recently demonstrated that α5 gene expression is induced by
FN when rabbit corneal epithelial cells (RCECs) are grown in
the presence of FN. Here, we examined whether α5 gene
expression is similarly altered when RCECs are grown on
collagen gels or on a combination of various ECM
components.

Background and aims: To evaluate the effect of decreased
tear secretion on nerve impulse activity of corneal cold
thermoreceptors and polymodal nociceptors in an animal
model of dry eye.
Methods: Main lacrimal gland was surgically removed in 13
guinea pigs. 18 animals served as a control group. One, two or
four weeks afterwards, whole eyes or isolated corneas were
mounted in a recording chamber and superfused with
physiological saline. Electrical activity was recorded from
nerve fibers in the back of the eye and from individual endings
in the corneal surface, using conventional electrophysiological
equipment. Spontaneous activity (SA) at 34-36°C was first
recorded, followed by cooling pulses down to 22-25°C and
heating up to 52ºC, obtained by the temperature of the
perfusing solution at variable rates. Mechanical stimulation
was performed with calibrated von Freys hairs and chemical
stimulation with 30s gas jets of 98% CO2 in air applied onto the
corneas. The firing pattern of the spontaneous and stimulus
evoked nerve impulse activity were analyzed in control and dry
eyes.

Methods: Plasmids bearing the CAT reporter gene fused to
various segments from the α5 promoter were transfected into
RCECs grown on either CI or CIV gels, or on a devitalized,
complete matrix produced by culturing corneal fibroblasts with
ascorbic acid for 35 days (CFM-35d). The composition of the
CFM-35d matrix was determined by mass spectrometry and
immunofluorescence analyses. Expression and DNA binding
of the transcription factors Sp1, AP-1 and NFI was monitored
by Western blot and electrophoretic mobility shift assays
(EMSAs), respectively.
Results: The CFM-35d was found to contain collagen types I,
V, VI, XII, and XIV, fibronectin, tenascin, vimentin and
proteoglycans. Transfection of RCECs with α5/CAT constructs
demonstrated that collagens exert a strong negative influence
on the α5 promoter activity. Both Western blot and EMSA
provided evidence that expression and DNA binding of the
positive transcription factor AP-1 was dramatically reduced in
RCECs grown on CFM-35d and CI gels whereas little
influence was observed for both Sp1 (an activator of α5 gene
expression) and NFI (a strong repressor of that gene).

Results: Tear secretion decreased after surgery compared to
baseline. SA of cold receptors at 34-36ºC was increased in dry
eye corneas compared to controls. Peak frequency in
response to cooling was significantly higher in corneas of dry
eyes than in control corneas. The temperature decrease
required to reach the maximum response was smaller in the
dry eye group than in the control group. Similarly, polymodal
nociceptors showed elevated spontaneous activity and an
enhanced
response
to
chemical
stimulation.
Mechanonociceptors recorded from dry eyes showed lower
threshold to mechanical stimulation.

Conclusions: Unlike FN, collagens exerted a strong negative
regulatory influence on the α5 gene promoter function. These
results suggest that components from the ECM that are
expressed either during the proliferative phase of corneal
wound healing, or once the process has been completed, may
play different regulatory influences on the expression of the α5
gene.

Conclusions: Decreased tear secretion induced by removal
of the main lacrimal gland altered the response characteristics
and sensitivity of corneal cold and of nociceptor sensory fibers.
Increased nerve impulse activity in this population of sensory
afferents may contribute to dryness and irritation sensations
experienced by dry eye patients.
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Support: Human-MB08A 80372 NKTH-OTKA-EU 7KP (Marie
Curie) (IK), SAF2008-00529 (JG) and CSD2007-00023 (CB)
from Ministerio de Ciencia e Innovación, Spain.

AMNIOTIC MEMBRANE INHIBITS SQUAMOUS
METAPLASIA OF HUMAN CONJUNCTIVAL EPITHELIUM
W. Li, Y. Tan, Y. Shao, F. Qiu, Z. Lin, W. Chen, C. Li, Z. Liu
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REGULATORY INFLUENCE OF COLLAGEN ON THE
ACTIVITY DIRECTED BY THE PROMOTER OF Α5
INTEGRIN SUBUNIT GENE IN CORNEAL EPITHELIAL
CELLS

Purpose: Squamous metaplasia is a common pathologic
process that happens in ocular surface epithelium. The
present study was undertaken to investigate the effect of
human amniotic membrane on squamous metaplasia of
human conjunctival epithelium in an ex vivo culture model.

J. Lake1, S. Leclerc1, P. Carrier2, L. Germain2,3, C. Salesse1,4,
S.L. Guérin1,4

Methods: Human normal conjunctival tissues were cultured
under airlift manner with or without human amniotic membrane
(AM) or AM extract for different durations up to 12 days.
Conjunctival epithelial cell differentiation and proliferation were
evaluated by K10, MUC5AC, Pax6, Ki67, K14, K16 and p63
expression. P38 MAPK and Wnt signal related proteins such
as phospho-p38, b-catenin and phospho-b-catenin were
studied by immunostaining.
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Axe de Recherche en Neurosciences, Centre de Recherche
du CHUQ, Québec, 2Laboratoire d'Organogenèse
Expérimentale, Centre de Recherche du CHA, 3Département
de Chirurgie, Faculté de Médecine, 4Département
d'Ophtalmologie, Faculté de Médecine, Université Laval,
Quebec, QC, Canada
Purpose: Upon injury, the epithelial cells that border the
damaged surface of the cornea must rapidly cover the
denuded area to protect the most posterior corneal structures.
Both the stromal keratocytes and the basal epithelial cells
surrounding the wound secrete massive amounts of fibronectin
(FN) that helps promote epithelial cells adhesion and
migration. Collagen (mostly types I (CI) and IV (CIV))
temporarily disappears from the basement membrane, a
specialized extracellular matrix (ECM) that also contains

Results: Squamous metaplasia was induced in conjunctival
epithelium through airlift culture, as evidenced by increased
stratification, positive expression of K10 and K16, increased
K14, Ki67 and p63, and declined or absent of Pax6 and
MUC5AC. When cultured with AM, hyper-proliferation and
abnormal epidermal differentiation of conjunctival epithelium
were inhibited to a large extent, although MUC5AC expression
gradually diminished. Squamous metaplasia of conjunctival
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Purpose: To validate the more easily applicable “flush” tear
collection technique as a viable alternative to basal and reflex
tear collection.

epithelium could also reverse to nearly normal phenotype after
12 days co-culture with AM. Further more, AM extract
exhibited similar activity in terms of preventing squamous
metaplasia of conjunctival epithelium. P38 MAPK and Wnt
signaling pathways were activated in conjunctival explants
cultured under airlift manner, while down-regulated when
conjunctival explants were co-cultured with AM.

Methods: Total protein content (TPC) and Immunoglobulin A
(IgA) concentrations were determined in the basal, reflex and
flush tears of 16 healthy non-contact lens wearers. The overall
protein profile was established using sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) and mass
spectrometry (MS).

Conclusions: Amniotic membrane can inhibit and reverse
squamous metaplasia of conjunctival epithelium. This may
shed new light on prevention and treatment for diseases with
epithelial squamous metaplasia.

Results: Collection-rates were 4.6 ± 6.7µl/min, 13.9 ±
11.1µl/min and 25.7 ± 12.4µl/min for the basal, reflex and flush
tears respectively. TPC was 7.14 ± 2.22mg/mL, 6.01 ±
2.11mg/mL and 3.79 ± 1.51mg/mL for basal, reflex and flush
tears respectively with flush tears being significantly less
concentrated than basal (p=0.001) and reflex (p=0.008). IgA
concentration was 1.04 ± 0.29mg/mL, 0.64 ± 0.26mg/mL and
0.65 ± 0.23mg/mL for basal, reflex and flush tears respectively
with basal tears being significantly more concentrated (p<
0.001). As a percentage of TPC, IgA represented 19.8 ±
14.9%, 11.4 ± 3.9% and 19.8 ± 8.7% for basal, reflex and flush
respectively. These were not significantly different (p=0.07).
SDS-PAGE showed the same tear profiles for basal and flush
tears. MS identified the most abundant proteins in all tear
types.
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HYPOXIA PREVENTS AIR-EXPOSURE INDUCED
ABNORMAL DIFFERENTIATION OF CORNEAL LIMBAL
EPITHELIUM
C. Li1,2, W. Li1, T. Yin1, X. Fang1, N. Dong1, L. Quyang1, H.
Wu1, Y. Tan1, Z. Liu1
1
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Purpose: To investigate the effect of hypoxia on the
squamous metaplasia of corneal limbal epithelium.

Conclusions: The flush method allows much faster collection
than basal secretion sampling but returns essentially the same
spectrum of proteins, in similar proportions. This behavior is
confirmation that the flush technique has utility as a more
convenient alternative to basal tear sampling in studies
involving composition analysis.

Methods: Human corneal limbal explants were cultured under
airlift condition in hypoxia with or without Notch inhibitor DAPT
or in normoxic manner for 10 days. Epithelial cell proliferation
and differentiation were studied using certain markers such as
Ki67, p63, Pax6, K10 and K12 keratins. Activation of p38
MAPK and Notch signaling pathways were determined by
immunostaining. Rabbit corneal limbal epithelial cells were
cultured under airlift manner in normoxia or hypoxia for 7 days.
The differentiation of rabbit limbal epithelial cells was
investigated by immunostaining of K12 and K10 keratins, and
real-time PCR of K12, K10, and Pax6.
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HISTOLOGICAL OBSERVATION OF CORNEAL FLAP
FORMED BY FEMTOSECOND LASER VISU MAX
T. Miyamoto1, R. Takatsuki1,2, N. Fujita1, S. Saika1

Results: Hyper-proliferation and abnormal epidermal
differentiation of human corneal limbal epithelium was induced
by air exposure under normoxic condition. Hyper-proliferation
was augmented, while abnormal epidermal differentiation was
inhibited when limbal explant was cultured in air exposure
under hypoxia. Notch signaling pathway was activated in
corneal limbal epithelium under hypoxia, accompanied with
down-regulation of p38 MAPK signaling pathway.
Furthermore, addition of Notch inhibitor under hypoxic
condition restored activation of p38 MAPK, and resulted in
recidivation of abnormal differentiation even under hypoxic
condition. The abnormal differentiation of rabbit limbal
epithelial cell sheet culture was also blocked under hypoxia in
airlift condition, otherwise was prominent in normoxic airlift
culture.
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Purpose: To compare the histology of the corneal flap made
with femtosecond laser Visu Max and mechanical
microkeratome.
Methods: Porcine corneas (n=16) were used. Corneal flap for
LASIK procedure was performed in each eye with
femtosecond laser Visu Max (Carl Zeiss Meditec Corp.) or
microkeratome MK2000 (NIDEK Corp.). Parameter of Visu
Max was as follow: flap diameter of 7.9mm, 110-degree side
cut and an attempted flap depth of 110 mm. Each cornea was
processed for histological analysis under light microscopy or
transmission electron microscopy.

Conclusions: Hypoxic condition could prevent abnormal
epidermal differentiation while enhance proliferation of corneal
limbal epithelial cells. Hypoxia coupled with air exposure could
be utilized in tissue engineering of corneal limbal epithelial cell
sheet.

Results: The corneal flap with mirokeratome was cut in plane
incision and the thickness of the flap was thin in the edge but
thick in the center. The flap with Visu Max was made in same
thickness from edge to center. Under electron microscopy,
dust-like material was observed in the vacuoles made by
photodisruption in the Visu Max-treated cornea, but not in the
microkeratome group.
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Conclusion: Corneal flap treated with Visu Max was very thin
and same thickness from edge to center. But dust-like material
was observed in the vacuoles in the Visu Max-treated cornea.
That may be product by photo disruption. These materials may
cause the diffuse lamellar keratitis after LASIK associated with
femtosecond laser.

VALIDATION OF THE FLUSH METHOD AS AN
ALTERNATIVE TO BASAL OR REFLEX TEAR
COLLECTION
M. Markoulli1,2, E. Papas1,2,3, A. Petznick1,2,3, B. Holden1,2,3
1

Institute for Eye Research, 2School of Optometry & Vision
Science, 3Vision Cooperative Research Centre, University of
New South Wales, Sydney, NSW, Australia
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Methods: Genomic DNA was extracted from blood samples of
unrelated Dry eye patients with two symptoms of nonSjogren's disease and Sjogren's disease, visited the
Department of Ophthalmology at the Catholic University
Medical Center. To screen genetic variations in rs1800795 of
IL6 promoter region and Asp358Ala (rs8192284) of IL6R were
performed using polymerase chain reaction, restriction
fragment length polymorphism and direct sequencing. Control
individuals were selected from the general population without
dry eye.

ENHANCING EFFECTS OF SERICIN ON CORNEAL
WOUND HEALING IN OLETF RATS, A MODEL OF TYPE 2
DIABETES MELLITUS
T. Murao1, N. Nagai1, Y. Ito1, N. Okamoto2
1

School of Pharmaceutical Sciences, Kinki University, Osaka,
Department of Opthalmology, Hyogo College of Medicine,
Hyogo, Japan
2

Background and aims: It has been reported that diabetic
keratopathy is experienced by 50% or more of diabetic
patients. However, for reasons of effectiveness, safety and
stable supply, a potent wound-healing agent for human
corneal wounds has not yet been introduced, and the
development of effective and safe corneal wound-healing
drugs is highly anticipated. The protein sericin is the main
constituent of silk. We reported that sericin instillation has a
potent effect in promoting wound healing and wound-size
reduction in rats. Therefore, we investigated whether Otsuka
Long-Evans Tokushima Fatty (OLETF) rats, a model of type 2
diabetes mellitus can be used as a diabetic keratopathy model
animal, and the effect of the sericin on corneal wound healing
in OLETF rats.

Results: In this study, we investigated rs1800795 of IL6 and
rs8192284 of IL6R in Korean patients with dry eye. Genotypic
and allelic distribution of the rs8192284 of IL6R was
significantly different between dry eye patients with nonSjogren's symptom and controls; C allele of dry eye patients
was significantly difference compared with control subjects (p
= 0.045, O.R. = 1.902). And also, Sjogren's disease patients
had significantly higher C allele frequency, C allele had
significantly higher than controls was significantly difference
compared with control subjects (p< 0.001, O.R.=2.959). But
there were no statistically significant differences in the allele
and genotype frequencies of rs1800795 of IL6 promoter region
between dry eye patients and controls. The genotype
distributions of all polymorphisms of IL6 and IL6R among the
control subjects and the affected individuals were in HardyWeinberg equilibrium.

Methods: Corneal wounds were prepared by removal of the
corneal epithelium, and documented using a TRC-50X
equipped with a digital camera. The sericin solutions used in
this study were prepared by adding Pure SericinTM to saline
(pH 6.5-7.5) on the day of experiment. Fifty microliters of
saline or sericin solution were instilled into the eyes of rats five
times a day (9:00, 12:00, 15:00, 18:00, 21:00) after corneal
abrasion.

Conclusions: This is the first report of IL6 and IL6R gene
variations screening in Korean dry eye patients. Significant
differences in allelic frequency in rs8192284 of the IL6R gene
between dry eye, which is non-Sjogren's and Sjogren's
diseases, and the control group suggest that IL6R
polymorphisms may play a role in the susceptibility of
unrelated Korean to develop dry eye, particularly, Sjogren's
disease.

Results: The corneal wounds in Long-Evans Tokushima
Otsuka (LETO) rats as normal controls had almost healed
entirely at 48 h after corneal epithelial abrasion. By contrast,
corneal wounds healing in OLETF rats was slower than in
LETO rats, and the corneal wounds were healed by 72 h after
corneal epithelial abrasion. The corneal wounds of rats
instilled with saline showed almost complete healing by 72 h
after corneal epithelial abrasion. Conversely, the corneal
healing rate of OLETF rats instilled with 10% sericin solution
was significantly higher than that of LETO rats instilled with
saline, and the wounds showed almost complete healing at 48
h after corneal epithelial abrasion. The corneal healing rate
increased with increasing sericin concentration. The corneal
wound healing rate of OLETF rat eyes instilled with 10%
sericin solution was approximately 2.5-fold that of OLETF rat
eyes instilled with saline.
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KINETIC ANALYSIS OF THE RATE OF CORNEAL WOUND
HEALING IN OLETF RATS, A MODEL OF TYPE 2
DIABETES MELLITUS
N. Nagai1, T. Murao1, Y. Ito1, N. Okamoto2
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Background and aims: Diabetic keratopathy is a well-known
ocular complication secondary to type 2 diabetes mellitus. In
this study, we performed a kinetic analysis of corneal wound
healing in Otsuka Long-Evans Tokushima Fatty (OLETF) rats,
a model of type 2 diabetes mellitus.

Conclusions: The present study hypothesized that OLETF
rats may provide a suitable animal model for diabetic
keratopathy, and the instillation of sericin solution has a potent
effect in promoting wound healing and wound-size reduction in
LETO and OLETF rats.

Methods: The plasma glucose (Glu) level was determined
using an Accutrend GCT (Roche Diagnostics, Mannheim,
Germany). The corneal epithelium was removed with a BD
Micro-SharpTM, and the resulting corneal wounds were dyed
with 1% fluorescein solution. The wounds were monitored
using a TRC-50X (Topcon, Tokyo, Japan) equipped with a
digital camera. The corneal wound healing rate constants (α
and β) and contribution ratios (A and B) for the period 0-72 h
after corneal epithelial abrasion was calculated using the
following equations (Eq. 1 and 2).
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A GENETIC ASSOCIATION OF IL 6 AND IL6R GENES IN
KOREAN DRY EYE PATIENTS
K.-S. Na, J.-W. Mok, C.-K. Joo
The Catholic University of Korea, Seoul, Republic of Korea

Eq. 1: Corneal wound (%, W) = wound area
0 h × 100

Purpose: To determine the possibility of inflammation related
genes, interleukin 6 (IL6) and interleukin 6 receptor (IL6)
genes, as potential susceptibility candidate gene for Korean
patients with dry eye, we investigated the association of the
IL6 and IL6R polymorphisms in unrelated Korean patients with
dry eye.

0-72 h

/ wound area

Eq. 2: Wt = Ae-αt + Be-βt.
Results: Corneal wound healing in 7-week-old normal rats
was mostly complete 24 h after corneal epithelial abrasion,
and the process of corneal wound healing took place
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according to an equation with a first-order rate constant. The
rate of corneal wound healing in normal rats decreased with
aging. The process of corneal wound healing in 38- and 60week-old normal and OLETF rats occurred in two phases with
rate constants for the first and second phases represented as
α and β, respectively. It is hypothesized that the α, and β
represent cell movement and cell proliferation, respectively.
The α and β values in 38- and 60-week-old OLETF rats were
lower than those in normal rats of the corresponding age.
Furthermore, a close relationship was observed between the
corneal wound healing rate constant and plasma Glu levels in
OLETF rats.

either focal or panretinal laser treatment which suggests that
reduced sensitivity observed in DM patients may be due, at
least in part, to an undesired sensory nerve lesion subsequent
to retinal laser photocoagulation.
*Supported by grants SAF2008-00529, BFU2008-04425 and
CSD2007-00023 from the Ministerio de Ciencia e Innovación,
Spain; and Fundación Marcelino Botin, Spain.
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BZATP ACTIVATES P2X7 AND P2Y11 RECEPTORS IN
LACRIMAL GLAND MYOEPITHELIAL CELLS

Conclusions: The kinetic analysis suggests the sequence of
events that occur following damage to the corneal surface in
OLETF rats as a model animal for human type 2 diabetes
mellitus.

K. Ohtomo1,2, M. Shatos1,2, R. Hodges1,2, D. Dartt1,2
1

Schepens Eye Research Institute, 2Ophthalmology, Harvard
Medical School, Boston, MA, USA
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Purpose: To determine the types of purinergic receptors
present in rat lacrimal gland myoepithelial cells in culture.

RETINAL LASER PHOTOCOAGULATION CONTRIBUTES
TO REDUCED CORNEAL SENSITIVITY IN DIABETIC
PATIENTS

Methods: Rat lacrimal glands were dissociated by repetitive
cycles of digestion in collagenase. Cells were placed in serumsupplemented RPMI-1640 medium until myoepithelial cells
(MECs) appeared. Cells were evaluated for expression of the
myoepithelial cell markers smooth muscle actin (α-SMA), αactinin and adenylyl cyclase II. Immunofluorescence
experiments were performed using antibodies to P2X2, P2X7,
P2Y11 and P2Y13 receptors. For intracellular calcium ([Ca2+]i)
measurement, MECs were seeded onto coverslips and
cultured. All cells were loaded with the calcium indicator dye
fura2 in a HEPES-buffered solution for 1hr at 37°C. Calcium
measurements were obtained using the InCyt Im2TM ratio
Imaging System using excitation wavelength of 340 and
380nm. The purinergic receptor agonists ATP (P2Y and P2X
agonist), UTP (P2Y agonist), 2'(3')-O-(4-benzoylbenzoyl)
adenosine 5' -triphosphate (BzATP, P2X7 agonist), adenosine
5'-O-(3-thiotriphosphate) (ATPγS, P2X2 and P2Y11 agonist)
were used. A438079 and Brilliant blue G (BBG) were used as
P2X7 receptor inhibitors and NF157 as a P2Y11 receptor
inhibitor.

W. Neira1,2, T.T.M. Tervo1, J.M. Holopainen1, F. Borras3, M.C.
Acosta2, C. Belmonte2, J. Gallar2
1

Dept. Ophthalmology, University of Helsinki, Helsinki, Finland,
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Purpose: To establish corneal sensitivity to selective
mechanical, chemical and thermal stimulation of diabetes
mellitus (DM) patients whose diabetic retinopathy had been
treated, or not, with focal or panretinal laser photocoagulation.
Methods: Sensitivity of the cornea to selective mechanical,
thermal (heat and cold) and chemical stimulation was
evaluated using a commercial Belmonte non-contact gas
esthesiometer (Deriva Global, Valencia, Spain) in 52 DM
patients. 3s-gas pulses were applied to the central cornea to
determine mechanical, chemical, heat and cold sensitivity
thresholds (STh). Age, gender, time from DM diagnosis, type
of diabetes (DMI, DMII), time from the onset of retinopathy,
type of retinopathy, type of argon laser treatment received by
the patient (none, focal, scattered photocoagulation) were
recorded. Data from DM patients receiving or not retinal laser
photocoagulation were compared between them and with
those from 18 age-matched healthy individuals (control eyes).
The experimental procedure followed the tenets of the
Declaration of Helsinki.

Results: α-SMA, α-actinin and adenylyl cyclase II were
expressed in the cultured lacrimal gland myoepithelial cells.
Immunohistochemistry confirmed the presence of P2X2, P2X7,
P2Y11 and P2Y13 receptors on these cells. ATP increased
[Ca2+]i in a concentration-dependent manner with maximum
increase of 360±32nM at 10-3M. UTP increased [Ca2+]i in a
concentration-dependent manner with maximum increase of
351±7nM at 10-4M. BzATP (10-4M) increased [Ca2+]i in the
presence of Mg2+ by 160±54nM and the absence of Mg2+ by
191±9nM. The BzATP-induced increase in [Ca2+]i was
significantly inhibited by pretreatment with A438079 (10-4M)
and BBG(10-4M), by 39% and 37% respectively (p< 0.05).
Addition of BzATP desensitized the ATP and ATP
desensitized the BzATP receptor Ca2+ response. The BzATPinduced increase in [Ca2+]i was partially inhibited by
pretreatment with NF157 (10-4M) by 61%.

Results: STh to mechanical (p< 0.01, t-test), chemical (p<
0.001), heat (p< 0.001) and cold (p< 0.001) stimulation were
significantly increased in DM patients compared to healthy
subjects. STh to mechanical, chemical, heat and cold
stimulation increased proportionally to age in control subjects
(p< 0.001, Pearson correlation) but not in DM patients
(p>0.05). No significant correlation was found between STh
and the type of DM, time from DM diagnosis, type of
retinopathy or its time from diagnosis (p>0.05, Pearson
correlation). Mechanical (p< 0.05, ANOVA on ranks) threshold
was higher in patients subjected to photocoagulation
compared to those not undergone to laser treatment and to
controls, independently of the type of laser treatment.
Chemical threshold was significantly increased in DM patients
subjected to retinal photocoagulation compared with those that
not undergone this treatment and to the controls (p< 0.001,
ANOVA on ranks).

Conclusions: We conclude that in lacrimal gland
myoepithelial cells activation of P2X7 receptors by ATP and
BzATP results in a small Ca2+ response, whereas BzATP
activating P2Y11 receptors results in a larger Ca2+ response.
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RECURRENT CORNEAL EROSIONS IN THE MOUSE ARE
ACCOMPANIED BY DISRUPTED Α6Β4 INTEGRIN AND
ELEVATED MMP-9

Conclusions: Corneal sensitivity thresholds to selective
mechanical, chemical, heat and cold stimulation were
significantly increased in diabetic patients. This increased
threshold was more prominent in patients that had undergone

S. Pal-Ghosh1, G. Tadvalkar1, C. Catasson2, M.A. Stepp1
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staphyloma in 25 eyes (11%), Rieger anomaly in 17 eyes
(8%), sclerocornea in 14 eyes (6%) and others in 4 eyes (2%).
Of the 160 eyes of 109 patients with Peters anomaly, 51 cases
were bilateral and 58 cases were unilateral. In 58 unilateral
Peters anomaly, 28 patients showed abnormal findings in the
fellow eye, including anterior staphyloma, sclerocornea, Rieger
anomaly, macular and optic disc hypoplasia and aniridia. The
visual acuity was measured in 98 eyes of 61 patients (37
bilateral and 24 unilateral cases). The best-corrected visual
acuity in bilateral patients was above 20/40 in 24%, between
20/40 to 20/200 in 41%, and below 20/200 in 35%. Fundus
examination was performed in 83 eyes, and fundus disorders
were seen in 13 eyes, including coloboma, choroidal atrophy,
PFV, optic atrophy, FEVR and retinal folds. Systemic disorders
were present in 35 patients and there was a family history in 5
patients.

Recurrent corneal erosion syndrome (RCES) is one of the
most frequent ophthalmic complaints causing pain, discomfort
and a reduced quality of life. Corneal epithelial stem cell
deficiency (CESCD), likewise, causes discomfort and may
require limbal transplant surgery; it also is accompanied by
recurrent corneal erosions. Our objective in this study is to
reveal underlying causes of RCES using our mouse RCES
and CESCD models in hopes of developing new treatments for
the erosions that accompany disease. Balb/C mice are
subjected to small (1.5 mm) and large (2.5mm) corneal
debridement wounds and allowed to heal for times ranging
from 18 hr to 4 weeks. After sacrifice, control and treated eyes
are scored for open or closed wounds and stored in methanol
for microscopy or epithelial tissues harvested by debridement
and frozen in liquid nitrogen for RNA and protein studies. We
hypothesize that the erosions could be caused by the failure of
epithelial cells to regain tight adhesive contacts with their
underlying corneal stroma via integrin-containing adhesion
complexes called hemidesmosomes (HD). Using whole mount
confocal microscopy and 3-D image reconstruction, we show
that unwounded corneal epithelium has a highly ordered
distribution of the hemidesmosomal α6β4 integrin whereas the
RCES corneas show both less and more poorly organized
α6β4 integrin at and around erosion sites. Increased levels of
matrix metalloproteinases (MMP's) have been demonstrated in
human epithelial tissues derived from patients suffering from
RCES. Using zymograms, immunoblots, and semi-quantitative
RT-PCR, we studied the expression of MMP-9 in control and
RCES eyes. Immunoblots show increased levels of MMP-9
and zymograms and immunoblots show elevated levels of
MMP-9 in RCES and CESCD eyes compared to controls. In
conclusion, we report the novel findings of elevated expression
of MMP-9 and disordered α6β4 integrin in a mouse model of
RCES and CESCD. These observations provide new
therapeutic targets and will permit development of more
effective methods of treating corneal erosions.

Conclusions: Anterior segment dysgenesis shows diverse
clinical features, various severity of corneal opacities and
visual outcome. Clinical diagnosis of each eye may differ
frequently in bilateral cases.
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EFFECT OF CYSTEAMINE ON OXIDATIVE STRESSINDUCED CELL DEATH OF HUMAN CORNEAL
ENDOTHELIAL CELLS
Y.J. Shin1, J.M. Seo2, T.Y. Chung3, J.Y. Hyon4, W.R. Wee4
1

Hallym University Gangnam Sacred Heart Hospital,
Department of Electrical Engineering, Seoul National
University College of Engineering, 3Ophthalmology, Samsung
Medical Center, Sungkyunkwan University School of Medicine,
4
Ophthalmology, Seoul National University College of
Medicine, Seoul, Republic of Korea
2

Purpose: To investigate the protective effect of cysteamine on
oxidative stress-induced cell death of human corneal
endothelial cells.
Methods: Human corneal endothelial cells (HCECs) were
cultured according to previously published methods. With
treatment of 0 mM or 5 mM of tert-butyl hydroperoxide (tBHP)
with various concentrations (0 - 50 mM) of cysteamine,
reactive oxygen species (ROS) producrion was measured
using an oxidation-sensitive fluorescent probe, 2′7′dichlorofluorescin diacetate (DCFH-DA, USA) methods. Cell
viability was assayed by the method of CCK-8 (Cell Counting
Kit-8, Wako). The levels of cellular glutathione were also
assessed enzymatically with glutathione reductase by using a
commercial glutathione assay kit (Cayman Chemical, USA).

P329
CLINICAL FEATURES OF CONGENITAL CORNEAL
OPACITIES ASSOCIATED WITH ANTERIOR SEGMENT
DYSGENESIS
C. Shigeyasu1, Y. Mizuno1, T. Yokoi2, S. Nishina2, N. Azuma2,
M. Yamada1
1

Ophthalmology, National Hospital Organization Tokyo
Medical Center, 2Ophthalmology, National Center for Child
Health and Development, Tokyo, Japan

Results: In vitro studies showed that cysteamine reduced
2′,7′-dihydrodichlorofluorescein oxidation and increased
glutathione. Cysteamine significantly inhibited tBHP-induced
ROS production. Cells treated with cysteamine had higher
viability compared to control at 5 mM tBHP and cysteamine
effectively protected HCEC from ROS-induced cell death
through increasing intracellular glutathione.

Aims: Anterior segment dysgenesis is one of the main causes
of congenital corneal opacities. However, there are few reports
concerning about these abnormalities in a large number of
series. In this study, we investigated the clinical features and
visual outcome of congenital corneal opacities with anterior
segment dysgenesis.

Conclusions: Our data suggest that low concentration of
cysteamine was not toxic and high dose concentration of
cysteamine protect HCEC from oxidative injury-mediated cell
death via inhibition of ROS production although high
concentration of cysteamine is toxic in cells without oxidative
stress.

Methods: The medical records of 220 eyes of 139 patients
with congenital corneal opacities in relation to anterior
segment dysgenesis seen in the National Center for Child
Health and Development of Japan between April 2002 and
October 2009 were studied retrospectively.
Results: 68 patients were males and 71 patients were
females. The age at the first examination ranged from 0
months to 25 years (mean, 1 year and 2 months). The mean
follow-up period was 5 years (range 0 months to 21 years). 81
patients (74%) had bilateral corneal opacities and 58 patients
(26%) had unilateral corneal opacities. The clinical diagnosis
was Peters anomaly in 160 eyes (73%), followed by anterior
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CTGF and FN production in the HCECs was reduced. For the
cell attachment assay, CTGF increased the number of cells
attached in the presence of FN, whereas CTGF alone did not
increase the number of cells attached (p< 0.01). Moreover,
anti-FN antibody completely inhibited CTGF-stimulated cellular
adhesion to FN (p< 0.05). The result of the yeast two-hybrid
system showed that CTGF bound to fibronectin at CT domain.

PEG/AECM SUPPORTS CORNEAL REEPITHELIALIZATION AFTER MECHANICAL
DEBRIDEMENT IN-VIVO
J. Simonis1, L. Foose2, J. Kornfield2, D. Tirrell2, B. Ambati1
1

Ophthalmology, John Moran Eye Center, University of Utah,
Salt Lake City, UT, 2Division of Chemistry and Chemical
Engineering, Joseph J. Jacobs Institute for Molecular
Engineering for Medicine, California Institute of Technology,
Pasadena, CA, USA

Conclusions: CTGF bound to FN may have synergistic
effects in promoting corneal epithelial cell adhesion.
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Purpose: To evaluate the ability of PEG/aECM hydrogel to
support
corneal
re-epithelialization
after
mechanical
debridement of the mouse cornea.

EFFECTS OF BORIC ACID ON THE BARRIER FUNCTION
AND VIABILITY OF HUMAN CORNEAL EPITHELIAL
CELLS

Methods: Twelve 6 week old female Balb/cJ mice were
anesthetized with Ketamine and Xylazine. Both eyes were
debrided by placing a 1.5mm filter paper disk soaked in 80%
ethanol on the central cornea for one minute, followed by
epithelial removal with a Tooke corneal knife. 0.5uL of
PEG/aECM solution, an artificial extracellular matrix protein
cross-linked with end-functionalized PEG, was applied to the
right eye only and the left eye served as a control. Surface
area of epithelial defect was assessed daily post-procedurally
by fluorescein staining and quantified using ImageJ software.
Mice were sacrificed daily for histology to assess for
biocompatibility.

S. Teranishi1, T.-I. Chikama2, K. Kimura3, T. Nishida2
1

Ophthalmology, Toyota Central Hospital, Shimonoseki,
Ophthalmology, 3Ocular Pathophysiology, Yamaguchi
University School of Medicine, Ube, Japan
2

Background and aims: Boric acid is used as a preservative
in eyedrops. The purpose of the study was to investigate the
effects of boric acid on corneal epithelial cells in vitro.
Methods: Simian virus 40-transformed human corneal
epithelial (HCE) cells were cultured for 4 days to allow
establishment of barrier function and were then deprived of
serum for 24 hours before exposure to various concentrations
of boric acid (0.001 to 1%) in serum-free medium for 12 or 24
hours. Barrier function was evaluated by measurement of
transepithelial electrical resistance (TER). The localization of
the tight-junction proteins ZO-1 and occludin was examined by
immunofluorescence microscopy, and the overall abundance
of these proteins was determined by immunoblot analysis.
Cytotoxicity was assessed by measurement of lactate
dehydrogenase activity released into the culture medium.

Results: Eyes treated post-debridement with PEG/aECM
showed comparable re-epithelialization to untreated eyes at
similar time points. No corneal toxicity was observed. Similar
levels of inflammation were observed between control and
treatment eyes.
Conclusions: PEG/aECM supports rates of epithelialization
similar to the corneal stroma and shows clinical relevance for
treating chronic epithelial defects and neurotrophic
keratopathy.

Results: Boric acid increased the TER of HCE cells in a
concentration-dependent manner, with this effect being
apparent at both 12 and 24 hours and maximal at a
concentration of 0.1%. Higher concentrations (0.5 or 1%) of
boric acid, however, induced a decrease in TER. Exposure of
cells to boric acid at concentrations of 0.1% or lower for 24
hours did not affect the localization of ZO-1 or occludin at cellcell borders, whereas the localization of these tight-junction
proteins was disrupted in cells treated with boric acid at
concentrations of 0.5% or higher. Boric acid also induced the
downregulation of the protein expression of ZO-1 and occludin
at concentrations of 0.5% or higher. The presence of boric
acid resulted in a gradual decrease in the pH of culture
medium in a concentration-dependent manner. Boric acid did
not appear to be cytotoxic at concentrations of 0.1% or lower,
but cytotoxicity was evident at concentrations of 0.5% or
higher.
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ROLE OF CONNECTIVE TISSUE GROWTH FACTOR
(CTGF) IN CORNEAL EPITHELIAL MIGRATION
K. Sugioka1, A. Kodama1, H. Mishima2, K. Yoshida3, M.
Itahashi1, K. Abe1, Y. Shimomura1
1

Ophthalmology, Kinki University School of Medicine, Osakasayama, 2Ophthalmology, Kinki University School of Medicine
Nara Hospital, Ikoma, 3Biochemistry, Kinki University School of
Medicine, Osaka-sayama, Japan
Background and aims: Connective tissue growth factor
(CTGF) is one of the downstream mediators of transforming
growth factor-beta (TGF- beta) which acts to maintain tissue
fibrosis. In this study, we investigate the interaction between
CTGF and fibronectin (FN) in corneal epithelial cell
attachment.

Conclusions: In spite of its effect on the pH of culture
medium, boric acid at concentrations of 0.1% or lower did not
disrupt the barrier function of HCE cells and was not cytotoxic.
However, at concentrations of 0.5 or 1%, boric acid impaired
the barrier function of these cells and was cytotoxic. Therefore,
the results of this study suggests that eyedrops on the market
containing boric acid with the concentrations of 0.1% or lower,
has no affection to barrier function and no cytotoxic effect in
corneal epithelial cells in vivo.

Methods: CTGF-specific short hairpin RNA (shRNA) was
synthesized and transfected into human corneal epithelial cells
(HCECs). The transfected cells were evaluated by western
blot analysis to examine CTGF and FN production. For the cell
attachment assay, HCECs were incubated with CTGF, FN, or
CTGF+FN. HCECs were also incubated with or without CTGF
in FN-coated wells or bovine serum albumin (BSA)-coated
wells. After 45 minutes, the number of cells attached to the
wells was counted. Finally, the yeast two-hybrid system was
used to identify the specific protein regions of CTGF that
interacts with FN.
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ENVIRONMENTAL HUMIDITY AND TEAR EVAPORATION:
EFFICACY OF AN EMULSION EYE DROP

Results: At 48 hours after CTGF-specific shRNA transfection,

A. Tomlinson1, L. McCann1, P. Simmons2
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Background and aims: Environmental conditions can induce
dry eye in otherwise asymptomatic individuals by providing a
significant stress to tear physiology. Exposure to such
conditions reveals susceptibility to environmental DE and the
efficacy of a therapeutic intervention.

EFFECTS OF TOPICALLY APPLIED ANTIALLERGY
COMPOUNDS IN A GUINEA PIG MODEL OF PASSIVE
CONJUNCTIVAL ANAPHYLAXIS

Methods: The effect of environmental conditions on the
primary variable, tear film evaporation rate (TFE), for 10
normal and 10 dry eye (DE) subjects was assessed in
conditions of 72°F and relative humidity (RH) of 5%, 40% and
70% in an environmental chamber, after adaptation1. TFE
were measured by the Servo-Med EP-Evaporimeter. The
effect of chronic instillation of an emulsion-based eye-drop
(Refresh UltraÒ, Allergan Inc., Markham, Ontario, Canada)
was also determined at baseline and at 1-week post therapy
(QDS daily for 7 days).

Alcon Research, Ltd, Fort Worth, TX, USA

M.J. Tort, C. Beauregard, D. Stephens, D.A. Gamache, J.
Yanni

Background: The goal of this study was to assess the effects
of mechanistically diverse antiallergy agents on the immediate
hypersensitivity and late phase allergic inflammatory
responses in a pharmacologically validated guinea pig model
of allergic conjunctivitis .1,2 Three categories of antiallergy
drugs were evaluated vs. placebo: anti-inflammatory
(corticosteroid dexamethasone, 0.1%, BID), antihistamine
(emedastine bifumarate, 0.05%, BID) and leukotriene inhibitor
(acitazanolast, 0.1%, QID).

Results: Greater TFE was found in DE subjects than normals
(because of the evaporative DE component to most
aetiologies). This was the case at 5 and 40% humidity but not
at 70%, because of the absence of effective 'driving force' for
evaporation at this level. The use of an emulsion eye drops
produced a significant benefit in reduced TFE in normal
patients' at 5% humidity, but not at 40% or 70%. In dry eye the
benefit of therapy was seen in 5% and 40% RH environments,
but not at 70%. (Fig. 1).

Methods: Antiserum was generated in male Hartley VAF
outbred guinea pigs actively sensitized to ovalbumin. The
animals were passively sensitized to ovalbumin by unilateral
subconjunctival injection of undiluted guinea pig serum
containing
anti-ovalbumin
antibody.
The
treatments
(dexamethasone, emedastine, acitazanolast) and placebo
were administered to groups of 6 animals each. Placebo was
administered to sensitized and nonsensitized animals.
Treatment was administered unilaterally as topical drops 60
minutes before topical antigen challenge in all groups, 8 hours
postchallenge in BID groups, and 3, 6 and 9 hours
postchallenge in QID groups. One day after passive
sensitization, animals were topically challenged with
ovalbumin. Acute phase clinical signs of conjunctivitis were
scored by a masked observer 30 minutes after challenge using
a 0 to 10 grading scale. Late phase reactions were assessed
24 hours after antigen challenge by quantification of
conjunctival eosinophil influx as shown by eosinophil
peroxidase concentration (EPO) in conjunctival tissue
homogenates.
Results: In the acute phase, emedastine bifumarate
demonstrated significant inhibition of the acute phase allergic
reaction (overall score 1.33, ±SEM 0.49) compared with
placebo (6.67, ±SEM 0.33) (p< 0.01). Dexamethasone (5.50,
±SEM 0.85) and acitazanolast (7.17, ±SEM 0.79) scores were
not significantly different from placebo. In the late allergic
inflammatory phase, only dexamethasone group had
significantly lower mean EPO (1279.7, ±SEM 116.4 ng/mg)
than placebo (3330.3 ±SEM 276.8) (p< 0.01), while
emedastine (2812.5, ±SEM 417.0) and acitazanolast (2695.9
±SEM 331.7) were not significantly different from placebo.
Conclusions: Emedastine bifumarate, 0.05% BID inhibited
the immediate hypersensitivity response confirming that the
acute allergic reaction in this species is primarily mediated by
histamine. Emedastine had no effect in the allergic
inflammation phase while dexamethasone, 0.1% BID
significantly inhibited late phase eosinophilic allergic
inflammation. Acitazanolast, 0.1% QID, was not significantly
effective in either phase indicating that leukotrienes are not
critical mediators of allergic conjunctivitis. In the same model,
olopatadine 0.2% QD statistically inhibited the acute allergic
reaction.

[Figure 1: Box plot showing changes in TFE ]

Conclusion: TFE has a reverse correlation with
environmental humidity in the range of low to mid RH. The
effect of the eye drops was significant at 5% RH in both
normal and dry eye patients and in ambient conditions (40%
RH) for dry eye patients.
Reference: 1. Tomlinson A, McCann LC, Simmons PA. Effect
of Humidity on Human Tear Film Evaporation within a
Controlled Environment Chamber. Association for Research in
Vision and Ophthalmology (ARVO) - Fort Lauderdale, USA,
April 2010

References:
1

Beauregard, C. et al. 2007. J Ocul Pharmacol Ther
23(4):315-20;
2

Beauregard, C. et al. 2010. Poster presented at AAAAI, New
Orleans, LA.
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showed that BCVA improved at least one or more line in 65%
(26/40) of eyes, remained stable in 25% (10/40) whereas 10%
(4/40) had decreased vision by one or more lines.
Preoperatively the mean maximum keratometry` was
58.49±3.71 diopters (D) which at the end of 12 months,
decreased by a mean of 2.01D in 67.5% (27/40) of eyes,
remained stable in 17.5% (7/40) and increased in 15% (6/40)
of eyes. Post operatively the corneal thickness was decreased
in 70% (28/40) of eyes, increased in 25% (10/40) of eyes and
5% (2/40) had stable values. The clinical findings including
corneal haze was noted in 6 and demarcation lines were the
feature of 10 eyes at 12 months. Spherical equivalent
refraction showed a reduction of about 1.73D in 60% (24/40)
of eyes and remained stable in 15% (6/40) whereas (10/40)
25% of eyes had increased values. Statistical analysis of all
the parameters showed significant association with the
progression of the disease(for UAVA and BCVA: p= 0.000, for
topography, refraction and pachymetry; p< 0.001).

PTERYGIUM SURGERY LONG TERM FOLLOW-UP
T. Wood1, E. Williams2, B. Williams3
1

University of Tennessee Medical Center, Memphis, TN,
Research Assistant, 3Georgia State University, Atlanta, GA,
USA
2

Purpose: To determine if a pterygium surgical procedure
consisting of minimal conjunctival removal, excision of the
hypertrophic subconjunctival fibrovascular tissue, application
of mitomycin 0.25 mg/ml for 1 minute combined with
temporary
nasal
tarsorrhaphy,
and
postoperative
dexamethasone/antibiotic drops achieved the following: safely
simplified pterygium removal, controlled the early side effects
of mitomycin, reduced the rate of recurrence, and eliminated
the need for conjunctival transplantation.

Conclusion: Preliminary results of this study show a
stabilization and improvement in keratoconus after Collagen
Cross-Linking in Pakistani eyes. This suggests that it is an
effective treatment for progressive keratoconus.

Methods: Twenty eyes of 19 patients underwent the
procedure with mitomycin; fifteen were primary and 5,
recurrent. These were compared to a previous group of 28
eyes in 26 patients that underwent pterygium/tarsorrhaphy
surgery without mitomycin; twenty had primary and 8 had
recurrent pterygia. Postoperatively, all eyes in both groups
were treated with dexamethasone/antibiotic drops.
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Results: In the mitomycin group (average follow-up 25
months), 19 of 20 eyes healed uneventfully. At 12 months,
there had been no recurrences. In the non-mitomycin group
(average follow-up 43 months), 9 (32%) recurred within 12
months; four (44%) of these required a second procedure at
an average of 9 months. At 23 and 33 months, 2 (10%) eyes
treated with mitomycin presented with asymptomatic, one mm
recurrences that required no additional treatment. Conjunctival
healing, as reflected in the time from surgery until tarsorrhaphy
opening, was significantly longer in the mitomycin group, 37
vs. 17 days (P = .001).

A STUDY OF LISCH NODULES (LN) AND OPTIC GLIOMA
(OG) OF NEUROFIBROMATOSIS TYPE 1 PATIENTS IN
JAPAN
T. Agata
Jikei Univ., Minato-ku, Japan
Background and aims: Neurofibromatosis 1 (NF1) is
characterized by multiple café au lait spots, axillary and
inguinal freckling, multiple discrete cutaneous neurofibromas,
and iris Lisch nodules(LN). Learning disabilities are present in
at least 50% of individuals with NF1. Pigmented bumps on the
eye´s iris (LN) and optic glioma (OG) are important symptoms
of NF1. The purpose of this study is to make clear the
association between those and other clinico-epidemiological
factors for NF1 in Japan.

Conclusion: The described technique provided a safe and
successful approach to pterygium management.
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Methods: We surveyed patients of NF1 in Japan in
cooperation with Ministry of Health Labor & Welfare, Japan to
investigate LN, OG and other clinico-epidemiological
information of NF1 from 1998 to 2009. We had 713 patients
and analyzed the patients who had clear information for LN
and/or OG of NF1.

HOPE IN STABILIZING PROGRESSIVE KERATOCONUS
S. Yousaf1, W. Ali Khan1, F. Akhtar2
1

Cornea Clinic, 2Glaucoma, Al-Shifa Trust Eye Hospital,
Rawalpindi, Pakistan

Results: We had 319 males(44.7%) and 394 females(55.3%)
of NF1. 71 males(23.8%) and 97 females(25.5%) had LN and
16 males(5.4%) and 12 females(3.2%) had OG of NF1
patients. Ages of onset were 8.7±14.5 years for patients with
LN and 11.7±15.3 years for those without LN(p=0.0769). Ages
at first visit were 28.9±21.9 years for those and 32.9±22.0
years for these(p=0.0536). Ages at survey were 36.3±20.5
years for those and 39.4±20.5 years for these(p=0.0931). For
OG, ages at onset, at first visit and at survey were 8.2±16.9
years,
11.3±15.5
(p=0.4137),
16.8±18.8,
32.6±21.9
(p=0.0004), 23.1±18.9 and 39.3±20.3 (p< 0.0001) respectively.
For age distributions 60.6% of patients were age 0-9 years old,
and 15.7% were age 10-19, and 13.0% were ages 20-29
respectively.

Purpose: To assess the efficacy of Cornea Collagen Cross
Linking with riboflavin and ultraviolet A light in progressive
Keratoconus.
Materials and Methods: This is a prospective interventional
case series involving eyes with documented evidence of
progressive Keratoconus from March 2008 to September
2009. Pre-operatively visual acuity (VA), refraction, corneal
topography and pachymetry were carried out in all patients.
Standard protocol for cross linking was followed with epithelial
debridement. Follow-up was done on 1st and 3rd day, 1 week,
1, 3, 6, 9, 12 and 18 months. Descriptive statistics and
repeated measure analysis of variance (ANOVA) was
computed by using SPSS version 16.

For the percentage of clinic-epidemiological factors, family
history, yes was 48.2%, no was 36.7% and un-known was
15.1%. For treatment status, mainly outpatient was 75.3% and
out-in patient was10.%.

Results: A total of 114 cross linking procedures were
performed. Forty eyes of as many patients completed one year
follow-up. The pre-operative values on the day of treatment
were compared with post-operative values at sixth and twelfth
months of follow-up examination. Preoperatively, the unaided
(UAVA) and Best corrected visual acuity (BCVA, spectacles/
contact lenses) were measured and grouped in three
categories i.e. ≤6/60,6/36-6/18 and 6/12-6/9. Our study

The patients with LN and/or OG had some other clinical
symptoms more frequently than those without these (For
instance presence of neurofibromas on the skin (café au lait
spot, minor Recklinghauzen spot, pigment, neurofibromas,
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Background and aims: Undetected eye diseases and visual
loss are significant problems in the United States. Since many
common conditions causing visual impairment are amenable
to treatment, vision screenings are important in identifying
those at risk. For screening programs to be successful, referral
to and follow-up for appropriate eye care are essential.
However, routine eye evaluation is underutilized in
underserved and underinsured populations. This study
investigated the effectiveness of a medical student-organized
community vision screening program in Rhode Island.

diffuse plexiform neurofibromas. malignant schwannoma),
central nervous system symptom (convulsion, intelligence
decline, abnormal brain waves, brain spinal-cord tumor) and
orthopedic
symptoms(leg
bone
transformation,
leg
pseudoarthrosis, deformity of spine (Non-dystrophic type,
Dystrophic type), spinal cord tumor and nerve symptom.
Conclusions: Ages at first visit, onset, survey of the patients
with LN of NF1 were nearly equal to ages of those without
these. The patients with LN and/or OG had more clinical
symptoms of NF1 than those without these.

Methods: Free community vision screenings performed by
medical and college students were held at a free medical clinic
twice monthly from January 2008 to January 2009. All
students received training by an ophthalmologist to perform
vision screenings and were given detailed instructions about
the study protocol. Screenings consisted of a brief risk factor
questionnaire, distance and near visual acuity, and Amsler
Grid, extraocular muscle and visual field testing. Individuals
who met criteria were referred to an ophthalmology clinic for
further testing. A telephone interview was performed to inquire
about follow-up rates or reasons for not keeping the referral
appointment. The primary outcome measure was the follow-up
rates of those participants identified to be at risk for eye
disease and vision loss.
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MORPHOLOGICAL CHANGES OF THE EYELID
ACCORDING TO AGE IN KOREAN
H.B. Ahn, H.R. Seo, H.C. Oh
Ophthalmology, Dong-A University Hospital, Busan, Republic
of Korea
Purpose: The morphological changes of the eyelids according
to age among different age groups in Korea were analyzed.
Methods: Six-hundred adults without any ocular disease were
selected, and sorted by age (ranging from 20 to 79 years), and
gender. Each group consisted of 50 adults. Interpalpebral
fissure (IPF), marginal reflex distance 1 (MRD1), amount of
the upper lid, degree of browptosis, lateral hood width of the
eyelid, and protrusion of the eyelid fat were measured. The
measured values were analyzed to determine changes related
to the aging process. Other age groups were analyzed and
compared with the subjects between 20 and 30 years old,
using the Student's t-test with SPSS.

Results: A total of 111 persons were screened; mean age
was 47.2 years; 56% were female; 58%, 24% and 7% were
Hispanic, White and Black, respectively. Eighty study subjects
(72%) met referral criteria. Of those referred, 31 completed
follow-up appointments, 25 did not complete follow-up
appointments and 24 were not reachable for inquiry about their
follow-up status. Of those persons whom we were able to
contact and inquire about their status, our follow-up rate was
31 of 56 (55%). Of those persons who did not complete their
follow-up appointments, barriers cited were: no appointment
given (28%), cost (28%), no convenient appointment times
(20%), personal reasons (16%), difficulty in filling out forms
(4%) and transportation (4%).

Results: MRD 1 and IPF slightly decreased with age, but
there was no statistical significance. The upper lid amount
showed a statistically significant increase at the 7th and 8th
decade. The degree of browptosis showed a statistically
significant increase from the 7th decade of age in men, and
from the 6th decade in women. In particular, the lateral
browptosis was more drooped than the center browptosis. The
lateral hood width of the eyelid showed a statistically
significant increase from the 7th decade of age in men, and
from the 6th decade in women. Eyelid fat was most protruded
at the central lower part, but there was no statistical
significance.

Conclusions: Since many causes of vision loss are amenable
to some form of treatment, screenings are an important tool in
identifying those at risk. However, screening initiatives are only
successful if referred persons are able to obtain the
appropriate eye care. Our student-organized vision screening
initiative found that greater than 50% of persons referred for
further ophthalmic care kept their follow-up appointments. This
study suggests that the success of community vision
screenings can be improved by addressing problems with
appointments and costs.

Conclusion: It is important to understand the change related
to aging in the study of eyelid morphology and eyelid
operation. The results from present study may be used to
determine standard for the safe amount of skin resection in
Korean eyelid operations.
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EPIBLEPHARON RELATED TO HIGH BODY MASS INDEX
IN KOREAN CHILDREN
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H.B. Ahn, H.C. Oh, J.W. Seo, H.R. Seo

EFFECTIVENESS OF A MEDICAL STUDENT-ORGANIZED
COMMUNITY VISION SCREENING INITIATIVE

Ophthalmology, Dong-A University Hospital, Busan, Republic
of Korea

N. Cheung1, P. Greenberg2,3,4, K. Anderson5, E. Feller6

Purpose: To evaluate the clinical manifestations of
epiblepharon in Korean children and the relationship between
this condition and body mass index.

1

2

Warren Alpert Medical School of Brown University, Clinical
Associate Professor of Surgery (Ophthalmology), Warren
Alpert Medical School of Brown University, 3Chief of
Ophthalmology, Providence Veterans Affairs Medical Center,
4
Divison of Ophthalmology (Retinal Service), Rhode Island
Hospital, Providence, RI, 5Assistant Professor of
Ophthalmology, University of Texas Health Science Center,
San Antonio, TX, 6Clinical Professor of Medicine and Adjunct
Professor of Community Health, Warren Alpert Medical School
of Brown University, Providence, RI, USA

Methods: In a retrospective case-control study, 223 children 6
to 15 years of age treated surgically for epiblepharon were
studied and compared to an age matched control group of 264
children. Data on age, sex, weight, height, and recurrence
were recorded.
Results: Mean age of the patients was 8.63±4.43 years. A
total of 223 children with epiblepharon (115 males and 108
females) and 264 children as contol(138 males and 126
females) were enrolled. Lower eyelids were commonly
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involved bilaterally. Chief complaints included ocular
discomfort, eye rubbing, visual disturbances, photophobia, and
epiphora. Minimal resection of orbicularis oculi with full
thickness eyelid rotatory suture for epiblepharon was
performed on 223 patients. The body mass index(BMI) in
female children 12 to 15 years old with epiblepharon was
significantly higher than that in children without
epiblepharon(P< 0.05). In female children group, there was a
statistically significant correlation between the incidence of
epiblepharon and obesity with aging(P< 0.05). Reoperation
was performed on 12 patients(4.4%) because of recurrence of
corneal irritation with inverted eyelashes. Clinical factors such
as sex, age, body mass index did not have an effect on the
rate of recurrence.

to better evaluate the prevalence of simple and complex
hallucinations related to visual or auditory loss and to better
address concerns of patients experiencing such phenomena.
Subsequent testing on the target populations will further
validate the questionnaire.
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PREVALENCE AND RISK FACTORS FOR DIABETIC
RETINOPATHY--THE BEIJING URBAN COMMUNITIES
STUDY
J. Xu1, W.B. Wei1, L. Xu1, J.B. Jonas2
1

Tongren Eye Center/Beijing Tongren Hospital, Beijing, China,
Ruprecht-Karls-University of Heidelberg, Heidelberg,
Germany

Conclusions: Epiblepharon is one of the most common eyelid
abnormalities among Asian children and we already know that
has racial predilection. Obese Korean girls aged 12 to 15
years demonstrated symptomatic epibleharon at a statistically
significant level.

2

Background and aims: As a leading cause of blindness in
working-aged people, diabetic retinopathy (DR) is a serious
threat to quality of life for millions worldwide.Reports on risk
factors for DR are mostly derived from studies in Western
populations and there is a paucity of data from the Chinese
urban.
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DEVELOPMENT OF A QUESTIONNAIRE SCREENING FOR
VISUAL LOSS RELATED HALLUCINATIONS

The purpose of this study examines the risk factors for DR in
Beijing urban communities in a Type 2 diabetic population.

M.-C. Wanet-Defalque

Methods: Cluster sampling was used to identify individuals
28-87 years in Beijing urban communities.diabetes mellitus
was defined as WHO criteria,retinal photographs taken from
both eyes were graded for diabetic retinopathy using the
modified Airlie House classificiation system.

Optometry, Université de Montréal, INLB, Longueuil, QC,
Canada
Background: A clinical condition called Charles Bonnet
syndrome has been characterized by visual hallucinations
associated to visual impairment in the absence of mental
disorders. Some recent studies have shown a high prevalence
of complex hallucinations in people with visual loss, with rates
ranging from 15 to 30%, according to the studies. Similarly,
deaf people can also experience auditory hallucinations but
studies documenting prevalence as well as characteristics of
this condition are scarce. In deaf -blind people, visual as well
as auditory hallucinations have been anecdotally reported.
Due to the stigma associated to hallucinations, the number of
people diagnosed with the condition is generally
underestimated.

Results: Of the 2309 persons who participated in this study,
2007 (86.9%) had diabetes and gradable retinal
photographs.The overall prevalence of DR in the population
was 24.7% (95% confidence intervalCI:22.8-26.6). the
prevalence of DR did not show any linear trend with sex. In
addition, there was no linear trend in the prevalence of DR
with increase in the age at onset, but age was a significant risk
factor
for
DR
(p=0.000).
in
multiple
logistic
regression,independent risk factors for any retinopathy were
younger age (OR:0.975), longer duration of diabetes
(OR:1.090), higher glycated haemoglobin (OR:1.255), persent
microalbuminuria(OR:1.551), lower body mass index
(OR:0.945). in multiple logistic regression, if using
microalbuminuria as a dependent variables,microalbuminuria
was significantly associatesd with older age (OR:1.019),
higher glycated haemoglobin(OR:1.138), higher systolic BP
(OR:1.021), higher triglycerides (OR:1.164), higher Creatinine
(OR:1.005), gender (OR:0.767), diabetic retinopathy
(OR:1.502). in our study most of the patients with
microalbuminuria were female (p=0.004), and no consistent
pattern of association was found between longer diabetes
duration and microalbuminuria. In multiple regression analysis
Using microalbuminuria as the dependent variable, longer
diabetes duration was not independent variables which were
significant.and systolic blood pressure was a significant
association factor in multiple regression analysis(p=0.000).
The reported findings may prompt of the independent
association of systolic blood pressure with incipient diabetic
nephropathy,

The purpose of this study is to develop a questionnaire that
will screen for hallucinatory episodes among clients with
sensory loss, while making a distinction between simple and
complex hallucinations.
Methods: In order to develop an instrument with good internal
validity, topics to be included in the questionnaire were first
identified using content analysis on a literature review and
from comments obtained with a focus group involving 6
clinicians from different disciplines, working with clients
presenting visual and auditory impairment. Subsequently,
interviews were recorded with 14 clients reporting
hallucinations related to their sensory impairment: 10 subjects
had a visual impairment (5 among them were deaf-blind) and 4
subjects had hearing loss. The tape-recorded interviews were
processed and analysed using a qualitative content analysis.
Finally, questionnaire items were generated, using the
verbatim content.
Results: Six main topics and more than 40 subtopics emerged
from the interviews analysis. The content of hallucinations and
the circumstances of apparition, as well as the related feelings
(such as fear or anxiety or preoccupation about one's mental
health) were the most prolific areas described. Fifty questions
were selected for the questionnaire which is organized in 3
subscales: 1 subscale relates to the hallucinations screening,
1 subscale to the psychosocial impact and 1 subscale to the
hallucinations characteristics.

In our study, HbA1c was higher in patients with
PDR(mean=7.8627%)
than
in
patients
with
NPDR(mean=7.1574%), and this difference was statistically
significant (P = 0.000).patients with microalbuminuria were 4.7
times more likely to suffer from a severe and proliferating
diabetic retinopathy than those without microalbuminuria.
Conclusions: Risk factors for retinopathy in this population
are largely similar to white populations elsewhere. The
importance of blood pressure control is therefore re-

Conclusions: Availability of a screening instrument could help
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emphasised and
microalbuminuria.

when

encountering

patients

with

ocular conditions found in our sample can be treated quite
easily. These data indicate that eye care professionals should
work more closely with the medical team to improve the overall
clinical care of elderly individuals with a history of falls.
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SPECTRUM AND FREQUENCY OF RHO MUTATIONS IN
267 CHINESE FAMILIES WITH RETINITIS PIGMENTOSA
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Q.-J. Zhang, S. Li, X. Xiao, X. Jia, P. Wang, X. Guo
State Key Laboratory of Ophthalmology, Zhongshan
Ophthalmic Center, Sun Yat-sen University, Guangzhou,
China

PARAMETERS MODULATING THE ADSORPTION OF
NEUROCALCIN DELTA ONTO PHOSPHOLIPID
MONOLAYERS

Mutation in the rhodopsin gene (RHO) is suggested to be the
most common cause of autosomal dominant retinitis
pigmentosa (adRP). However, the exact spectrum and
frequency of RHO mutations in different forms of RP has not
been well defined, especially in Chinese. Here in this study,
direct cycle sequencing were used to analyze all 5 coding
exons and adjacent intronic regions of RHO in 267 Chinese
probands with different forms of RP. We detected 6 mutations
(three novel and three known) in 13 probands. One novel
p.Ala299Ser mutation presents in 6 of the 267 probands with
RP but only in 1 of 384 normal controls. Pedigree analysis of
the 6 probands with the novel mutation revealed either an
autosomal recessive form of RP or singleton cases,
suggesting a role of common recessive allele. Our results
demonstrated the spectrum and frequency of RHO mutations
in unselected RP of Chinese population.

N. Belley, C. Salesse
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Methods: The NCd gene was amplified by RT-PCR using
RNA purified from human retina and cloned into the
expression vector pET11a. NCd was then overexpressed in
the presence or absence of N-myristoyl transferase, the
enzyme responsible for its N-terminal acylation. NCd was then
purified by hyrophobic chromatography. The identity of the
purified protein was confirmed by mass spectroscopy. The
myristoylation level of NCd was determined by reversed phase
high pressure liquid chromatography. Furthermore, membrane
binding properties of NCd were studied using lipid monolayers,
a model membrane system, which allows to measure the
magnitude of the surface pressure increase upon protein
binding when injected underneath lipid monolayers. The
kinetics of adsorption and the determination of the maximum
insertion pressure allowed to compare binding of NCd onto
different phospholipids in various experimental conditions. A
maximum insertion pressure higher than the membrane lateral
pressure will indicate NCd membrane insertion.

Université Laval, Québec, QC, Canada
Background and aims: Neurocalcin delta (NCd) is a member
of a small protein family of neuronal calcium sensors. These
proteins are exclusively expressed in the central and
peripheral nervous systems. In the retina, NCd is expressed
by ganglion and amacrine cells. NCd is composed of 4 EFhand motifs but only 3 of these motifs are able to bind calcium.
The binding of calcium by NCd induces a conformation change
which leads to the extrusion of its N-terminal myristoyl group
as well as some hydrophilic residues. This mechanism
(calcium-myristoyl switch) is presumably involved in
membrane binding. The parameters responsible for the
interaction of NCd with membranes are only partially known.
Thus, the purpose of this study was to gain more information
on the membrane binding behaviour of NCd.

OCULAR PATHOLOGY IN FRAIL ELDERLY INDIVIDUALS
HOSPITALIZED FOLLOWING A FALL
T. Boutin1,2, M.-J. Kergoat1,3, J. Latour1,3,4, F. Massoud1,3,5, H.
Kergoat2,3
1

Médecine, 2Optométrie, Université de Montréal, 3Institut
Universitaire de Gériatrie de Montréal, 4Hôpital St-Luc, 5Hôpital
Notre-Dame, Centre Hospitalier Universitaire de Montréal,
Montréal, QC, Canada
Background and aims: Falls are very frequent in frail elderly
individuals. They may have dramatic consequences including
increased mortality, morbidity and early institutionalization.
The management of falls in short-term geriatric assessment
units (GAU) is interdisciplinary in nature and should include an
evaluation of vision. Our objective here was to verify what
were the most prevalent ocular pathologies found in elderly
individuals admitted in a GAU following a fall.

Results and conclusions: A large increase of the kinetics of
adsorption of non-myristoylated-NCd (Non-Myr-NCd) onto
phospholipid monolayers was observed in the presence of
calcium, thereby suggesting that its conformational change
exposes amino acids which promote membrane binding. A
maximum insertion pressure of Non-Myr-NCd higher than the
membrane lateral pressure has only been observed for
negatively charged phospholipids. These data suggest that
electrostatic interactions are involved in the membrane binding
of NCd presumably by means of a cluster of basic amino acids
located at its N-terminal. The phospholipid physical state also
influences the monolayer binding of NCd. The contribution of
the myristoly moiety of NCd to its membrane binding will also
be presented.

Methods: The clinical charts of 80 elderly individuals (Mean ±
SD: 82.3 ± 6.2 yrs) hospitalized in university based GAUs after
a fall as well as 80 age- and sex-matched (81.4 ± 6.5 yrs)
controls hospitalized within the same period of time but without
a history of falls were reviewed. All pertinent data were
extracted from the clinical charts and entered in FileMaker Pro
and Excel softwares for analysis.
Results: Most falls were non-accidental (n= 74) and were of
multifactorial origin (n= 64). The medical history indicated that
the cases were more likely to have cataracts (n= 19 vs 6; p=
0.004), age-related macular degeneration (n= 8 vs 2; p=
0.048) and decreased visual acuity (n= 26 vs 14; p= 0.025).
The cases were referred for an eye examination more often
than controls (n= 29 vs 14; p= 0.004).
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Conclusions: Our results indicate that even though patients
with a history of falls are referred more often than controls for
an eye examination, their vision is not evaluated systematically
despite the recommendations of the American and British
Geriatric Societies. Importantly, some of the more prevalent

CHARACTERIZATION OF A TRUNCATED FORM OF
LECITHIN RETINOL ACYLTRANSFERASE AND ITS NAND C-TERMINAL PEPTIDES
S. Bussières1, L. Cantin1, R. Breton2, B. Desbat3, C. Salesse1
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Ophtalmology, 2Endocrinologie Moléculaire, Université Laval,
Québec, QC, Canada, 3CBMN, IECB, Bordeaux, France

is acylated with a farnesyl and a geranylgeranyl and is thus
membrane bound. It was found to be located, at least in part,
to detergent-resistant membrane microdomains. These
microdomains, also called rafts, have been shown to contain a
large amount of phospholipids with saturated fatty acyl chains
as well as cholesterol. However, the preferential binding of
PDE to saturated phospholipids has not yet been shown. The
objectives of this research work were thus to characterize the
membrane binding properties of PDE using Langmuir
monolayers.

Background and aims: Lecithin retinol acyltransferase
(LRAT) is a 230 amino acids membrane-associated protein. It
has two enzymatic activities: first, it catalyzes hydrolysis of the
sn-1 acyl chain of phospholipids and then transfers this acyl
group to all-trans retinol to generate all-trans retinyl esters.
This reaction is essential in the vertebrate visual cycle. The
present study was performed to investigate the enzymatic
activity, the secondary structure and the membrane binding
properties of a truncated form of LRAT (tLRAT), where its
transmembrane domains have been removed. tLRAT extends
from residues 31 to 196. It has previously been shown that the
deleted domains of tLRAT do not contain residues known to
be required for catalysis. The mutant S175R responsible for
retinis pigmentosa has also been studied. Moreover, the
peptides corresponding to the two N- and C-terminal
hydrophobic part of LRAT have been synthesized to study
their membrane interaction.

Methods: The Pαβγγ was isolated and purified from bovine
rod outer segments (ROS). PDE was injected into the
subphase underneath phospholipid monolayers bearing
different fatty acyl chains (length and unsaturation) and polar
headgroups such as those present in ROS. PDE binding was
monitored by surface pressure measurements.
Results and conclusions: The injection of PDE underneath
phospholipid monolayers led to an increase in surface
pressure which indicates its membrane binding. The surface
pressure data demonstrated that the adsorption kinetics of
PDE is dependent on the type of phospholipid fatty acyl chain
(length and unsaturation) and headgroup. Indeed, the kinetics
of PDE monolayer binding is much faster in the presence of
phospholipids bearing saturated fatty acyl chains compared to
polyunsaturated phospholipids where a lag phase is observed.
Moreover, on the basis of the measurements of the maximum
insertion pressure, PDE shows a preferential binding onto
saturated phospholipid monolayers. These data are consistent
with the possible localization of PDE to lipid rafts of ROS
membranes.

Methods: tLRAT and S175R mutants have been
overexpressed in E. coli and purified using affinity
chromatography. The enzymatic activity of both mutants was
studied using diheptanoyl phosphatidylcholine (DHPC), and
their secondary structure was compared by performing circular
dichroism measurements. Furthermore, the membrane binding
properties of tLRAT were studied using lipid monolayers, a
model membrane system. The secondary structure and
orientation of the peptides corresponding to the N- and Cterminal hydrophobic part of LRAT have been studied by
infrared spectroscopy (PM-IRRAS).
Results: The maximal enzymatic activity of tLRAT is ~2300
mol of retinyl ester/min · mol of protein. This value is more
than 50 000 times higher than the largest enzyme activity
reported for tLRAT. The mutation S175R vanishes the
enzymatic function of tLRAT, which is consistent with
previously published data. However, circular dichroism
measurements show that tLRAT and the S175R mutants have
the same major alpha helical composition, which suggests that
the S175R mutation does not significantly modify the protein
secondary structure. Monolayers studies allowed to determine
that tLRAT is able to strongly bind lipids up to surface
pressures higher than those estimated for the lateral pressure
of membranes. Finally, the PM-IRRAS data suggest that the
N- and C-terminal LRAT peptides are also highly surface
active and have an alpha helical secondary structure.
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PARAMETERS MODULATING THE ADSORPTION OF
RECOVERIN ONTO PHOSPHOLIPID MONOLAYERS
P. Calvez, C. Salesse
Unité de Recherche en Ophtalmologie, Centre de Recherche
du CHUL, Quebec, QC, Canada
Background and aims: Recoverin (REC) is a N-myristoylated
protein which comprises two functional EF-Hand motifs. It is
involved in the phototransduction cascade in photoreceptors.
Calcium binding to its EF-Hand motifs modulates its activity by
means of the calcium myristoyl switch. Indeed, in absence of
calcium, the N-myristoyl becomes buried inside REC which
leads to its membrane dissociation. In contrast, in presence of
calcium, the extrusion of its N-myristoyl allows REC to
undergo membrane binding and, consequently, to inhibit
rhodopsin kinase activity. Furthermore, REC is able to bind
different divalent cations. Moreover, the high level of
unsaturated phospholipids in photoreceptor membranes could
also modulate its membrane binding. The aim of this study
was thus to analyze parameters modulating the membrane
binding of REC.

Conclusions: tLRAT has a very high enzymatic activity and
strongly binds to membranes in the absence of its N- and Cterminal hydrophobic peptides. Our data also suggest that
these peptides contribute to the membrane binding of LRAT.
P348
PREFERENTIAL BINDING OF CGMP
PHOSPHODIESTERASE TO SATURATED PHOSPHOLIPID
MONOLAYERS

Methods: Phospholipid monolayers have been used as a
model membrane system where REC is injected underneath
lipid monolayers and its binding is followed by surface
pressure measurements. The contribution of the myristoyl
moiety and the influence of the type of phospholipid as well as
of calcium, zinc and magnesium on REC membrane binding
have been studied.

E. Demers1, M. Piché-Cadorette1, E. Boisselier1, A.
Yamasaki2, C. Salesse1
1

Ophtalmology, Laval, Québec, QC, Canada, 2Ophtalmology
and Pharmacology, Wayne State University, Detroit, MI, USA
Background and aims: Upon light absorption, rhodopsin
forms a complex with the alpha subunit of transducin (Tα). The
exchange of GDP for GTP leads to a conformational change of
Tα which is consequently released from its beta-gamma
subunits and rhodopsin. Tα-GTP then activates cGMP
phosphodiesterase (PDE) which hydrolyzes cGMP and leads
to the closure of the cGMP-gated channels and to the
hyperpolarization of the rod photoreceptors. PDE is made of
two catalytic (αβ) and two inhibitory (γ) subunits (Pαβγγ). PDE

Results: The data have shown that the extrusion of the
myristoyl moiety has no significant impact on the depth of
insertion of the REC into lipid monolayers. However, it
accelerates the kinetics of adsorption of REC. Furthermore,
unsaturated fatty acyl chains also increase this kinetics of
adsorption. Moreover, electrostatic interactions are also
involved in REC membrane binding. Indeed, REC can more
deeply insert into anionic than zwitterionic liquid-expanded
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phospholipid monolayers. Finally, analyses of the adsorption
kinetics suggest that REC is able to bind both calcium and
zinc, but not magnesium.

level of alpha helical structure and that they have a similar
orientation. Data using the same methods will also be
presented with RDH8.

Conclusions: The results suggest that extrusion of the
myristoyl moiety of REC accelerates its membrane binding but
does not influence the extent of its insertion into lipid
monolayers. Moreover, electrostatic interactions are also
involved in membrane binding presumably by means of a
cluster of basic amino acids which are located at the Nterminal of REC. Altogether, the data suggest that negatively
charged phospholipids could promote a particular orientation
of REC at the membrane surface and that its myristoyl moiety
constitute an anchor which is barely enough to allow
membrane binding. Finally, the high level of unsaturated fatty
acyl chains in photoreceptor disk membranes could allow to
accelerate membrane binding and dissociation of REC and
thus could serve to speed the mechanism of
phototransduction.
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BHLH FACTOR REGULATION OF CELL CYCLE
PROGRESSION VERSUS EXIT IN THE EMBRYONIC
MOUSE EYE
N.L. Brown1,2, A.N. Riesenberg1,2, M. Quinn1,2, J.A. Brzezinski
IV3, T. Glaser3, R.B. Hufnagel1,2
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Background & aims: Retinal neurons and glia differentiate in
a stereotypical birth order in mice, with retinal ganglion cells
(RGCs) born first, and bipolar neurons and Müller glia last.
The bHLH transcription factors Atoh7 and Ascl1 are required
for normal RGC versus bipolar development, respectively.
Atoh7 expression initiates coincident with the onset of retinal
neurogenesis, which is several days prior to the activation of
Ascl1. Although Atoh7 and Ascl1 are proposed to regulate
early versus late retinal competence, we tested this idea
directly by misexpressing Ascl1 in the early Atoh7 retinal
lineage.
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EXPRESSION, PURIFICATION AND MEMBRANE BINDING
OF RETINOL DEHYDROGENASES 8 AND 11
E. Boisselier, M. Piché-Cadotte, M.-L. Audet, M. Méthot, L.
Cantin, C. Salesse
Ophtalmology, Laval, Québec, QC, Canada
Background and aims: The absorption of light by rhodopsin
in rod outer segment disk membranes causes the
isomerization of 11-cis retinal to all-trans retinal which
dissociates from rhodopsin. All-trans retinal then enters the
retinoid cycle of vision, which allows its conversion to 11-cis
retinal through a series of enzymatic reactions, aiming to
regenerate rhodopsin. Several retinol dehydrogenases (RDH)
are involved in this visual cycle, including RDH8 and RDH11.
They are responsible for the formation of retinol from retinal or
vice versa and must thus be closely associated with
membranes. Several models have been proposed to explain
the membrane binding of RDHs which could involve N- and/or
C-terminal alpha helices or C-terminal acylations. However,
the parameters responsible for the membrane binding of
RDH8 and RDH11 are still largely unknown. The goal of this
research was thus to determine the extent of membrane
binding of these RDHs using model membranes.

Methods: An Atoh7 targeted replacement mouse was
generated, wherein the Ascl1 cDNA and an IRES-DsRed2
reporter cassette were homologously recombined into the
Atoh7 locus. Control, Atoh7Ascl1/+ and Atoh7Ascl1/Ascl1 mice were
intercrossed with Atoh7-Cre;Z/EG mice to compare the fates
of the Atoh7 retinal lineage in each genetic background.
Embryonic, postnatal, and adult mouse eyes were harvested
from
timed
pregnancies
for
histology
and
immunohistochemistry. BrdU pulse-labeling was also
performed and eyes from various ages collected for analysis.
Results: Atoh7Ascl1/Ascl1 mice had a cell autonomous loss of
nearly all RGCs, like Atoh7 mutants, along with a unique
nonautonomous shift in the proportions of bipolar neurons and
Müller glia. At E12.5, the Ascl1-misexpressing cells were
inappropriately mitotically active and failed to differentiate into
RGCs on schedule. In adult Atoh7Ascl1/+ eyes, RGCs and optic
nerves were normal, but bipolars and Müller glia populations
were abnormal. Intriguingly, we did not observe premature
onset of bipolar neurogenesis in Atoh7Ascl1/+ or Atoh7Ascl1/Ascl1
retinae.

Methods: RDH8 has been cloned in fusion with GST to
facilitate its purification. Purification assays of RDH8-GST
were performed by affinity chromatography. RDH11 and a
truncated RDH11 lacking its highly hydrophobic N-terminal 26
amino acids (N-del-RDH11) have been overexpressed and
purified. Membrane binding measurements have been carried
out by injecting RDH11, N-del-RDH11 or the synthetic Nterminal peptide (NTP) into the subphase of different
phospholipid monolayers at the air-water interface, thereby
allowing to compare their kinetics of binding. Moreover,
measurements by infrared spectroscopy have been performed
to confirm the alpha helical structure of NTP and to determine
its orientation as well as to compare the structure and the
orientation of RDH11 and N-del-RDH11.

Conclusions: Ascl1 cannot compensate for Atoh7 during
RGC specification, and instead ectopic Ascl1 kept Atoh7expressing cells inappropriately mitotically active. This shift in
cell cycle progression occurred in both Atoh7Ascl1/+ and
Atoh7Ascl1/Ascl1 embryonic retinae. We conclude that Ascl1 acts
dominantly over Atoh7 to block cell cycle exit. However, one
normal allele of Atoh7 ultimately produced the correct
complement of RGCs in Atoh7Ascl1/+ eyes. Our studies further
suggest that additional retinal factors act to maintain the
proper ratios of mitotically active to exiting progenitor cells. We
propose that one role for Ascl1 is to maintain the mitotic
activity of a proportion of embryonic retinal progenitors,
thereby insuring sufficient progression to later, postnatal
competence states which produce rods, bipolars, and Müller
glia.

Results and conclusions: The kinetics of monolayer binding,
monitored by surface pressure measurements, increases as
follows : NTP > RDH11 > N-del-RDH11. These data suggest
that the alpha helical N-terminal peptide of RDH11 is very
important for its membrane binding. Moreover, similar values
of maximum insertion pressure of N-del-RDH11 have been
obtained with all phospholipids assayed except for
phosphatidylcholine. These values were higher than the
membrane lateral pressure, suggesting that the absence of the
N-terminal alpha helix of RDH does not prevent the membrane
binding of RDH11. Infrared spectroscopy has allowed to
determine that NTP, N-del-RDH11 and RDH11 contain a high
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Results: Maturation of most ERG components occured by
P19 in control LE and 5 days later (P24) in SD rats. While the
ERG maturation process was initiated in exposed SD rats to
reach a maximum obtained at P17 in control, it failed to do so
in exposed LE rats. The degree of ERG attenuation (a-wave:
85%, rod-cone b-wave: 33% and photopic b-wave: 23% of
control) measured in LE rats exposed from P0-P9 was almost
identical to that reached in SD rats exposed from P0-P14
(80%, 37% and 27% of control, respectively). LE rats exposed
from P0-P14 developed an OIR significantly more severe than
SD rats. Retinal histology of exposed SD rats reveals that the
posterior pole is largely devoid of an OPL and only a
peripheral ring of intact OPL remains, the thickness (from the
ora serata) of which is 1447.1 µm ± 137.4 in the inferior retina
(IR) and 1019.2 µm ± 252.2 in the superior retina (SR). In
comparison, exposed LE rats reveal a significantly (p< .05)
thinner ring of intact OPL measuring 7.7 µm ± 3.3 and 7.5 µm
± 0.1 in the IR and SR, respectively (p>0.05). The latter
discrepancies were reflected in the increased susceptibility of
central compared to peripheral mfERG responses.

A NEW MOUSE MODEL OF RETINAL DEGENERATION
(RD18)
B. Chang, R. Hurd, J. Wang, P. Nishina
The Jackson Laboratory, Bar Harbor, ME, USA
Background and aims: The number of known serious or
disabling eye diseases in humans is large and affects millions
of people each year. Yet research on these diseases
frequently is limited by the obvious restrictions on studying
pathophysiologic processes in the human eye. Mouse models
of inherited ocular disease provide powerful tools for quick
genetic analysis and characterization. The aim of this study is
to characterize the clinical appearance, histology, and
chromosomal localization of a new hereditary model of retinal
degeneration.
Methods: While screening mouse strains and stocks at The
Jackson Laboratory for genetic mouse models of human
ocular disorders, we have identified a new mouse retinal
degeneration (allele symbol: rd18). The phenotype was
documented using electroretinography, histology, and fundus
photography, while the genetic characterization and linkage
analysis were performed using linkage studies and gene
identification.

Conclusions: Our ERG results would suggest that the LE rat
retina matures approximately 5 days sooner than that of the
SD rat. If the latter finding can be interpreted as indicative that
LE rats are born with a more mature retina compared to SD
rats, it would explain why LE rats react so strongly to postnatal
hyperoxia. The latter claim also finds support in our
demonstration of a near equivalent OIR in LE rats exposed
from P0-P9 and SD rats exposed from P0-P14. To our
knowledge this is the first animal demonstration that retinal
maturity at birth plays a critical role in determining the severity
of the resulting OIR.

Results: Mice homozygous for rd18 show retinal degeneration
with white retinal vessels and pigment patches at one month of
age. Histology at 3 weeks of age shows retinal degeneration.
Electroretinograms of rd18/rd18 mice are never normal. The
maximal response occurs at 3 weeks of age and is no
detectable at two months of age. The inheritance pattern of
rd18 mutant allele is autosomal recessive. Linkage studies
mapped this new mutation to mouse Chromosome 17, in a
region around marker D17Mit81, suggesting the human
homolog may be on chromosome 6p12.
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SLEEP DISTURBANCES IN RETINITIS PIGMENTOSA AND
GENE EXPRESSION

Conclusions: The early onset of retinal degeneration
combined with our genetic data suggest that this is a new
spontaneous mutation not previously described in mouse.
Retinal degeneration 18 (rd18) may provide a novel mouse
model for pathogenesis of autosomal recessive retinitis
pigmentosa (arRP) in human.

N. Duponsel1, N. Alotaibi2, R. Koenekoop3, O. Overbury1
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Purpose: Sleep disturbances have been reported in many
blind individuals, as well as in those with pineal gland damage.
Both the retina and pineal gland are heavily implicated in
sleep. Photosensitive ganglion cells of the retina detect
day/night cycles, to which the pineal gland synchronizes in
order to release melatonin, thus regulating sleep-wake cycles.
Research has demonstrated, that among many genetically
caused retinal dystrophies, the same genes expressed in the
retina can also be expressed in the pineal gland. This study
investigates sleep disturbances in individuals with retinitis
pigmentosa (RP) in order to determine if RP patients
experience significant sleep disturbances and, if gene
expression in the pineal gland plays a role in poor sleep
quality.
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COMPARING THE EFFECT OF POSTNATAL HYPEROXIA
ON THE RETINAL STRUCTURE AND FUNCTION OF
ALBINO AND PIGMENTED RATS
A. Dorfman1, A. Polosa2, S. Chemtob3, P. Lachapelle2
1
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Method: Data were collected for 34 individuals with RP (10
retinal expression only, 24 retinal and pineal expression). They
were interviewed using the Pittsburgh Sleep Quality Index
(PSQI), a 19-item scale evaluating seven major components of
sleep quality. Genetic information was collected from the
patient files of the McGill Ocular Genetics Centre at the
Montreal Children's Hospital. Participants were excluded if any
other possible explanations of sleep disturbances (ex: shift
work, systemic disorders, excessive caffeine or medication
use) were detected by The Brief General Health Assessment
questionnaire.

Purpose: We previously showed that pigmented Long Evans
(LE) rats react more severely to postnatal hyperoxia compared
to albino Sprague Dawley (SD) rats. The purpose of this study
was to examine if a previously reported difference in retinal
maturation at birth, between the two strains, could explain this
discrepency.
Methods: LE and SD rats were exposed to 80% O2 for 22.5
hours from P0-P14. Scotopic and photopic ERGs were
recorded at P15, P16, P17, P19, P30 and P60. Retinal
cytoarchitecture was evaluated at P60.

Results: In general, individuals with RP demonstrated poor
sleep quality (Mean = 7.2, where a score above 5 indicates
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significant sleep disturbances). No significant difference was
found, however, between sleep disturbances in those with
gene expression in the retina only versus expression in both
the retina and pineal gland.

endothelial growth factor (VEGF) and basic fibroblast growth
factor (bFGF). Indirect ophthalmoscopy, slip lamp, fundus
color photography and fluorescein angiography (FA)
demonstrated, in vivo, the choroidal and retinal vascular
changes. Grading of FA images followed qualitative and
quantitative clinical standards, where lesions were graded
according to type, size, and severity. Animals were followed
for 45 day or longer, when indicated.

Conclusion: Although no significant difference of sleep quality
was attributed to gene expression in the pineal gland,
individuals with RP do seem to experience abnormally poor
sleep quality with a significant amount of sleep disturbances
not associated with lifestyle. These results suggest that
changes in the retina due to RP may be sufficient to affect
sleep quality, regardless of pineal gland involvement. As there
are numerous genes associated with RP, further research
needs to be conducted investigating specific genes and their
possible involvement in sleep quality in RP.

Results: The subretinal injection of Matrigel with VEGF and
bFGF led to severe and sustained retinal vascular tortuosity
and dilation changes up to 4 weeks, in both species.
Subretinal injection of Matrigel, in mini-swine and rabbits,
leads to sustained subretinal and retinal neovascular
response. In the pigmented rabbit model, proliferative
vitreoretinopathy and tractional retinal detachment, associated
or not to vitreous hemorrhage, were observed more often than
in other models. Organized subretinal lesions resembling
fibrovascualr nets could be seen after 15 days post-induction.
In mini-swine, the subretinal blebs tended to organize and
progress into concentric fibrotic lesions. Bevacizumab
treatment in both the swine and rabbit models led to
decreased retinal vascular changes. In both species, it
appeared that the effect of bevacizumab was more prominent
in more superficial lesions. Clinical histopathological
correlation is demonstrated.

P355
THE PULFRICH PHENOMENON AND MULTIPLE
SCLEROSIS
J.P. Cunha, J. Ferreira, L. Pinto, D. Amado
Centro Hospitalar Lisboa Central, Lisbon, Portugal
Introduction: The Pulfrich's phenomenon is a psychophysical
effect in which a pendulum swinging in a bidimensional plane
can be interpreted by the visual cortex as a three-dimensional
motion, due to a uniocular delay in retinocortical transmission.

Conclusion: Angiogenic growth factors with Matrigel triggers
a retinal and choroidal neovascular response after subretinal
injection in both mini-swine and rabbits, and consequently,
mini-swine and rabbits are both suitable animal models for
retinal and choroidal neovasucalrization induction by subretinal
injection of growth factor-boosted Matrigel. Variations in the
presentation of neovascularization could be observed across
different species, and should be taken into consideration with
regards to the expected outcome of therapeutic interventional
trials.

Purpose: To determine whether demyelinating optic
neuropathy unilateral or asymmetric causes a pathological
Pulfrich's phenomenon.
Population/methods: Twenty two patients with the diagnosis
of demyelinating optic neuropathy were assessed on their
ability to perceive the Pulfrich phenomenon, using a computer
generated pendulum image. We evaluated the visual acuity
corrected, Visual Evoked Potentials (VEP) to quantify the
latency of P100 wave and the annulment of the phenomenon
with polarizing filters (70% transmission).

P357
TOPICAL AND INTRAVITREAL PHARMACOKINETICS OF
THE ANTI-ANGIOGENIC AGENT, OC-10X, IN THE RAT

Results: Ten out of 22 patients were able to perceive the
phenomenon and this was abolished after the filing of a neutral
filter.

A. Hosseini, F.A. Lattanzio, Jr, P.B. Williams
T. R. Lee Center for Ocular Pharmacology, Physiological
Sciences, Eastern Virginia Medical School, Norfolk, VA, USA

Conclusions: Optic neuropathy can cause Pulfrich's
phenomenon and explain some apparently nonspecific visual
complaints, without obvious changes of visual acuity or
stereopsis.

Background and aims: Exudative age-related macular
degeneration (AMD) is a common debilitating eye disease
characterized by the growth of abnormal, fragile blood vessels
under the retina (choroidal neovascularization, CNV) leading
to legal blindness. Current therapies for exudative AMD and
CNV include multiple intravitreal injections of vascular
endothelial growth factor inhibitors with or without laser
photocoagulation. Intravitreal injections pose problems in
terms of patient compliance and the potential for ocular
damage that topical drug administration would circumvent.
OC-10X is a novel anti-angiogenic agent that represents a
unique and first in class AMD treatment. This study compares
the pharmacokinetics of topical and intravitreal 14Cradiolabeled OC-10X in the rat.

Keywords: Pulfrich's phenomenon, demyelinating optic
neuropathy, polarizing filters, temporal disparity, spatial
disparity.
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COMPARTIVE MATRIGELTM -BASED MODELS OF
RETINAL AND CHOROIDAL NEOVASCULARIZATION IN
THE YUCATAN MINI-SWINE AND RABBIT
G. Gum1, R.A.P. De Carvalho2, P. Ko1

Methods: Both eyes of 12 Sprague-Dawley (SD) rats were
topically treated thrice daily (20 µl 1% 14C-OC-10X). Groups of
4 treated rats were then euthanized 1 hour following the
morning dose after 1, 4, 7 or 14 days of treatment. In a second
experiment, both eyes of 24 SD rats received a single
intravitreal 2 µl injection of 1% 14C-OC-10X, with groups of 6
treated rats euthanized after 1, 4, 7 or 14 days. All animals
were monitored for ocular or systemic adverse effects. After
euthanasia, tissue samples were collected, weighed and
prepared for 14C scintillation counting.

1

Biological Test Center, B. Braun Medical Inc., 2Targeted
Therapy Technologies, LLC, Irvine, CA, USA
Purpose: To compare the neovascularization response trigger
by subretinal injection of VEGF-bFGF-boosted Matrigel™ in
New Zealand White rabbits, Dutch Belted rabbits, and Yucatan
mini-swine.
Methods: Yucatan Mini-swine (n=5), Dutch Belted rabbits
(n=12), and New Zealand White rabbits (n=12) were injected
subretinally with Matrigel, containing a mixture of vascular

Results: Bilateral topical OC-10X administration resulted in
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stable, salient concentrations (1.126 ± 1.08 µg/g) in the target
tissue, retina which were maintained from the 4th to 14th day
without any adverse effects. In comparison, the initial retinal
concentration of OC-10X was much higher at the 1st day after
intravitreal injection (17.733 ± 18.703 µg/g), but it dropped to
10 times less than the topical application within 4 days (0.18 ±
0.26 µg/g) and continued to fall over 14 days (0.004 ± 0.014
µg/g). The concentration in plasma (0.003 to 0.066 µg/ml) and
accumulation in major organs (range from 0.001 in brain to
0.033 µg/g in gut) were much lower than the accumulation in
retina.

findings provide yet another piece of information to our
understanding of the role of glutamate transport in glaucoma
pathology.

Conclusion: To maintain rat retinal OC-10X concentrations
comparable to that of topical treatment would require multiple
intravitreal injections. This retinal concentration sustained after
topical administration is comparable to IC-50 in bovine retinal
endothelial cell proliferation in vitro. Our other studies have
shown that in a rat CNV model the topical OC-10X regimen
significantly reduced CNV (up to 41% less CNV than vehicle
treated controls), demonstrating that intravitreal administration
is not necessary to safely and effectively treat CNV.
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DIFFERENTIAL EXPRESSION OF BIOMARKERS OF
OXIDATIVE STRESS IN AGING HUMAN RETINA
T.C. Nag, S. Wadhwa
Anatomy, All India Institute of Medical Sciences, New Delhi,
India
Background and aims: The retina is susceptible to damage
by oxidative stress, owing to its constant exposure to light and
high membrane lipid content, especially in photoreceptor outer
segments. It has also the highest oxygen consumption of all
tissues, which makes it vulnerable to damage caused by free
radicals and reactive oxygen species generated in metabolic
processes, such as oxidative phosphorylation. Although not
proven, it is currently believed that oxidative stress is a major
contributory factor for age-related macular degeneration, a
potentially sight-threatening condition of the elderly people. On
the other hand, information on whether the human retina
suffers from oxidative stress with normal aging is lacking.
Therefore, in this study, we examined post mortem human
retinas at different ages for the localization of known
biomarkers of oxidative stress, by immunohistochemistry.

P358
RETINAL GANGLION CELL DENSITY MAY IMPACT
VGLUT2 EXPRESSION LEVELS IN THE RETINA
G.C. Munguba1, A. Camp2, M. Tapia2, M. Risco2, S.K.
Bhattacharya1,2, R.K. Lee1,2
1

Neuroscience, 2Ophthalmology, Bascom Palmer Eye Institute
University of Miami, Miami, FL, USA
Purpose: Glutamate mediated excitotoxicity has been
implicated in glaucomatous retinal ganglion cell (RGC) death.
Glutamate, the major neurotransmitter in the retina, is loaded
into synaptic vesicles by a family of proteins known as
Vesicular Glutamate Transporters (VGLUTs). We observed a
decrease in VGLUT2 expression in DBA/2J mice in
association with progressive loss of RGC as DBA2/J mice
aged and developed glaucoma. The DBA2/J glaucoma model
displays a loss of RGCs in association with elevated IOP.
Using Brn3b knockout (KO) mice with a reported 70%
depletion of the RGC cells at birth, we examined the effect of
RGC depletion on VGLUT 1 and 2 expression in the retina.

Methods: We procured post-mortem residual part of human
eyes from donors (died of cardio-respiratory complications; N=
18; post mortem delay: 1-3 hours; age: 35-89 years), who had
no history of ocular or systemic diseases, via approval of the
Institute Ethics Committee. Their retinas were fixed in 4%
paraformaldehyde, cryosectioned and immunoreacted against
anti-4-hydroxy nonenal (4HNE), glutaredoxin-1, nuclear
respiratory factor-1 (NRF-1), glutathione-S-transferase- π1
(GST- π1) and mitochondrial superoxide dismutase (SOD-2),
employing the avidin-biotin immunoperoxdase method.

Methods: Brn3b KO, heterozygote and control wild-type
mouse globes were retrieved post-mortem, fixed in
formaldehyde and sectioned for immunofluorescense (IF) and
subsequent confocal microscopy. Sectioned retinas were
subjected to Trilogy (Cell Marque, CA) antigen retrieval and
double-labeled with antibodies against VGLUTs 1 and 2,
Brn3a and calretinin.

Results: Immunoreactivity (IR) to all biomarkers was
prominent in various photoreceptor compartments, except
NRF-1 that expressed in the outer and inner nuclear layers
only. IR to 4HNE and glutaredoxin-1 was especially prominent
in photoreceptor outer segments, cone axons, and amacrine
and ganglion cells, indicating sites of lipid peroxidation in the
human retina. IR to both markers appeared to increase with
advanced age, while IR to GST- π1 and SOD-2 in
photoreceptor inner segments showed a gradual decline with
age.

Results: Preliminary results demonstrate that unlike control
VGLUT1 IF immunostaining, VGLUT2 appears reduced in 2
month-old Brn3bKO compared to heterozygote and control
retinas. In Brn3b KO mice, VGLUT2 is expressed as sharp
puncta between RGCs, whereas a prominent diffuse staining
is seen in heterozygote and wild-type control mice. Brn3a
expressing RGCs were present in lower relative numbers in
the KO mice when compared to displaced amacrine cells
(identified by calretinin staining). In accordance with published
results from the characterization of Brn3b/Brn3c double KO
mice, geographical displaced amacrine cell aggregations in
the RGC layer are observed.

Conclusions: The pattern of differential expression of the
biomarkers employed in this study indicates that
photoreceptors are susceptible to damage by oxidative stress
in the course of normal aging. Our earlier observation by
electron microscopy revealed that from sixth decade onward,
the photoreceptor inner segment mitochondria and
microtubules undergo disorganization, which may have link
with oxidative stress, and thus needs confirmation (supported
by
Department
of
Biotechnology
[BT/PR10195/BRB/10/589/2007, TCN], Govt of India).

Conclusions: Brn3bKO retinas demonstrate an intrinsic loss
of RGCs early in retinal development. The decrease in Brn3b
expressing RGCs may underlie the subsequent reduction of
Brn3a positive RGCs and VGLUT2 expression in brn3b KO
animals, as compared to heterozygote and control animals.
Although we speculate that VGLUT2 expression by RGCs is
decreased on a signal per cell level, IF experiments alone do
not allow for a concrete answer. These early preliminary
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revealed full recovery [scotopic b-wave: (D1:56%, D3:108%,
D10:129% and D31:97% of control)]. Photopic ERGs yielded
similar results. In ALE, the outer retina was severely affected
(RPE, OS and IS destroyed and only 1 row of ONL cells) in the
same region (supero-temporal quadrant) previously reported in
SD rats. The extent of this region increased (p.< 05) from
736±66µm at D1 to 1602±208µm at D31 and was
accompanied by growth in the melanin deprived area adjacent
to it from 995±260 µm at D1 to 1643±151µm at D31 (normal
LE rats:775±107µm). The latter hemiretinal structural
discrepancy impacted the same quadrant of the mfERG. In
JLE retinas, despite a non-significant loss of melanin
[D1:798±209 and D31:987±207µm] with no significant retinal
structure alteration.

SENSORY EXPERIENCE IS REQUIRED FOR EXCITATORY
SYNAPSE MATURATION OF AII AMACRINE CELLS
I. Osswald1, M. Chong1, N. Borghol1, S. Olinoski1, M. Szyf1, F.
Bedford2, D. Bowie1
1

Pharmacology & Therapeutics, 2Anatomy and Cell Biology,
McGill University, Montreal, QC, Canada
Recruitment of AMPA receptors into developing glutamatergic
synapses is carefully timed by a switch in the molecular
composition of NMDA receptors. Early in development,
AMPAR insertion is restrained by signaling through NR2Bcontaining NMDARs. However, as development proceeds,
NR2B's dominance dissipates as more and more synapses
accumulate NR2A-containing NMDARs which promote
AMPAR insertion. So common has this interplay between the
NMDAR and AMPAR been observed that it is thought to
govern assembly at all glutamatergic synapses. However, not
all neurons express NMDARs suggesting, in some instances,
an entirely different set of rules may regulate AMPAR
recruitment. To explore this, we have studied glutamatergic
synapse development in retinal AII amacrine cells which lack
NMDARs. In the light-adapted retina, AMPARs are recruited
into glutamatergic synapses soon after eye-opening (i.e. P14)
suggesting that the maturation process relies on signaling
events triggered by light entering the eye. In support of this,
synapse maturation is delayed in the dark-reared retina. AII
amacrine cells express calcium-permeable AMPARs (CPAMPARs) in both light-adapted and dark-reared retina
consequently the disruption in synapse maturation is unlikely
to be due to differences in AMPAR divalent permeability.
Instead, the effect of sensory experience on synapse
development apparently reflects a switch in AMPAR
composition. CP-AMPARs expressed in the dark-reared retina
are sensitive to polyamine block suggesting they lack the
GluR2 AMPAR subunit. In contrast, CP-AMPARs expressed
by AII amacrine cells in the light-adapted retina are insensitive
to polyamines suggesting, unexpectedly, that they contain
GluR2. Ongoing experiments are examining whether sensory
experience affects CP-AMPAR composition in AII amacrine
cells by regulating GluR2 transcription, translation and/or
trafficking.

Conclusions: Our results confirm that structural and
functional consequences of LIR are significantly less severe in
LE compared to SD rats and in JLE compared to ALE rats. As
in SD rats, LIR of LE rats targets the same supero-temporal
quadrant of the retina, a region normally devoid of melanin
pigment in LE. Given that at D1 the ALE reveals ONL
destruction (736µm) smaller than the corresponding melanin
devoid area (995µm) but nearly the same size as that of
normal rats (775µm) and by D31, both are of nearly equal size
(1643 vs 1602µm) strongly suggests that light initially destroys
the pigmented RPE and as a result of decreased melanin
protection, the adjacent ONL is also destroyed.
Notwithstanding the latter claim, one must also postulate an
increase in sensitivity to light damage of photoreceptors found
in the supero-temporal retina as this is where the most severe
consequences of LIR are found in albino rats.
P362
IDENTIFICATION OF A CIRCADIAN CLOCK-CONTROLLED
ROD PATHWAY IN THE MAMMALIAN RETINA
C. Ribelayga1, S.C. Mangel2
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2
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USA
Background and aims: Although the circadian clock in the
mammalian retina regulates many cellular processes in the
retina, it is not known whether and how the clock controls the
neuronal pathways involved in visual processing. The
circadian clock in the fish retina controls rod input to horizontal
cells via modulation of rod-cone gap junctions and dopamine
D2-like receptors, but the existence of a similar pathway in
mammals remains to be determined.

P361
COMPARING THE EFFECT OF BRIGHT LIGHT EXPOSURE
ON RETINAL STRUCTURE AND FUNCTION OF
NEONATAL AND ADULT ALBINO AND PIGMENTED RATS
A. Polosa, W. Liu, S. Goyer, P. Lachapelle

Methods: Experiments were performed on Dutch-belted
(pigmented) rabbits. The neural retina attached to the
epithelium-sclera was used for fine-tipped sharp electrode
recording of the light responses of axonless (A-type) horizontal
cells to stimuli of a range of intensity and wavelength. The
isolated neural retina was used for cut-loading experiments. A
razor blade was dipped in 0.5% Neurobiotin and used to make
vertical cuts through the neural retina. The tissue was then
incubated for 15 min in Ringer. Following cell loading and
diffusion, the retina was washed, fixed and Neurobiotin
visualized with streptavidin-conjugated Alexa-488.

Ophthalmology/Neurology-Neurosurgery, McGill
University/Montreal Children's Hospital Research Institute,
Montreal, QC, Canada
Purpose: Albino Sprague Dawley (SD) rats exposed to bright
light develop a severe retinopathy, characterized by a region
of near complete destruction located in the supero-temporal
quadrant at a position where the macula would be if rats had
one. We investigated if a similar region exists in pigmented
Long-Evans (LE) rats known to be more resistant to light
damage.

Results: By recording the light responses of rabbit A-type
horizontal cells under dark-adapted conditions in both the day
and night, we found that rod input to these cells was
substantially increased at night under control conditions and
following selective blockade of dopamine D2-like, but not D1,
receptors during the day, so that the horizontal cells
responded to very dim light at night but not in the day. Using
Neurobiotin tracer labeling, we also found that the extent of
tracer coupling between rabbit rods and cones was more
extensive during the night, compared to the day, and more

Methods: Juvenile (J) and adult (A) LE rats were exposed to
bright cyclic light (10 000lux) from P14-28 (JLE) or for 6
consecutive days (ALE). Scotopic, photopic and multifocal
ERGs and retinal histology were performed at days 1, 3, 10
and 31 post exposure.
Results: ERGs were significantly attenuated (p< .05) in ALE
rats, with only partial recovery [scotopic b-wave: (D1:11%,
D3:21%, D10:21% and D31:46% of control)]. JLE rats
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extensive in the day following D2-like receptor blockade.
Because A-type horizontal cells make synaptic contact
exclusively with cones, these observations indicate that the
circadian clock in the mammalian retina substantially
increases rod input to A-type horizontal cells at night by
enhancing rod-cone coupling. Moreover, the clock-induced
increase in D2-like receptor activation during the day
decreases rod-cone coupling so that rod input to A-type
horizontal cells is minimal.

cannabinoids, such as Abn-CBD, may have therapeutic
potential as retinal neuroprotectants.
Funding sources: NSHRF
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THE POTENTIAL OF HUMAN UMBILICAL CORD MATRIX
STEM CELLS IN RETINAL REPAIR

Conclusion: Considered together, these results thus identify
the rod-cone gap junction as a key site in mammals, as in fish,
through which the retinal clock, using dopamine activation of
D2-like receptors, controls signal flow in the day and night from
rods into the cone system. The findings further suggest that
this clock pathway is conserved among vertebrates, including
mammals.

R. Vawda1, F. Mansergh2, G.J. Farrar2
1

Fighting Blindness Vision Research Institute, Trinity College
Dublin, Smurfit Institute of Genetics, Ocular Genetics Unit,
2
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The aim of the study is to isolate, expand, characterise and
investigate the therapeutic potential of human umbilical cord
matrix stem cells in experimental models of retinal
degeneration. Gene therapy may be of limited use in the later
stages of diseases such as retinitis pigmentosa and agerelated macular degeneration, when most or all photoreceptors
have degenerated. In principle cell transplantation may enable
the replacement of photoreceptors or delay the death of the
remaining endogenous photoreceptors.

P363
NEUROPROTECTIVE AND ANTI-NEUROINFLAMMATORY
EFFECTS OF THE NON-PYSCHOTROPIC, ATYPICAL
CANNABINOID, ABNORMAL CANNABIDIOL, IN THE RAT
RETINA

The use of autologous (the patient's own) or foetal human
retinal tissue as a source of cells is one option, however, is
practically and ethically fraught. Notably, the proliferative and
differentiation potential of adult stem cells in particular can
decline rapidly in culture. Furthermore, integration into the
outer nuclear layer (in which retinal photoreceptors are found)
and photoreceptor differentiation of transplanted stem cells in
the retina thus far has been very limited.

A.-M. Szczesniak1,2, J. Slusar1, M.D. Beazley1, M. Almasieh3,
A. Di Polo3, M.E.M. Kelly1,2
1

Department of Pharmacology, 2Department Ophthalmology,
Dalhousie University, Halifax, NS, 3Department of Pathology &
Cell Biology, University of Montreal, Montreal, QC, Canada
Purpose: Cannabinoids and endocannabinoids lower
intraocular pressure (IOP) and have vasodilatory and
neuroprotective effects in the eye. The pharmacological
actions of many cannabinoids, including their psychotropic
effects, are mediated by cannabinoid 1 receptor (CB1R).
However, recent findings have identified the involvement of a
non-CB1R/CB2R receptor target that is activated by the
behaviorally-inactive
atypical
cannabinoid,
abnormal
cannabidiol (Abn-CBD). This research examined the effects of
Abn-CBD on retinal ganglion cell (RGC) survival and microglial
activity in an experimental model of optic nerve injury
(axotomy) in rats.

Umbilical cord matrix cells have recently been shown to
rescue host photoreceptors in a congenital model of retinal
degeneration (the Royal College of Surgeons rat) (Lund et al.,
2007), suggesting that this approach may more readily provide
benefit than cell replacement. In the current study we used
mesenchymal stem cells, termed Wharton's jelly cells
(hWJCs), isolated from human post-partum umbilical cord
matrix. These cells are easily obtained without ethical
problems and are in plentiful supply. hWJCs proliferate
extensively, can be repeatedly cryopreserved and thawed
without the appearance of karyotypic aberrations, migrate to
areas of inflammation and ischemia, suppress the immune
response (making them potentially useful in allogeneic
transplants) and are non-tumourigenic (Weiss et al., 2008).

Methods: RGCs were retrogradely labeled using fluorogold
(FG),7 days prior to transection of the optic nerve (ON) at
approximately 1 mm behind the globe. Abn-CBD (10 µM) was
administered via intraocular injection 1-3 days prior to axotomy
and again at 7 days after axotomy. Animals were sacrificed at
14 days post-axotomy and eyes enucleated and fixed. FG+
cells were counted in fixed retinal whole-mounts across 4
retinal quadrants. FG+ RGCs and microglia (MG) were
identified based on established morphological criteria. MG
cells were also examined in flat-mounted retinas using
imunohistochemistry for OX-42 and Iba1.

Several models of retinal degeneration were used in the study,
including light ablation of albino mice, laser-induced retinal
injury, the RCS rat and the rds mouse. In addition, three routes
of cell administration were employed - sub-retinal, intra-vitreal
and systemic delivery. To evaluate the effects of hWJCs
administration on retinal degeneration, TUNEL assays were
employed to assess cell death in treated and control retinas. In
addition, Cell Tracker was used to label implanted cells, which
did not adversely affect their survival in culture. 2 x 105 cells
were delivered systemically, subretinally or intravitreally.
hWJCs survived sub-retinally in non-immunosuppressed mice
for at least 10 days. Preliminary results regarding the effects of
hWJCs administration in rodent models of retinal degeneration
will be presented.

Results: ON axotomy reduced RGCs by ~90% (p< 0.001) at 2
weeks after injury. Treatment of animals with intraocular AbnCBD increased RGC survival at 2 weeks after axotomy as
compared to vehicle-treated axotomized retinas (p< 0.05).
Quantification of the number of activated MG in retinal flatmounts indicated the increased presence of phagocytic MG at
2 week post-axotomy in vehicle-treated eyes (p< 0.001). In
animals receiving intraocular injection of Abn-CBD, there was
significantly reduced MG activation at 2 weeks post-axotomy
compared to vehicle-treated axotomized retinas (p< 0.05).

P365
GLYCINE RECEPTOR INTERNALIZATION BY PROTEIN
KINASES ACTIVATION

Conclusions: The atypical cannabinoid, Abn-CBD, increases
RGC survival after ON injury. This increased RGC survival
may result from modulation of MG activation in the retina.
Taken together, the data suggest that behaviorally-inactive

M.A. Velazquez-Flores1, R. Salceda2
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first locus of autosomal dominant congenital choroioretinal
coloboma on chromosome 2. Our results suggest that there is
a new gene for choroioretinal coloboma on chromosome 2q342q35.

Although glycine-induced currents in the central nervous
system have been proven to be modulated by protein kinases
C and A, the mechanism is not well understood. In order to
better understand the mechanism involved in this
phenomenon, we tested the effect of protein kinases C and A
activation on the specific [3H]glycine and [3H]strychnine
binding to post-synaptic glycine receptor in intact rat retina.
The specific radioligand binding constituted about 20 % of the
total radioligand binding. Kinetic analysis of the specific
binding exhibited sigmoidal behavior with three glycine and
two strychnine binding sites and affinity (KD) of 212 nM for
[3H]glycine and a KD of 50 nM for [3H]strychnine. Specific
[3H]glycine and [3H]strychnine binding were diminished (6085%) by activation of protein kinases C and A, an effect that
was blocked by specific kinases inhibitors as well as by
cytochalasin D. Furthermore, immunoprecipitation studies
indicated that activation of these kinases lead to a timedependent phosphorylation of glycine receptor. The increase
in the glycine receptor phosphorylation level was observed as
early as at 2 min incubation; it reached the highest level
between 10 and 20 min, and subsequently decreased to basal
values. Moreover, the proportion of glycine receptor expressed
in the plasma membrane decreased by 60 % in response to
kinases activation, which was consistent with an increase of
the receptor in the microsomal fraction. On the other hand,
PKC activation reduced the GlyR proportion in the plasma
membrane but that observed in microsomes was not altered.
Our results suggest that in retina, glycine receptor is
physiologically cross-regulated by G-coupled receptors
activating PKC and PKA.Acknowledgements. We thank G.
Sánchez-Chávez for his technical assistance. This work was
partially supported by CONACYT grant I0006 and
PAPIIT/UNAM grant IN 201707-3.
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CHARACTERIZATION OF CYTOPLASMIC
POLYADENYLATION ELEMENT BINDING PROTEIN1
(CPEB1) IN THE RETINA
X. Wang
Anatomical Sciences and Neurobiology, University of
Louisville, Louisville, KY, USA
Background and aims: Cytoplasmic polyadenylation element
binding proteins (CPEBs) regulate translation of defined
groups of mRNA by selectively binding to the 3' UTR of the
mRNA. They play essential roles during oocyte maturation,
early development, and synaptic plasticity and have been
identified in the hippocampus and visual cortex. Little is known
about the presence or functions of CPEBs in the retina. In this
study, the goal was to characterize a particular CPEB, CPEB1,
in the retina.
Methods: The localization of CPEB1 mRNA and protein was
determined
using
in
situ
hybridization
and
immunohistochemistry. The quantitative levels of CPEB1
mRNA and proteins were determined using real-time PCR and
western blots, respectively. Potential targets of CPEB1 were
screened using 5' Rapid Amplification of cDNA Ends (RACE)
method and a bioinformatics program, CPE Detector,
developed in house. The polyadenylation status of selected
mRNAs was determined using polyadenylation assays (PAT).
Results: This study demonstrated that CPEB1 expression is
increased during postnatal development in the retina. CPEB1
is localized in the inner retina, predominantly within retinal
ganglion cells. A laminar pattern of CPEB1 expression is
evident in the inner plexiform layer, strongly suggesting an
involvement of CPEB1 in synaptic functions. Potential mRNA
targets of CPEB1 were identified from a retina cDNA library
and the 3' UTR database. Several candidate mRNAs
demonstrated elongated poly(A) tails during retinal
development.
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A NEW LOCUS FOR AUTOSOMAL DOMINANT
CONGENITAL CHOROIORETINAL COLOBOMA ON
CHROMOSOME 2Q
L. Wang
Peking University Eye Center, Beijing, China

Conclusion: We propose that a translational mechanism for
synaptic modification that involves CPEB1 that has not been
previously explored in the retina is present in this tissue. This
work is supported by NEI R01EY017594.

Objective: To identify the genetic location of the candidate
gene by linkage analysis in a Chinese family with autosomal
dominant congenital choroioretinal coloboma.
Methods: A detailed clinical examination was performed for all
patients in congenital choroioretinal coloboma family. The
genomic DNA of all family members was extracted from
peripheral blood leukocytes. Linkage analysis and genomewide linkage screening was conducted using fluorescent
detection of 382 microsatellite markers representing all
autosomes at an average resolution of approximately 10cM.
The polymerase chain reactions were carried out to amplify all
382 microsatellite markers. The allele sizes were determined
on ABI 3130-avant genetic analysis according to an internal
size standard and the results were analyzed using Genescan
3.1 and Genotyper 2.0 software.
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ISOFLURANE ANESTHETIC HAS DOSE-DEPENDENT
SELECTIVE IMPACT ON ON- AND OFF-RESPONSES OF
RETINAL GANGLION CELLS
L. Wood1, F. Tremblay1,2
1

Clinical Vision Science, 2Ophthalmology and Visual Sciences,
Dalhousie University, Halifax, NS, Canada
Background and aims: Previous clinical observation
documented the impact of isoflurane anesthesia on the
electroretinographic signal. 1 Retrobulbar electroretinograms
recordings from a swine model revealed that evoked potentials
related to optic nerve activity were significantly attenuated
after isoflurane anesthesia.2 Here, we examined in vitro the
effect of isoflurane anesthetic on the guinea pig retinal
ganglion cell (RGCs) response characteristics.

Results: Genome-wide linkage analysis provided evidence for
a genetic locus for congenital choroioretinal coloboma on
chromosome 2q34-2q35. The maximum lod score 3.01, was
obtained for marker D2S2382 at a recombination fraction of 0.
Proximal and distal crossovers were observed with makers
D2S2361 and D2S126, respectively. This crossovers define
the critical diseases locus to an interval of approximately 3.6
centimorgans(cM).

Methods: Guinea pig retinae were dissected and placed
ganglion cell side down on a 8 x 8 microelectrode array (30 µm

Conclusion: The disese in this chinese family reprents the
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electrodes diameter, 500µm spacing). Long-duration light
stimuli (LED 530nm, 500ms, 0.01-10 cd•m-2 ) were used to
generate RGC action potentials. Post-stimulus time
histograms were generated by windowing RGC spiking
activity. Counts were made of spontaneous activity rate, as
well as count of spiking activity associated with ON and OFF
stimuli. After baseline recordings, the retina was superfused
with various dilutions of 37˚C isoflurane-saturated Ames media
(0.12 to 1.2mM aqueous concentration, corresponding to 0.3
to 3.0 MAC (Minimum Alveolar Concentration)).

been shown to be associated with an increased risk for agerelated macular degeneration. A previous study showed CFH
was also expressed in the neural retina but this significance of
this finding is not clear.. The purpose of this study is to
determine if the expression of CFH is altered by ischemiareperfusion injury.
Methods: Retinal ischemia was induced by elevating the
intraocular pressure in Long Evan rat eyes for 60 minutes,
followed by 0, 1, 2, or 24 h of reperfusion. CFH mRNA and
protein levels were determined with the aid of real-time PCR,
western blots, and immunohistochemistry.

Results: After a 30-minute stabilization time, coefficient of
agreement over the next 150 minutes remained between 0.881.08 for the ON-responses, and within 0.92-1.04 for the OFFresponses. Isoflurane showed a dose-dependent effect. At
sub-anesthesia doses lower than 1 MAC, the OFF-responses
showed a decline to 70%. At clinical anesthesia
concentrations, ON-responses were reduced to 47%, the OFFresponses to 36%. At larger concentration, all responses
disappeared, in keeping with a proposed action on voltagegated sodium channels. All effects were recoverable, usually
within 20 minutes.

Results: In ischemic retinas, the intensities of CFH
immunolabeling in the retina GCL were higher than in the
control retinas. Western blotting showed the expression of
CFH was significantly higher following ischemia-reperfusion
when compared to the sham-operated eyes. The elevated
protein level was most prominent after 1h, and less
pronounced after 2h of reperfusion. Likewise, the mRNA level
of CFH was slight higher following ischemia-reperfusion.
Conclusion: Retinal ischemia followed by reperfusion results
in the detection of elevated levels of CFH within the
neuroretina. This result leads us to suggest that the pattern of
CFH expression could be related to the loss of retinal ganglion
cells evident after ischemia-reperfusion injury in rat retinas.
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FIRING ACTIVITY OF INTRINSICALLY PHOTOSENSITIVE
RETINAL GANGLION CELLS DURING PROLONGED LIGHT
STIMULATION
A. Hartwick, H. Moose, C. Doerning
College of Optometry, The Ohio State University, Columbus,
OH, USA
Background and Aims: Melanopsin-expressing retinal
ganglion cells are intrinsically photosensitive (ipRGCs) and
provide irradiance information to brain regions that control
circadian rhythms and pupillary light reflexes. It has been
demonstrated that the light responses of cultured rat ipRGCs
gradually decay during prolonged (> 1 min) exposures to
saturating white light (Hartwick et al., 2007). One hypothesis
for this phenomenon is that the light-sensitive form of
melanopsin becomes depleted (photopigment bleaching). If
ipRGCs resemble bistable invertebrate photoreceptors, one
would expect the response decay would be more pronounced
during stimulation with short-wavelength light, relative to longwavelength light, due to the differential effects of these stimuli
on photopigment bleaching and regeneration. The aim of this
work is to test whether ipRGC response decay is influenced by
the spectral content of the light stimuli.

[Fig.1]

Conclusions: Isoflurane anesthesia exerts a profound
influence on RGC output, even at concentration lower than 1
MAC. Recognition of those effects is essential for appropriate
interpretation of in vivo recordings and is particularly important
to decipher the cortical responses evoked in animal models.
1. Tremblay F & Parkinson J. (2003). Doc Ophthalmol.
107:271-279

Methods: Retinas from neonatal rats (6-10 days old) were
dissected and mounted RGC-side down onto an array of 60
electrodes (Multichannel Systems) and constantly superfused
with heated Ames medium. The retinas were stimulated for 1
minute with blue (474 nm) or yellow (585 nm) light generated
using an LED-based illumination system (Colibri, Zeiss), and
RGC spiking activity was monitored. Additionally, pupillary light
reflexes were assessed in adult rats. One eye was videotaped
under infrared illumination while the other eye was stimulated
by the blue or yellow LED light for 1 minute.

2. Lalonde MR, Chauhan BC, Tremblay F. (2002). Invest
Ophthal Vis Sci. 43: E-abstract 1819
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INVOLVEMENT OF COMPLEMENT FACTOR H IN
ISCHEMIA-REPERFUSION INJURED RETINA

Results: The light stimuli (~1015 photons/s/cm2) evoked
spiking activity in the isolated retinas. At age P6-10, rods and
cones are not yet fully functional and the light responses
exhibited a sluggish latency consistent with ipRGCs. The spike
frequency decreased to less than 50% of the peak frequency
after 1 minute exposure to either blue (n = 61) or yellow (n =
36) light. There was no significant difference in the response
decay elicited by the two light stimuli. In the pupillary light

M. Zhang1, W. Fan2, N. Cooper1
1

Anatomical Science and Neurobiology, University of
Louisville, Louisville, KY, USA, 2Department of Ophthalmology,
West China Hospital Sichuan University, Chengdu, China
Background and aims: Complement factor H (CFH) is a key
regulator of the complement system of innate immunity. It has
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reflex experiments, both the blue and yellow light stimuli
induced a near-constant level of pupil constriction throughout
the 1 minute light exposure.
Conclusion: A similar decay in the light-evoked ipRGC
spiking activity was observed during the 1 minute exposure to
either the blue or yellow light stimuli, indicating that it was not
due to wavelength-specific bleaching of melanopsin
photopigment. It is not yet clear whether this response profile
is unique to in vitro experiments, as there was no evident
change in pupil constriction during prolonged light stimulation.
Acknowledgements: Supported by Ohio Lions Eye Research
Fund
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ADDITIONAL FEATURE IN THE STAGING PROCESS OF
TUMOURS AROUND THE ORBIT
I. Berg-Börner1, C. Kober2, A. Palmowski-Wolfe1, S. Berg1, S.
Zimmerer1, H.-F. Zeilhofer1, K. Schwenzer-Zimmerer1
1
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Introduction: Tumours (e.g. squamous cell carcinoma)
infiltrating structures around the orbit can rise the question if
e.g. the extraocular muscles are infiltrated. Depending on the
available radiological equipment and procedures at a clinical
site, radiology contributes more or less to operation planning
of these tumours. An additional feature in the staging
procedure of these tumours should be introduced to reliably
improve radiological diagnostics.

ORBITAL FLOOR FRACTURES IN PATIENTS OVER 80
YEARS- A RETROSPECTIVE ANALYSIS AND
VISUALISATION
I. Berg-Börner1, C. Kober2, A. Palmowski-Wolfe1, S. Berg1, C.
Kunz1, H.-F. Zeilhofer1, K. Schwenzer-Zimmerer1
1

Basel University, Basel, Switzerland, 2University of Applied
Science, Hamburg, Germany

Method: A three dimensional MRI is a common staging tool
concerning tumours which infiltrate soft tissues. We like to
introduce a dynamic MRI imaging sequence (TrueFISP). With
this method, it is possible to record the eye movements in the
horizontal and vertical plane. A standard 1.5 T MRI with a
TrueFISP sequence (180ms/image, 1.3x1.3 mm spatial
resolution) is used. The average slice thickness is 5 mm. The
average acquisition time for one sequence is less than 30 sec.
The eye movements are assessed in at least two planes
(sagittal and axial). Additionally, as a part of the normal
staging procedure, cranial CT data and visualisation (Fig.1)
and if needed also PET-CT data are performed. Oculodynamic MRIs of patients and probands will be shown (Fig.2).

P373
TRAUMATIC OPTIC NEUROPATHY VISUALIZED BY
DIFFUSION WEIGHED IMAGING
B. Burt
Oculofacial Surgery Department, Texas Tech University, El
Paso, TX, USA
Introduction: Diffusion Weighted Imaging (DWI) is a novel
technique to study the movement of small amounts of water
molecules (voxels) in three dimensional space within living
tissue. Whilst this has been used in traumatic brain injury not a
great deal of study has been done on the human optic nerve
with this powerful imaging modality.

Results and conclusion: The additional information gained
with a very short extra acquisition time helps with the decision
if tumour tissue infiltrates the extraocular muscles, even with
minimal tumour mass. Motion deficits gave proof of adhesion.
To show this directly is difficult with small amounts of tumour.
Another 3D-modelling and navigation allows precise 3D
orientation, which again and provides helpful information to
plan the complex operations in this area and shortens the
operation time.

Methodology: We present 3 cases of severe optic nerve
insults with conventional imaging with MRI T2 sequences
failing to pick up the extent of damage seen in the DWI images
of the mid and posterior orbit.
Results: All cases show dramatic increase in the movement of
water molecules in the injured optic nerve. This allowed more
accurate assessment of the degree of injury which had
occurred. In many cases a major neuro-orbital surgical
intervention occurred as a result of the data yielded from the
DTI. In another, an otherwise unknown diagnosis was made
leading to a conservative management course.
Summary/discussion: Traumatic optic neuropathy (TON)
represents one of the few remaining insults to vision with no
reliable treatment. One of the keys to advancing this
management is to further subdefine the injuries leading to
blindness to optic nerve injury in the posterior orbit.
DTI allows us to see more anatomical functional information
concerning the optic nerve than we have before. We believe
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this will and already has in these cases lead to a better guided
management of traumatic optic neuropathy.

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 non-lens
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 proteins together form
the beta/gamma-crystallin superfamily (BGSF). Only few
information about their assembly state is available. Moreover,
these proteins are involved in a wide variety of functions,
which remain mainly unclear. Some members of this
superfamily (bacteria and lower eukaryotes) are stress-related
proteins, and main members share a calcium-binding site.

We would propose all centers dealing with TON use DWI in
their imaging protocols. Level one trauma centers and military
hospitals dealing with severe facial injury are particularly likely
to deal with these blinding injuries which although thankfully
rare may be potentially reversible.
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SCOTOPIC RETINAL FUNCTION IN LEWY BODY DISEASE
G. Carcenac1,2,3, C. Chayer3,4,5, M.-J. Kergoat3,5, J. Filion3,5,6,
C. Bocti4,5, A. Robillard4,5, J.M. Villalpando3,5, J. Latour3,5,6, Z.
Nasreddine7, R. Postuma8,9, S. Gauthier9,10, H. Kergoat2,3
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In this context, we aim to understand the evolutionary history
of these proteins, and identify the determinants of their
sequence-structure-function relationships. We present an
explicative approach to detect sites and their physicochemical
properties critical for beta- and gamma-crystallin assembly and
domain evolution, based on aligned sequences. This in silico
approach provides prediction of interactions and deleterious
mutations for new proteins of the superfamily, according to
these critical features.

Background and aims: Lewy Body Disease (LBD) is a form
of dementia characterized by fluctuations in cognition,
recurrent visual hallucinations, and parkinsonian motor
disturbances. It is accompanied by a dysfunction in the
cholinergic and dopaminergic systems. Our objective was to
evaluate if retinal function was reduced in individuals with LBD
since acetylcholine and dopamine activity is present in the
human retina.

Methods: We detect 280 protein sequences of the BGSF (99
beta, 126 gamma, 55 non-lens proteins) by similarity search in
sequence databases, corresponding to 527 domains. We
combine them into a multiple sequence alignment. We then
reconstruct the evolution history of these domains, and of the
two-domain superfamily members.

Methods: Eight elderly healthy subjects and eight elderly
individuals with LBD between 66 and 84 yrs of age
participated in this study. The diagnosis of LBD was made by
neurologists and geriatricians based on published guidelines
(McKeith et al 2005). The Mini-Mental State Examination
(MMSE) score was measured on the day of testing. Scotopic
flash electroretinograms (fERGs) were recorded from the test
eye with a DTL-type electrode after pupillary dilation and a 20
minute dark-adaptation period. Data acquisition consisted of 3
trials of an average of 20, 100 msec epochs obtained after
retinal stimulation with low intensity blue flashes (0.006
cd/m2/s) presented in a Ganzfeld bowl. The amplitude and
implicit time of the ERG response were measured and
averaged across subjects in each study group. Statistics
consisted of ANOVAs for an alpha level of 0.05.

We use a supervised clustering method, which includes two
steps: (1) selection of discriminant binary features, each
associating an alignment position with an amino acid group,
and (2) learning of the classifier by estimating the frequencies
of selected features, conditionally to the assembly state
(monomer or oligomer) or the domain orthologous group. The
most relevant features are predicted to be the structural
determinants of assembly or function.
Results: We identify 17 sites (11 beta-specific, 6 gammaspecific), whose amino acid composition determines the
protein assembly (monomer or oligomer). We also identify
specific sites and physicochemical properties determining the
domain orthologous group. These sites are mainly located out
of the domain interface.

Results: The MMSE scores were 30 ± 0 and 24.0 ± 1.3 for the
control and LBD groups (p= 0.002), respectively. There were
no significant changes in the fERG b-wave implicit times
between the 2 groups. However, the b-wave amplitude was
reduced by about 60% in the LBD group (p= 0.028).

Conclusion: We present an efficient approach to understand
and predict the sequence- structure-function relationships of
the BGSF members.

Conclusion: Our results indicate that LDB is accompanied by
a reduction in the function of the dark-adapted retina. These
findings may suggest that the deficits in acetylcholine and
dopamine known to occur in the brain of individuals with LDB
are also present in the retina.
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VISUAL FUNCTIONS IN SCHOOL-AGE CHILDREN WITH A
HISTORY OF PREMATURITY: PRELIMINARY RESULTS

Fondation Caroline-Durand (IUGM), COETF, FORMSAVIRSC, ÉOUM-FÉSP (UdeM)
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THE SUPERFAMILY OF BETA- AND GAMMACRYSTALLINS: EVOLUTION HISTORY AND SEQUENCESTRUCTURE-FUNCTION RELATIONSHIPS

Introduction: Retinopathy of prematurity (ROP) is a disorder
of abnormal retinal vascularization in the developing retina of
low birth weight, premature infants. with a history of
prematurity and ROP have decreased visual functions such as

E. Duprat1, M. Michiel2, F. Skouri-Panet1, A. Tardieu1, S.
Finet1
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visual acuity, visual fields, contrast sensitivity and stereoacuity.
The purpose of this study is to assess peripheral visual field,
measure hyperacuity and evaluate fine stereoacuity in children
with a history of prematurity with or without mild ROP, and to
compare these findings to children born full-term.

literature reports of differences in visual fields. Recruitment is
ongoing to confirm these findings.
P377

Study design: Prospective cohort design

NO EVIDENCE OF UV INPUT TO CONE-DRIVEN
HORIZONTAL CELLS IN THE GOLDFISH RETINA

Methods: School-age children (n=50) from the Maritime
provinces with history of prematurity and age-matched controls
(n=25) without ophthalmologic conditions or history of
prematurity are being recruited for this study. The patients with
history of prematurity are subdivided into two groups: ROP
(n=25) and No-ROP (n=25). The prematurely born children,
selected from the IWK Health Centre Perinatal Follow Up
Program, are born between 1997-2001 at less than 31 weeks
gestation. The ROP group must have a maximum ROP stage
of 1 or 2 in zone 2 in the worse eye. No ROP is defined as
stage 0.Visual fields are performed using the Octopus 900
perimeter. Hyperacuity is measured using the Manchester
Radial Deformation Acuity (RDA) chart, and stereoacuity using
Titmus, Frisby and Hard Randot tests.

C. Joselevitch, J.M. de Souza, D.F. Ventura
Experimental Psychology, Psychology Institiute/ Universidade
de São Paulo, São Paulo, Brazil
Many animal species make use of ultraviolet (UV) light in a
number of behaviors, such as feeding and mating. The
goldfish (Carassius auratus) is among those with a UV
photoreceptor and pronounced UV sensitivity. Little is known,
however, about the retinal processing of this input. We
addressed this issue by recording intracellularly from secondorder neurons in the adult goldfish retina. In order to test
whether cone-driven horizontal cells (HCs) receive UV cone
inputs, we performed chromatic adaptation experiments with
mono- and biphasic HCs. We found no evidence of a
projection from the UV-sensitive cones to these neurons in
adult animals. This suggests that goldfish UV receptors
contact preferentially triphasic HCs, which is at odds with the
hypothesis that all cones contact all cone-driven HC types.
However, we did find evidence of S-cone input in addition to
M- and L- cone inputs to some monophasic HCs, favoring the
idea that cone-HC contacts are more promiscuous than
originally proposed. Together, our results suggest that either
UV cones have a more restricted set of post-synaptic partners
than the other three cone types, or that the UV input to monoand biphasic HCs is not very pronounced under our
experimental conditions.

Results: To date, 47 participants have been recruited (table
1).

ROP Group
(n=10)

Non-ROP
Group (n=19)

Control Group
(n=18)

GA (weeks)

27.41 [24.7,
30.6]

29.70 [27.0,
31.0]

40.04 [38.0,
42.0]

BW (grams)

876.8 [580.0,
1240.0]

3634.6
1298.3 [850.0,
[2948.3,
1757.7]
4500.0]

Gender

6 Females
12 Females
11 Females
(60%) 4 Males (63%) 7 Males (61%) 7 Males
(40%)
(37%)
(39%)

P378
CORRELATION BETWEEN PARA-CENTRAL CORNEAL
POWER CHANGE AND PERIPHERAL REFRACTION
CHANGE AFTER ORTHOKERATOLOGY LENS WEAR

[Demographics
of
study
participants]
The results of the visual functions assessed for each group are
outlined in table 2.

P. Kang, H. Swarbrick

ROP Group
(n=10)

Non-ROP
Group (n=19)

Control Group
(n=18)

Frisby
(seconds of
arc)

55 [35, 110]

51.67 [35,
150]

48.33 [35,
110]

Titmus
(seconds of
arc)

46 [40, 100]

43.89 [40,
100]

40.56 [40, 50]

Hard Randot
(seconds of
arc)

34 [20, 100]

30 [20, 100]

21.11 [20, 30]

RVA
(LogMAR)

+0.02 [-0.1,
+0.2]

-0.028 [-0.1,
+0.1]

-0.033 [-0.1,
0.2]

LVA
(LogMAR)

+0.04 [-0.1,
+0.2]

-0.017 [-0.1,
+0.1]

-0.033 [-0.2,
+0.1]

RRDA
(LogMAR)

2.5420 [2.27,
2.73]

2.5322 [2.23,
2.77]

2.5550 [2.33,
2.77]

LRDA
(LogMAR)

2.5400 [2.30,
2.73]

2.5661 [2.10,
2.90]

2.5456 [2.20,
2.73]

School of Optometry and Vision Science, University of New
South Wales, Sydney, NSW, Australia
Background: Studies have shown that the dioptric change in
apical corneal power resulting from overnight orthokeratology
(OK) lens wear correlates with change in central refractive
error. However, the effects of para-central corneal power
change on peripheral refraction (PR) after OK lens wear have
not been explored.
Aim: To determine if there is a relationship between paracentral corneal power change and PR change after OK lens
wear.
Methods: 15 subjects (aged 11 to 16) were enrolled in a study
in which one eye was fitted with a BE OK lens and the fellow
eye with a conventional GP lens (Capricornia Contact Lens).
Lenses were worn over a 3-month period and PR (ShinNippon NVision K-5001 autorefractor) was measured at 10º,
20º, 30º and 35º in the nasal and temporal visual field (VF).
Corneal topography (Medmont E300) was also measured at
baseline and after 3 months of lens wear to quantify central
and para-central corneal power.
Results: Mean spherical equivalent refraction M became
significantly less hyperopic in the periphery (Fnasal-VF = 64.527,
p< 0.001; Ftemporal-VF = 20.363, p = 0.001) with OK lenses while
GP lenses caused no significant change over the 3-month
period (F=0.019, p=0.767).

[Visual
function
parameters
in
each
group]
There was a significant difference between the birth weight
and the ROP status.
Conclusions: Prelimary results suggest that the difference in
visual functions between the groups is minimal, contrary to
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results in different changes in behaviour and cortical activation
compared to other forms of early monocular deprivation.

There was a significant decrease in axial corneal power
centrally (F=11.069, p=0.002). Relative to the central cornea,
there was an increase in nasal para-central corneal power
(F=34.241, p< 0.001) but no change in temporal para-central
corneal power (F=0.195, p=0.662) after 3 months of OK lens
wear. No significant change in corneal shape was evident with
GP lenses after 3 months (F=0.257, p=0.775). A strong
correlation was found between nasal para-central corneal
power change and PR change in the nasal VF (r2=0.821,
df=14, p< 0.001). However, the relationship between temporal
para-central corneal power change and PR change in the
temporal VF did not reach statistical significance (r2=0.157,
df=14, p=0.144).
Conclusions: OK lenses caused an increase in nasal paracentral corneal power relative to the central cornea which was
correlated to a myopic shift in PR in the nasal VF. Although the
temporal cornea showed a significant myopic shift in
peripheral refraction, this was not reflected in corneal power
change. This may be due to temporal decentration of OK
lenses.

1

Conner et al. (2007). J. Physiol, 583, 159-73.

2

Le Grand et al. (2003). Nat. Neurosci, 10, 1108-12.

3

Lerner et al. (2003). Neuron, 40, 1023-9.

4

Lerner et al. (2006). Neuroimage, 33, 169-79.

5

Steeves et al. (2008). Spat. Vis., 21, 509-29.
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Kelly et al., (2008). J Vis., 8, Abstract 88.
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Background and aims: Complement activation is involved in
a number of retinal diseases including retinal inflammation,
glaucoma and age-related macular degeneration (AMD). We
have shown previously that a number of complement
components involved in the alternative pathway (AP) are
produced in the eye and the AP-mediated complement
activation is involved in retinal inflammation. In this study we
further investigated the expression and regulation of other
complement components involved in the classic pathway (CP)
and the mannose binding lectin (MBL) pathway in mouse
retina.
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CORTICAL ACTIVATION FOR HIGHER-ORDER SPATIAL
PROCESSING IN EARLY MONOCULAR BLINDNESS
K. Kelly1,2, C. Mullin1,2, B. Gallie2, J. Steeves1,2
1
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The Hospital for Sick Children, Toronto, ON, Canada
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Methods: The expression of complement components of the
CP (C1qa, C1qb, C1qc, C1r, C1s, C2 and C4), MBL (MBL1,
MBL2, MASP1, MASP2L, and MASP2S), AP component CFI
and the terminal step of complement activation (C5) in the
retina and RPE/choroid was determined by conventional RTPCR. The effect of inflammatory cytokine TNF-α, IL-6 and INFγ on the expression of those complement components was
tested in vitro in RPE and microglial cells, and examined by
real-time PCR.

It is well documented that early monocular deprivation from
disorders such as strabismus, amblyopia, and cataract result
in behavioural deficits in low-level spatial visual processing.
Consistent with these deficits, neuroimaging has shown
reduced activation in early visual areas of these individuals 1.
Further, higher-order visual deficits in behavioural face
processing have been documented in early monocular
cataract2. More recently, decreased activation in areas known
to code higher-order visual stimuli such as faces, including the
middle fusiform gyrus (fusiform face area, FFA) and the
inferior occipital gyrus (occipital face area, OFA), in amblyopia
and strabismus have been found3,4. A unique form of
deprivation is monocular blindness from early unilateral eye
enucleation as a result of retinoblastoma. This form of visual
deprivation is unique because it results in complete
deafferentation of one half of the visual system. Moreover, it
does not result in deficits in low-level spatial visual processing5
or higher-level face processing6. In fact, behavioural
enhancements in low-level spatial vision have been found
compared to monoculary and binocularly viewing controls. In
the present study, we used functional magnetic resonance
imaging to investigate the neural mechanisms associated with
higher-order vision in individuals with monocular blindness and
compared them to binocularly and monocularly viewing
controls. We used a block design face, place, and object
localizer. Preliminary data show reduced activation in the
earlier visual areas (i.e. OFA) in monocularly blind participants
compared to controls. However, activation was normal in other
areas associated with face processing (i.e. FFA and superior
temporal sulcus, STS). This was surprising given that
behaviourally, these observers perform normally on tasks of
face processing. Because the OFA is a relatively early visual
area it may be more susceptible to the effects of monocular
deafferentation early in life compared to areas further
upstream. This suggests that early monocular blindness

Results: In the CP system, complements C1qa, C1qb, C1qc,
C1r, C1s, and C4, but not C2, were constitutively expressed
by the retina and RPE/choroid. In the MBL pathway, only
MASP1 and MASP2L were detected in retina and
RPE/choroidal tissues. In addition, CFI and C5 were not
detected in any of these tissues. Inflammatory cytokine TNF-α
increased the expression of C1s and C3 in both RPE and
microglia cells. IFN-γ induced a strong up-regulation in C1q,
C1s, C2, and C4 genes in microglial cells. IL-6 only slightly
enhanced C1q and C4 expression and showed no effect on
the expression of other complement genes.
Conclusions: Retinal and RPE/choroidal tissues express a
variety of complement components that are involved in all
three complement pathways. Different inflammatory cytokines
have different effects on the expression of different
complement
components,
suggesting
that
different
complement pathways may be involved in different retinal
disease conditions.
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of Bangladesh. The traditional health practitioners (THPs) rely
on decoctions made from medicinal plants or plant parts to
treat ophthalmic diseases, which decoction can vary widely
between THPs in the various districts of the country. The
objective of this present study was to conduct an
ethnopharmacological survey among the THPs of Chittagong
district, Bangladesh to learn about medicinal plants used to
treat ophthalmic diseases; this knowledge is impressionistic
and not well documented.

Α-CRYSTALLIN AND CYTOCHROME C FORM
MITOCHONDRIAL COMPLEXS WITH MSRA IN LENS AND
HEART CELLS
R. McGreal, L. Brennan, W. Lee, M. Kantorow
Biomedical Sciences, Florida Atlantic University, Boca Raton,
FL, USA

Methods: An open-ended semi-structured questionnaire was
used in collecting field information. Descriptive statistics were
used to analyze the ethnopharmacological data collected.
Factor of informant consensus was used to analyze the
ethnopharmacological importance of the medicinal plants. The
THPs described the signs, symptoms and causes of
ophthalmic diseases. Details of the preparation and use of
medicinal plants for management of ophthalmic diseases were
recorded. All medicinal plants were photographed, collected,
identified, and vouchers were stored at the Bangladesh
National Herbarium.

Background and aims: Oxidation of α-crystallin and
cytochrome c (cyt c) at specific methionine residues results in
loss of their respective chaperone and oxidoreductase
activities. Both α-crystallin and cyt c are methionine-oxidized in
the lenses of Methionine Sulfoxide Reductase A (MsrA)
knockout mice in vivo and we have shown that their activities
are restored through MsrA repair. Cyt c, α-crystallin and MsrA
are co-localized in lens cells suggesting that they may form
functional complexes in specific cells where they are
expressed. Here, we examined possible interactions between
α-crystallin and cyt c in lens and heart cells as a first step
towards establishing a possible role for these proteins in
maintenance or control of cyt c functions.

Results: The collected information showed that the following
medicinal plants were used to treat ophthalmic diseases:
Argemone mexicana (L.), Bambusa vulgaris Schrad., Citrus
aurantifolia (Christm.) Swingle, Emilia sonchifolia (L.) DC. Ex
Wight, Euphorbia thymifolia (L.), Ficus benghalensis (L.),
Hemidesmus indicus (L.) R.Br., Hibiscus rosa-sinensis (L.),
Tabernaemontana divaricata (L.) R. Br. ex Roem. & Schult.,
Kaempferia galanga (L.), Piper betle (L.), Sesbania grandiflora
(L.) Poiret, Solanum nigrum (L.), Tagetes erecta (L.),
Terminalia chebula Retz., Vitex negundo (L.), Withania
somnifera (L.) Dunal, Aquilaria agallocha Roxb., Euphorbia
royleana Boiss., Gendarussa vulgaris Nees., Ricinus
communis (L.), Abrus precatorius (L.), Achyranthes aspera
(L.), Allium cepa (L.), Nigella sativa (L.), Azadirachta indica A.
Juss., Curcuma longa Linnaeus, Ocimum gratissimum (L.),
and Brassica napus (L.). It was noted in this
ethnopharmacological survey that the patients were quite
satisfied with treatment by the THPs.

Methods: Levels of total α-crystallin were examined by RTPCR and western analysis in cultured human lens epithelial
cells (HLEB3), mouse fibroblast (L929) and heart cells. Protein
complexes were analyzed by co-immune precipitation using
extracts from HLEB3 cells and whole mouse heart. Colocalizations of α-crystallin and cyt c were also performed by
immunofluorescent staining and visualized by confocal
microscopy. Spectro-photometric assays were performed to
determine whether α-crystallin can directly protect cyt c
against methionine oxidation.
Results: High levels of α-crystallin, MsrA and cyt c were
detected in HLEB3 cells at the transcript and protein levels.
Cyt c and α-crystallin formed stable complexes that were
detected in both lens and heart cells. In lens cells these
complexes preferentially resided in the mitochondria. αcrystallin protected cyt c against methionine sulfoxide
inactivation.

Conclusions: Since allopathic medicine does not have a cure
for ophthalmic diseases, the above-mentioned medicinal
plants are potentially interesting for discovery of novel
compounds, which can be effective in alleviating ophthalmic
diseases.

Conclusions: These results suggest that MsrA, α-crystallin
and cyt c form complexes in lens epithelia and heart cells (αBcrystallin). They also suggest MsrA and α-crystallin may
function to modulate the activities of cyt c in these tissues
which include regulation and/or maintenance of oxidative
phosphorylation and apoptosis.
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AN ANIMAL MODEL OF INTRACRANIAL PRESSURE
MEASUREMENTS IN RELATION TO INTRAOCULAR
PRESSURE

P382

M. Mosallaei1, M. Mehdizade2, M. Razeghinejad2

OBSERVATIONS ON THE TRADITIONAL PHYTOTHERAPY
FOR OPHTHALMIC DISEASES AMONG THE
INHABITANTS OF THE CHITTAGONG DISTRICT IN
BANGLADESH

1

Ophthalmology, Shiraz University of Medical Sciences,
Poostchi Eye Research Center, 2Shiraz University of Medical
Sciences, Shiraz, Iran

M.A.H. Mollik1,2

Aim: To evaluate any correlation between Intraocular
pressure(IOP) and Intracranial pressure (ICP) in an animal
model.

1

Epidemiology, Biostatistics, Community Nutrition and
Noncommunicable Diseases, Peoples Integrated Alliance,
2
Biotechnology and Genetic Engineering, University of
Development Alternative, Dhaka, Bangladesh

Methods: Fifteen mature dogs were divided into three equal
groups. Under general anesthesia, the IOP and ICP, were first
determined . Group 1 received timolol , group 2 latanoprost
and group 3 underwent trabeculotomy in a single eye. After
two weeks and also one month later, the IOP and ICP were
measured again.

Background and aims: Over the years, the field of
ophthalmology has undergone an enormous expansion in
clinical trials and basic research as well as in cutting-edge
technology. The growing challenges of ophthalmic diseases,
including macular degeneration, conjunctivitis, diabetic
retinopathy, cataract, refractive surgery, and glaucoma has
reached epidemic dimensions, and a myriad of treatment
possibilities are being explored in different directions. Because
of the high cost of allopathic medicine, traditional medicine
plays a vital role in providing primary health-care to the people

Results: At the beginning of the study (before drug
administrations or surgery ) the correlation between primary
IOP and primary ICP was not statistically significant (n=15,
17.50mmHg vs. 7.6cmH2O ; r=0.15; p=0.95), while after 2
weeks , and also four weeks, there was a considerable
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negative linear correlation between these two measures
(n=15, 11.06mmHg vs. 11.73cmH2O, r= - 0.595; p=0.01) and
(n=15 ,10.06 mmHg vs. 11.83 cmH2O ; r=- 0.570; p=0.02) ,
respectively. According to the triple measurements and sorting
of the data, we achieved 45 numbers of a wide range of
intraocular and intracranial pressures. Likewise, there was a
negative linear correlation between IOP and ICP. (n=45; r=0.67; p=0.001) Fitting multiple regression formula made a
model to show this correlation.

HISTOPATHOLOGY OF PHOTORECEPTOR
DEGENERATION INDUCED BY IODOACETIC ACID IN THE
PORCINE EYE
P. Scott, J. Sandell
Anatomy and Neurobiology, Boston University School of
Medicine, Boston, MA, USA

Conclusion: Our results showed a negative linear correlation
between IOP and ICP.

Background and aims: Photoreceptor (PR) degeneration
induced by iodoacetic acid (IAA) has been demonstrated in the
rat, ground squirrel, and rabbit; however, these animals have
ocular anatomy and retinal histology that is quite different from
humans, so the usefulness of the IAA model has been limited.
Porcine eyes are similar to human eyes and are widely used
for testing therapeutic strategies to treat retinal disease in
humans. Therefore, this study investigated whether IAA also
produced PR degeneration in the porcine retina, whether the
damage was preferential for rods vs. cones, and whether IAA
induced remodeling of the inner retina.

P384
TITLE: VITAMINS B1, B2, B6 AND B12 AND FOLIC ACID
LEVELS AND DIABETIC RETINOPATHY
A. Satyanarayana1, P. Lopamudra1, P. Suryanarayana1, N.
Balakrishna1, K. Viswanath2, G. Bhanuprakash Reddy1
1

Ocularbiochemistry, National Institute of Nutrition,
Ophthalmology, Pushpagiri Vitreo Retina Institute,
Hyderabad, India

Methods: Pigs were given a single injection of IAA i.v. (5.0
mg/kg, N=7; 7.5 mg/kg, N=10; 10.0 mg/kg, N=10; 12.0 mg/kg,
N=6) and were euthanized 2-5 weeks later. Eyes were studied
from 13 control pigs. Eyes were fixed in 2%
paraformaldehyde/2%
glutaraldehyde
or
4%
paraformaldehyde in PO4 buffer. A vertical strip of retina was
processed for immunohistochemistry (IHC) and conventional
histology. Rows of nuclei in both nuclear layers were counted
8 mm above the dorsal margin of the disc, 2 mm dorsal to the
disc, 2 mm and 8 mm below the disc to quantify PR
degeneration. Peroxidative and double-label fluorescent IHC
were used to label PR populations and probe for remodeling of
the inner retina.

2

A few studies suggest that diabetic patients have alterations in
some nutritional factors and altered levels of those nutritional
factors may eventually lead to the development of secondary
complications. However, adequately controlled studies that
establish the role of micronutrients in the pathogenesis of
diabetic retinopathy are not available. In the present study we
have evaluated the association between the levels of B
vitamins (B1, B2, B6 and B12) folic acid with diabetic
retinopathy. A hospital based case control study was
conducted with one hundred fifty subjects of type 2 diabetes
mellitus patients diabetes with retinopathy (DR) (n═85) and
diabetes without retinopathy (DNR) (n═65) in addition to 45
normal control (CN) subjects based on strict inclusion and
exclusion criteria where diabetic subjects on nutritional
supplements and history of nephropathy and other
complications were excluded. Subjects matched for age and
duration of diabetes were included in the study, based on
ophthalmic examination including fundus flourescien
angiography photographs, subjects were classified as DR or
DNR. The biochemical parameters such as FBS (Fasting
Blood Glucose), HbA1c and lipid profiles (TC, TG, HDL, LDL)
were analyzed using kit methods. The levels of vitamin B1 and
B2 in whole blood and plasma levels of B6 were measured by
HPLC methods. Plasma levels of B12 and folic acid were
measured by radioimmuno assay method. Biochemical profiles
such as FBS (221±87 mg/dl DNR and 210±83 mg/dl DR), TC
(185±45 DNR and 188±58 g/dl DR), HDL (23±6 DNR and
21±7 mg/dl DR) and LDL (117± 35 DNR and 119± 33 mg/dl
DR) showed no statistical differences between DNR and DR
groups. HbA1c levels were significantly different between the
three groups (6.6±1.2 CN, 10±3.5 DNR and 12±4.4 DR P <
0.007). The levels of B1 (58±15 CN, 72±20 DNR and 73±27
ng/ml DR) were not different between DNR and DR. Vitamin
B2 levels were (233±52 CN, 228±43 DNR and 255±57 ng/ml
DR) showed no statistical difference. Plasma B6 levels were
significantly lower in diabetic compared to normal group,
however there were no difference between DNR and DR
groups (21±9 CN, 13±7 DNR and 15±8 ng/ml DR).Serum folic
acid levels were lower in diabetic subjects, however present in
the normal range of reference values (11±8 CN, 9±4 DNR, 7±4
ng/ml DR P< 0.007). This study revealed that plasma vitamin
B12 levels (525±325 CN, 314±300 DNR and 187±175 pg/ml
DR) were significantly lower (P< 0.007) in diabetes with
retinopathy patients.

Results: Pigs treated with IAA at 7.5, 10.0, and 12.0 mg/kg
exhibited reduction in the length of PR inner and outer
segments and a significant loss of PR nuclei from the ONL,
compared to control eyes. Retinae from pigs treated with 7.5
or 10.0 mg/kg IAA exhibited mild dendritic retraction of rod
bipolar cells and hypertrophy of Müller cell stalks, respectively,
with little change in the INL. Massive dropout of rod nuclei with
relative sparing of cone nuclei was evident in all tested
locations in pigs treated with 7.5 or 10.0 mg/kg IAA.
Conclusions: IAA at 7.5-12.0 mg/kg induces rapid, robust PR
degeneration in the porcine eye that appears more detrimental
to rods than cones, while inducing subtle changes in the
structure of cells of the inner retina. This may be a useful
model for development of interventions that can eventually be
applied to humans with PR degeneration. [Supported by the
Discovery Eye & Lincy Foundations, and the American
Optometric Foundation Ezell Fellowship; we thank our
collaborators in the Dept. of Ophthalmology, University of
Louisville, Louisville KY for providing these eyes to us.]
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VETERANS AFFAIRS BOSTON HEALTHCARE SYSTEM
QUALITY ASSURANCE STUDY FOR TONOSAFE
DISPOSABLE TONOMETER PRISMS: RELIABILITY OF
INTRAOCULAR PRESSURE MEASUREMENTS
V. Thomas1,2, T. Cakiner-Egilmez1, E. Baker1, M.K. Daly1,2
1

Veterans Affairs Boston Healthcare System, 2Boston
University School of Medicine, Boston, MA, USA
Aims: The use of reusable medical equipment carries a
potential risk of transmissible disease/infection and injury due
to inadequate sterilization processes. The VA Boston
Healthcare System recently introduced single-use Tonosafe
disposable tonometers as a replacement for Goldmann
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tonometers to measure intraocular pressures (IOP) in eye
clinics. The Tonosafe can eliminate the risk of cross infection
caused by improper sterilization and the risk of corneal injury
caused by residual cleansing solutions on reusable Goldmann
tonometers. The aim of this large-scale quality assurance trial
was to assess the suitability of the Tonosafe disposable
tonometer prisms for clinic-wide implementation in an
academic tertiary referral setting and to assess the reliability of
IOP measurements of the Tonosafe disposable compared to
Goldmann tonometers, particularly at extremes of pressures.

Results: The response rate was 45.5% (40/88), though some
participants did not respond to every question. Eighty percent
(32/40) of the facilities trained ophthalmology residents.
Regarding cataract surgical technique, 50.0% (20/40) of
facilities used topical/intracameral anesthesia and 85.0%
(34/40) used a clear-corneal incision. At 82.5% (33/40) of
facilities, systemic anti-thrombotic agents were not routinely
discontinued prior to surgery. When systemic anti-thrombotic
agents were not discontinued, the surgical approach would be
modified in 30.8% (12/39) of facilities, including changing the
type of anesthesia (17.9%, 7/39) or incision (5.1%, 2/39). Most
respondents reported no serious ocular hemorrhagic events at
their facilities from continuing systemic anti-thrombotic agents
(92.3%, 36/39) or serious thrombotic events from discontinuing
them (94.4%, 34/36). Most respondents (75.0%, 30/40) also
reported greater concern over a perioperative thromboembolic
event from stopping anti-thrombotic agents than a
perioperative ocular hemorrhage from continuing them.

Methods: Ophthalmology resident physicians measured the
IOP of 382 patients with the gold standard Goldmann
tonometers and the newly introduced single-use disposable
Tonosafe tonometers over a two month period at general and
specialty eye clinics in the VA Boston Healthcare System. The
order of the two testing methods was counterbalanced, with
half of the patients tested with Tonosafe first. The data were
statistically analyzed to determine the reliability of
measurements based on three hypotheses: strength of
relationship (r = 0.95), slope = 1, and intercept = 0. Subgroup
analyses by extremes of pressures and by experience of
residents were performed.

Conclusions: Systemic anti-thrombotic therapy is usually not
discontinued prior to cataract surgery in the US VHA, though
the surgical approach may be modified for patients on these
agents. Further research is needed to better establish current
practice patterns for patients on anti-thrombotic therapy
receiving cataract surgery outside the VHA.

Results: The IOPs of 708 eyes of 382 patients were
measured, with a range of 0-72 mmHg. The Pearson-ProductMoment-Correlation, r, was 0.93-0.95, with linear regression
slope 0.85-0.98. The intercept varied depending on IOP:
Tonosafe was on average 1 mmHg +/- 0.02 higher than the
Goldmann, but approximately 3 units higher when Goldmann
IOP > 19 mmHg. Subgroup analyses showed high correlation
at low IOP, but divergence at IOP > 19 mmHg. As level of
experience increased, correlation between measurements
increased: first year (r=0.91), second year (r=0.94), and third
year residents (r=0.96).

P388
SPECTRAL TRANSMITTANCE OF THE OCULAR SCALE
OF SNAKES AND GECKOS
K. van Doorn, J. Sivak
School of Optometry, University of Waterloo, Waterloo, ON,
Canada

Conclusions: Although IOP measurements with the Tonosafe
disposable correlated closely with the Goldmann tonometer for
lower pressures, this correlation was lost when Goldmann
IOPs measured greater than 19 mmHg in our study. This
suggests that IOP measurements by Tonosafe alone may not
be appropriate in all settings, particularly for glaucoma patients
or glaucoma suspects. This study also demonstrates the
results a facility may expect if the Tonosafe is rapidly
introduced into an environment with providers of varying levels
of experience.

Background: The eyes of certain reptiles, particularly those of
snakes and non-eublepharine geckos, are shielded beneath a
protective layer of transparent skin. Termed the “reptilian
spectacle”, this structure has a dermal component composed
of live tissue and an external, corneous scale thought to be
composed largely of the protein keratin. Because these
animals do not have eyelids that can shield the eye from
damaging radiation and because some species are known to
perceive UVA wavelengths (at least down to 350 nm, and
possibly 320 nm in some species), the transmittance of the
spectacle scale may play a role in balancing the need for UVprotection and UV-vision. Presented here are findings on the
spectral transmittance of the ocular scale of geckos and
snakes in the range covering the far ultraviolet (UVC) to the
very near infrared (NIR), or 200-750 nm.

P387
ANTITHROMBOTIC MANAGEMENT IN PATIENTS
UNDERGOING CATARACT SURGERY
V. Tseng1,2, C. Chen1,2, W.-C. Wu3,4, I. Scott5, P.
Greenberg1,2,4

Methods: Shed skins from 2 geckos and 47 snakes
(representing 35 species) were collected from various sources
including zoos and pet owners and the transmittances of the
spectacle scales were assessed using a Varian Cary 500
spectrophotometer.

1

Section of Ophthalmology, VA Medical Center, 2Division of
Ophthalmology, Warren Alpert Medical School of Brown
University, 3Medicine Service, VA Medical Center,
4
Department of Medicine, Warren Alpert Medical School of
Brown University, Providence, RI, 5Departments of
Ophthalmology and Public Health Sciences, Penn State
College of Medicine, Hershey, PA, USA

Results: It was found that the gecko spectacles exhibit
transmittance spectra that closely parallel the spectrum of
keratin (Fig. 1), suggesting a composition very near that of
pure keratin. Those of snakes however exhibit attenuation of
the shorter wavelengths (Fig. 2), indicating the presence of
UV-absorbing, scattering or reflecting components, all of which
suggest a putative role in UV protection. Furthermore,
variation is shown between species, particularly in the UV
cutoff wavelengths.

Background and aims: There is currently no strong evidence
for either continuing or discontinuing systemic anti-thrombotic
therapy (warfarin and antiplatelet agents) prior to cataract
surgery. Knowledge of current practice patterns may provide
cataract surgeons with guidelines for perioperative antithrombotic management.
Methods: An eight question anonymous survey was created
on www.surveymonkey.com and sent to the 88 Chiefs (or
Acting Chiefs) of Ophthalmology within the United States (US)
Veterans Health Administration (VHA).
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Methods: Enucleated adult mouse eyes were embedded in
OCT
and
cryosections
were
prepared
for
immunohistochemical studies using the avidin-biotinperoxidase complex (ABC) procedure. In addition, fresh
dissected mouse corneas and retinas were homogenized,
samples were incubated overnight at 37°C in the absence or
presence of 1 U peptide-N-glycosidase F (PNGaseF),
analyzed by western blot according to the manufacturer´s
instructions.
Results: CD133 immunoreactivity was detected at the apical
side of the superficial corneal epithelium, including the limbus
region, but not in the stroma or the endothelium. CD 133
positive staining was found in the photoreceptor cell layers of
retina. 115-kDa protein was confirmed both in cornea and
retina tissues. Also PNGaseF treatment yielded the 94-kDa
product of N-glycosylated form of prominin by westernblot.
Conclusions: The data support the evidence that CD133
expression characterises a population of cells within the
resident adult mouse cornea epithelium and retina which have
progenitor cell properties. The findings show that clinically
accessible CD133(+) hematopoietic cells are capable of
regenerating the injured cornea epithelium and retinal neural
cells, differentiate into cells with significant equal morphology
and provide therapeutic functional recovery of the visual cycle.
The study explored the biological characteristics of CD133(+)
cells so as to provide experimental basis for potential use in
regenerative medicine.

[Figure 1: Transmittance of Gecko Spectacle Scales]

P390
FUNDAMENTAL BEHAVIORS AND RESPONSE TO
LATRUNCULIN B OF HUMAN TRABECULAR MESHWORK
CELLS ARE IMPACTED BY SUBSTRATE COMPLIANCE
J.A. Wood1, C.T. McKee1, N.M. Shah1, C.J. Murphy2,3, P.
Russell1
1

Department of Surgical and Radiological Sciences, School of
Veterinary Medicine, University of California, Davis,
2
Department of Surgical and Radiological Sciences, School of
Veterinary Medicine, 3Department of Ophthalmology and
Visions Science, School of Medicine, University of California,
Davis, CA, USA

[Figure 2: Transmittance of Snake Spectacle Scales]

Background: Our lab has recently demonstrated that the
compliance or pliability of human trabecular meshwork (HTM)
decreases (becomes stiffer) in glaucomatous donors
specimens as compared to normal donors. Compliance of the
extracellular matrix has been shown to influence fundamental
cell properties, both independently and in coordination with
biochemical cues. Several reports have suggested that
latrunculin B might lower IOP in glaucoma because it
interferes with actin polymerization. The aim of this study was
to investigate the impact of substrate compliance on the
cellular response to latrunculin B.

Conclusions: Based on their attenuation of shorter
wavelengths, the spectacle scales of snakes may have
evolved a composition that balances UV-vision with UVprotection. The degree to which this occurs varies between
species, possibly with phylogeny and ecology, although this
work is inconclusive in that respect. The spectacle scales of
geckos (or at least the 2 species investigated) seem not to
provide any UV-blockage above and beyond that which is
conferred by keratin.

Methods:
Polyacrylamide hydrogels
with measured
compliance values of 25, 50, and 75kPa, which were above
the normal HTM compliance of 4 kPa, were synthesized.
Tissue culture plastic (TCP-GPa compliance value) was used
as a control substrate. They were then coated with a molecular
layer of a fibronectin/collagen mixture resulting in an identical
surface chemistry. HTM cells from donors were then plated on
the gels and analysis of cell morphology, cytotoxicity,
cytoskeletal disruption, cell adhesion and proliferation was
performed. The time needed to recover a normal morphology
following latrunculin B exposure and subsequent removal by
rinsing was also determined.

P389
PROMININ PREDICTOR OF OUTCOME IN MOUSE EYE
F. Wang1, B.-L. Song1, B. Yang2, Y. Ju1
1

Ophthalmology Department, Changchun University Hospital
of Chinese Medicine, 2Thoracic Surgery Department, ChinaJapan Union Hospital of Jilin University, Changchun, China
Background
and
aims:
The
recently
identified
transmembrane protein prominin is expressed in somatic stem
cells of various adult tissues, and it is considered a stem cell
marker. The study was issued to investigate the gene
expression of CD133(+) cells in mouse tissue and to define a
clinically significant population of hematopoietic enriched cells.

Results: HTM cells were more adherent on softer surfaces
independent of latrunculin B treatment. Significantly greater
numbers of HTM cells were present after 24 hours following
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latrunculin B and control treatment on softer (25kPa) gels as
compared to harder (75kPa) gels or even TCP. This data
demonstrates a preference by the HTM cells for softer
environments. The recovery time of HTM cells following
latrunculin B treatment is a function of both dose (ranging from
0.2µM to 1.0µM) and the compliance of the substratum. For a
given dose of latrunculin, cells on more compliant surfaces
experienced a lesser degree of morphological disruption and
recovered faster than cells on stiffer substrates. Finally, cell
proliferation was not impacted by latrunculin B treatment;
which is consistent with previous reports. This finding
demonstrates that substrate compliance profoundly influences
the response of HTM cells to latrunculin B.

THE EFFECT OF GRID LASER PHOTOCOAGULATION ON
CONE PHOTORECEPTORS
Y.-J. Jo1, T. Iwase2, S. Usui2, S.-Y. Lee2, B. Oveson2, J.
Shen2, L. Lu2, P. Campochiaro2
1

Chungnam National University, Daejeon, Republic of Korea,
Johns Hopkins University School of Medicine, Baltimore, MD,
USA
2

Purpose; To determine the effect
photocoagulation on cone photoreceptors.

Conclusions: Simulation of pathologically relevant, compliant
matrices was found to influence HTM cell adhesion and
morphological disruption in response to latrunculin B
treatment. This study demonstrates that the compliance of the
tissue environment profoundly influences fundamental cell
behavior and the response of the HTM morphology to
latrunculin B treatment. The data suggest that decreasing
compliance of the meshwork in glaucomatous globes would
increase the relative effectiveness of treatment with latrunculin
B.

of

grid

laser

Methods: C57BL/6 mice were irradiated with diode laser
photocoagulation using a 100 mm spot size and sufficient
power to get a faint gray burn in a grid pattern with burns
separated by one burn width. At various times after laser the
generation of superoxide radicals in the retina was assessed
by the level of fluorescence in retinal sections one hour after
intravenous injection of hydroethidine (HDE) and oxidative
damage was measured by staining for 4-hydroxy-2-nonenal
(HNE). Cone cell density was measured by confocal
microscopy of retinal flat mounts stained with rhodamineconjugated peanut agglutinin (PNA).
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Results: Unexpectedly some cones at relatively low density
survived within gray low-intensity laser burns and were
eliminated by increasing the power to create dense white
burns. Cone density was not reduced in regions adjacent to
laser burns, but cone morphology and orientation was altered.
There was increased fluorescence in the outer nuclear layer
(ONL) overlying areas of grid laser photocoagulation after
intravenous injection of HDE indicating increased generation
of superoxide radicals, and increase staining for HNE
suggesting oxidative damage.

THE MECHANISMS OF ACTION OF INTRAVITREAL
TRIAMCINOLONE ACETONIDE ON DIABETIC
RETINOPATHY
X. Zhang, M. Gillies
Department of Opthalmology, University of Sydney, Sydney,
NSW, Australia
Background and aims: To elucidate the mechanism of the
unique beneficial effect of intravitreal steroid therapy on
diabetic macular edema, we investigated the effect of locally
administered triamcinolone acetonide (TA) on the expression
of Vascular Endothelial Growth Factor (VEGF-A) and its
receptors in streptozotocin (STZ) induced diabetic rat retinas.
We then correlated the expression of these proteins with
breakdown of the blood-retinal barrier (BRB).

Conclusions: These data suggest that the morphology and
orientation of cones adjacent to laser burns is altered which
could be a source of distorted vision. Regions of grid laser had
evidence of oxidative stress and damage, which could be a
source of progressive damage.
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Methods: 32 eyes of 16 diabetic and non-diabetic rats were
divided into four groups. TA was injected into the vitreous of
the right eye and saline was injected into the left eye (control).
Retinas were harvested 48h following treatment. mRNA and
protein expression of VEGF-A, VEGF receptor 1 (Flt-1) and
VEGF receptor 2 (Flk-1) were determined with real time RTPCR and immunohistochemistry. BRB permeability was
quantitated by measuring extravasated endogenous albumin
and retinal thickness.

CHOROIDAL MELANOMA TREATED WITH IODINE 125
BRACHYTHERAPY: RISK OF REFRACTORY DISEASE
S. Reich, B. Dilman, J. Cohen
Department of Ophthalmology, Rush University Medical
Center, Chicago, IL, USA
Background: Choroidal Melanoma is an uncommon
malignancy with an annual incidence of approximately 6
individuals per million persons, with roughly 1,400 new cases
in the United States each year.1 The Collaborative Ocular
Melanoma Study (COMS) revealed no difference in 5-year allcause mortality for large- and medium-size choroidal
melanomas when treated with enucleation or brachytherapy. 2
The study identified several risk factors for either enucleation
or brachytherapy failure.

Results: Diabetes- induced retinal thickness and albumin
extravasation were significantly reduced in TA-treated diabetic
retinas to a level that was similar to sham treated diabetic
eyes. A close correlation between albumin leakage and
increased expression of both Vegf-a and Flk-1 was noted in
the diabetic retinas. TA down-regulated the expression of
Vegf-a and Flk-1, but up-regulated the expression of Flt-1. TA
did not alter the expression of these genes in non-diabetic
retinas.

Purpose: To review cases of choroidal melanomas treated
with plaque brachytherapy (iodine 125) and evaluate
presenting ocular exam findings, treatment course, and their
correlation with a poor outcome as well as response to
treatment.

Conclusions: Intravitreal injection of TA stabilizes the BRB in
association with regulation of VEGF-A, FLK-1 and FLTt-1
expression in early diabetic rat retinas.

Methods: A retrospective chart review was performed
identifying patients diagnosed with choroidal melanoma
treated with plaque brachytherapy including those who
subsequently underwent enucleation due to refractory disease
between 1985 - 2008 in a single tertiary care center practice
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with at least one year of follow up. Data included: age, sex,
tumor size, intraocular pressure, visual acuity, presence or
absence of retinal detachment (RD) at diagnosis; radiation
dosage; development of metastases and enucleation (if
applicable). Logistic regression was performed to assess
whether RD at the time of diagnosis was predictive of poor
response to radiation as defined by metastatic disease, need
for enucleation, or both.
Results: 66 patients were diagnosed with choroidal melanoma
and treated with plaque brachytherapy. Of these, 17 patients
were found to have RD at diagnosis and the other 49 did not.
Of the 17 patients presenting with RD, 7 had poor response to
therapy (41%). Of the 49 who did not have RD at presentation,
only 4 patients had a poor response to therapy (8%).
Preliminary analysis reveals that choroidal melanoma patients
with RD at diagnosis were greater than 7 times as likely as
those without detachment to ultimately progress to poor
outcome such as metastatic disease or need for enucleation
(OR=7.88; 99% CI 1.48-41.93).
Conclusions: In patients with choroidal melanoma treated
with plaque brachytherapy (iodine 125), the finding of an RD at
presentation is a statistically significant risk factor for
progression to metastasic disease or enucleation.
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