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EFFECT OF PF-04217329 A PRO-DRUG OF A SELECTIVE PROSTAGLANDIN EP2 AGONIST ON INTRAOCULAR PRESSURE IN PRECLINICAL MODELS
OF GLAUCOMA
Purpose: While prostaglandin FP analogs are leading the therapeutic intervention for glaucoma, new target classes also are being identified with new
lead compounds being developed for IOP reduction. One target class currently being investigated includes the prostaglandin EP receptor agonists.
Recently PF-04217329 (Taprenepag isopropyl), a prodrug of CP-544326 (active acid metabolite), a potent and selective EP2 receptor agonist, was
successfully evaluated for its ocular hypotensive activity in a clinical study involving patients with primary open angle glaucoma. The preclinical
attributes of CP-544326 and PF-0421329 will be presented.
Methods: PF-04217329 and active acid metabolite, CP-544326 were evaluated in cell based assays for receptor binding and EP2 receptor functional
activity were used. Rabbits were used for assessing corneal permeability, ocular pharmacokinetic studies, EP2 receptor activation and IOP, whereas
normal dogs and lasered ocular hypertensive cynomolgus monkeys were also used for IOP studies.
Results: CP-544326 was found to be a potent and selective EP2 agonist (receptor binding IC50 = 10 nM; functional activity EC50 = 0.25 nM) whose
corneal permeability and ocular bioavailability were significantly increased when the compound was dosed as the isopropyl ester prodrug,
PF-04217329. Topical ocular dosing of PF-04217329 was well tolerated in preclinical species and caused an elevation of cAMP in aqueous
humor/iris-ciliary body indicative of in-vivo EP2 target receptor activation. Topical ocular dosing of PF-04217329 resulted in ocular exposure of
CP-544326 at levels greater than the EC50 for the EP2 receptor. PF-04217329 when administered topically once daily caused between 30-50% IOP
reduction in single day studies in normotensive Dutch-belted rabbits, normotensive dogs, and laser-induced ocular hypertensive cynomolgous monkeys
and 20-40% IOP reduction in multiple day studies compared to vehicle-treated eyes. IOP reduction was sustained from 6h through 24h following a
single topical dose.
Conclusions: Preclinical data generated thus far appear to support the clinical development of PF-04217329 as a novel compound for the treatment
of glaucoma.
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PRODUCTION OF HUMAN TRABECULAR MESHWORK CELL-LINES EXPRESSING FLUORESCENT RFP-GRALPHA AND EGFP-GRBETA RECEPTORS
Purpose: Purpose: There are two human glucocorticoid receptor isoforms termed GRα and GRß. While GRα undergoes hormone–dependent
translocation from the cytoplasm to the nucleus, GRß is primarily nuclear. GRß acts as a dominant negative regulator of GC activity, a mechanism
proposed to occur by dimerization. However, the proposed model of dimerization is not proven yet. Currently we report the production of the first
human trabecular cell-line expressing both RFP-GRα and EGFP-GRß that will allow characterization of trafficking as well as protein-protein interaction of
both steroid receptors.
Methods: Methods: Transfection of RFP-GRα and EGFP-GRß was used to increase the expression of RFP-GRα and EGFP-GRß in NTM5, a human
trabecular meshwork cell-line. Cytosol and nuclear fractions were isolated followed by immunoprecipitation using specific GRα and GRß antibodies.
Western blotting and confocal microscopoy was used to measure the overexpression and nuclear accumulation of RFP-GRα and EGFP-GRß in NTM5
cells treated with ethanol, dexamethasone (DEX), or RU486.
Results: Results: NTM5 cells transfected with RFP-GRα showed a clear cytosolic localization of receptor that underwent nuclear localization after
dexamethasone treatment as judged by both western blot and confocal microscopy. However, while endogenous GRß was primarily nuclear-bound,
NTM5 cells transfected with EGFP-GRß showed a predominant cytosolic localization of receptor that underwent nuclear localization after RU486
treatment as judged by both western blot and confocal microscopy. In cells expressing both RFP-GRα and EGFP-GRß receptors, a clear co-localization of
both receptors was observed in nucleus following DEX treatment.
Conclusions: Conclusions: We have, for the first time, produced human trabecular meshwork cell-lines expressing RFP-GRα receptor, EGFP- GRß and
both fluorescent receptors. RFP-GRα receptor behaves typically like the wild type GRα in terms of its cytosolic localization and shuttling to nucleus after
DEX treatment. However, unlike the wild type GRß receptor that is nuclear-bound, the EGFP-GRß receptor is primarily cytosolic but appears to
translocate to nucleus following RU-486 treatment. Although it has been reported that GRß exerts a negative effect on GRα 's action in the nuclear
region, this is the first direct evidence for co-localization of RFP-GRα and EGFP-GRß in nucleus of TM after DEX treatment. These human cell-lines are
valuable tools for studying trafficking of GRα and GRß and drug screening.
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ADENOSINE ANALOGS AS OCULAR HYPOTENSIVE AGENTS
Purpose: Studies have shown that the administration of adenosine agonists to rabbits, mice, monkeys, and humans can produce complex changes in
intraocular pressure (IOP).
Methods: Changes in IOP, aqueous flow, and total outflow facility were then determined at various times after adenosine agonists administration .
Results: The majority of these studies have concluded that the activation of adenosine A(1) receptors within the anterior segment lowers IOP. This
reduction in IOP likely involves multiple sites in the anterior segment; however, functionally the decrease in IOP was due to an increase in conventional
outflow facility. Recent clinical studies have provided evidence that the topical application of selective adenosine A(1) agonists can lower IOP in man.
Conclusions: Taken together, these studies support the idea that adenosine A(1) agonists can provide a novel approach to lower IOP in glaucomatous
individuals.
Sponsor: NIH/NEI EY009741
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DAY AND NIGHT CHANGES IN IOP AND AQUEOUS HUMOR DYNAMICS OF PATIENTS WITH OCULAR HYPERTENSION TREATED WITH THREE
GLAUCOMA DRUGS
Purpose: This study compares the 24 hour variations in aqueous humor dynamics of one outflow and two inflow glaucoma drugs.
Methods: This is a double-masked crossover nine visit study of 30 volunteers with ocular hypertension. The day and night differences in aqueous
humor dynamics were determined at baseline (washout) and following two weeks of treatment with latanoprost, timolol and dorzolamide in a
randomized crossover design with a 6 week washout between drugs. Day and night assessments were made of aqueous flow (Fa, µL/min) by
fluorophotometry, outflow facility by tonography (Cton, µL/min/mmHg), and central cornea thickness (CCT, µm) by pachymetry. Uveoscleral outflow (Fu)
was calculated by the Goldmann equation. IOPs (mmHg) were made by pneumatonometry with the subject in a seated position during the day (9AM
and 11AM) and both seated and supine positions at night (10PM, midnight, 2AM). Comparisons among the drugs were made by repeated measures
ANOVA and day and night comparisons were made by two-tailed, paired t-tests.
Results: At baseline, significant nighttime compared to daytime changes were reductions in seated IOP, aqueous flow and uveoscleral outflow and
increases in CCT and habitual IOP (seated IOP during the day and supine at night, P
Conclusions: The daytime IOP effects of timolol and dorzolamide are mediated by aqueous humor suppression and for latanoprost by uveoscleral
outflow stimulation. Aqueous humor suppression is an ineffective means of lowering IOP at night because of the natural reduction in nocturnal aqueous
flow. The finding that IOP is reduced by timolol at 9AM suggests that timolol blocks the normal aqueous flow rise in the morning. Uveoscleral outflow
stimulation reduces IOP at night but normal physiological reductions in uveoscleral outflow limit the nighttime IOP effect.
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TGFΒ INDUCES LYSYL OXIDASE (LOX) EXPRESSION VIA SMAD AND NON SMAD SIGNALING IN HUMAN TRABECULAR MESHWORK CELLS
Purpose: Glaucoma is associated with elevated intraocular pressure (IOP) due to increased aqueous outflow resistance in the trabecular meshwork
(TM). Increased deposition of extracellular matrix (ECM) material in the TM appears to be responsible for this glaucomatous IOP elevation. Lysyl oxidase
(LOX) is a collagen and elastin polymer cross-linking enzyme, and recent genome wide association studies showed that SNPs in LOXL1, a LOX family
member, significantly increased the risk of developing exfoliation glaucoma. Elevated levels of TGFß2 are observed in aqueous humor of glaucoma
patients. TGFß2 has been shown to increase ECM deposition and induce tissue transglutaminase-2, another cross-linking enzyme, in human TM cells.
The objective of the current study was to (a) evaluate the effect of exogenous TGFß1-3 on LOX and LOXL1-4 mRNA and protein induction in cultured
human TM cells and (b) determine which downstream signaling pathway(s) is utilized by TGFß2 to control LOX and LOXL protein expression.
Methods: Primary TM cells were cultured in DMEM containing 10% FBS and transferred to serum free medium for 24 hrs prior to 48 hours of 5 ng/ml
of TGFß1-3 treatment. Both cell associated and secreted LOX protein levels as well as phosphorylated signaling molecules were analyzed using
Western immunoblotting. mRNA levels were determined by quantitative real time RT-PCR.
Results: Cell associated and secreted LOX proteins and the mRNA of the LOX genes were induced by the 3 isoforms of TGFß. Blocking TGFß receptor
(TGFBRI/II) signaling by small molecule TGFBR inhibitors (e.g. LY-364947 and SB-431542) resulted in inhibition of TGFß-induction of LOXs. Exogenous
TGFß1-3 activated both JNK and SMAD signaling in human TM cells. Blocking JNK signaling with the small molecule inhibitor SP600125 or SMAD
signaling with SIS3, diminished TGFß-induction of LOX and LOXL proteins. The AP-1 inhibitor, SR11302, also mitigated TGFß upregulation of LOX and
LOXL proteins.
Conclusions: Our results demonstrate that TGFß induces the expression LOX genes in human TM cells. TGFß appears to regulate LOX expression via
the JNK/AP-1 and the SMAD/AP1 signaling pathway.
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SIGNAL TRANSDUCTION IN HUMAN IRIS CELLS
Purpose: The receptor-coupled signal transduction systems present in isolated human iridial fibroblasts (HIF) and in human iridial melanocytes (HIM)
were investigated. Cell responsiveness to numerous prostaglandins (PGs), and other compounds of interest, was profiled in order to better understand
their involvement in the iridial hyper-pigmentation process observed during treatment of elevated intraocular pressure with FP-class PG analogs.
Methods: [3H]-inositol phosphates ([3H]-IPs)generated after receptor-activated phosphoinositide (PI) turnover were measured by ion-exchange
chromatography. cAMP produced after receptor-induced adenylyl cyclase activation was quantified using an enzyme immunoassay.
Results: FP-class PG analogs were potent agonists in the [3H]IPs accumulation assays: cloprostenol (potency, EC50 = 2.4 ± 0.5 nM),fluprostenol
(EC50 = 5.3 ± 0.6 nM,PGF2a (EC50 = 54 ± 18 nM, and latanoprost acid (EC50 = 121 ± 17 nM); other PGs exhibited the following potencies: PGD2
EC50 = 327 ± 195 nM, n =3; PGE2 EC50 = 550 ± 50 nM, n= 3; and two TP-receptor agonists (I-BOP, EC50 = 23 ± 8 nM; U-46619 EC50 = 1.1 ± 0.4
µM). Endothelin-1 (ET-1) and histamine increased [3H]-IPs production in HIF and HIM cells. HIM cells exhibited minimal PI turnover response to
cloprostenol, latanoprost acid, latanoprost, PGF2a, PGE2 and histamine, but there were robust responses to ET-1 (EC50 = 4.6 nM) and BQ-3020
(EC50 = 5 nM) that were blocked by an ETB-antagonist (BQ-788, IC50 = 21 ± 6 nM). In the adenylyl cyclase activation assay, numerous PGs (1 and 10
µM) stimulated cAMP production in HIF cells yielding the following rank order of efficacy: PGI2 > PGE2 > misoprostil > isoproterenol = BW245C >
PGD2 = PGF2a = fluprostenol. In HIM cells, PGE2 (EC50 = 1.3 ± 0.3 nM) and isoproterenol ((ß-agonist; EC50 = 89 ± 13 nM) potently and efficaciously
stimulated cAMP production and ICI-118851 (ß2-antagonist) attenuated the effects of isoproterenol.
Conclusions: While HIF cells express FP prostaglandin and histamine receptors coupled to phospholipase C to produce [3H]-IPs, the HIM cells lack
such functionally active FP-receptors. HIF and HIM cells express functional ET-1 receptors coupled to [3H]-IPs production and both cell-types respond to
PGE2, BW245C and isoproterenol by generating cAMP. These findings may have relevance to intercellular communication amongst human iridial cells
relative to the melanogenic processes in this tissue.
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HUMAN TRABECULAR MESHWORK CELLS EXPRESS BMP ANATAGONIST PROTEINS
Purpose: A contributing factor of primary open angle glaucoma is elevated intraocular pressure that leads to biochemical and pathological changes in
the trabecular meshwork (TM). Glaucoma patients have elevated aqueous humor levels of transforming growth factor -beta2 (TGF-ß2) . TGF-ß2 has
been associated with increased extracelluar matrix (ECM) deposition (e.g. fibronectin), which is attributed to the increase resistance of aqueous humor
outflow facility through the TM. We have previously demonstrated that BMP-4 selectively counteracts the action of TGF-ß2 with respect to ECM
synthesis, which is reversed by the BMP antagonist gremlin. The purpose of this study was to determine whether cultured human TM cells (a) express
other BMP antagonist proteins and (b) whether expression of these antagonists are regulated by TGF-ß2.
Methods: Normal (N=4) and glaucomatous (N=4) human TM cells were grown until confluent and total RNA was isolated and subjected to RT-PCR to
determine the expression of BMP antagonist proteins (Noggin, Chordin, Twisted Gastrulation, Sost, Crossveinless, Ski, Smurf1/2, Smad6/7, Gremlin,
Prdc, Cerberus, Coco, and Usag1). Human TM cells (N=3) were grown until confluent and treated with TGF-ß2 (5ng/ml) for either 24 or 48 hours in
serum-free medium. Untreated cell lines served as controls. RT-PCR was used to determine mRNA expression for the BMP antagonists in control and
treated TM cells.
Results: Human TM cells expressed mRNAs for the BMP antagonist proteins (Noggin, Chordin, Twisted Gastrulation, Crossveinless, Ski, Smurf1/2,
Smad6/7, Gremlin, Prdc, and Cerberus). Variable mRNA results were obtained from Coco, Sost, and Usag1. Exogenous TGF-ß2 increased Smurf1/2,
gremlin, and Smad7 mRNA expression. In contrast, TGF-ß2 suppressed chordin mRNA levels.
Conclusions: BMP antagonist members are expressed in the human TM. These molecules may be involved in the normal function of the TM as well as
TM pathogenesis. Altered expression of BMP antagonist members may lead to functional changes in the TM. The pharmacological modulation of these
molecules may provide a novel therapeutic target in glaucoma. (Grant Support: RO1 EY017374-01A1 (RJW))
Sponsor: Grant Support: RO1 EY017374-01A1 (RJW)
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TGF-BETA 2 INCREASES EXTRACELLULAR MATRIX ASSOCIATED PROTEINS IN CULTURED BOVINE TRABECULAR MESHWORK CELLS
Purpose: Elevated intraocular pressure (IOP) is a significant risk factor for the onset and progression of primary open angle glaucoma (POAG), a leading
cause of visual impairment worldwide. IOP is elevated in part due to increased aqueous humor (AH) outflow resistance resulting from extracellular
matrix (ECM) remodeling in the trabecular meshwork (TM). Transforming growth factor beta 2 (TGF-ß2) has been implicated in the pathogenesis of
POAG based on elevated levels in the AH of patients with POAG. Experimentally TGF-ß2 has been shown to induce ECM remodeling in both human
cultured TM cells as well as anterior eye segment perfusion cultures, which is associated with reduced outflow facility. Recently, overexpression of
TGF-ß2 via adenoviral transduction in rodents has been shown to significantly increase IOP. TGF-ß2 has been shown to upregulate ECM molecules such
as fibronectin, plasminogen activator inhibitor (PAI-1), and connective tissue growth factor (CTGF) levels, all of which are believed to play a role in TM
ECM modulation of AH outflow. The purpose of this study is to determine whether exogenous recombinant TGF-ß2 induces the synthesis of fibronectin,
PAI-1 and CTGF in bovine TM (BTM) cells. In addition to cost effectiveness and availability of bovine tissue, cultured BTM cells have been shown to be
remarkably similar to their human equivalent, making them an attractive species to use in models to further study the morphological and biochemical
changes in the TM resulting in increased outflow resistance and pathologically elevated IOP.
Methods: BTM cells were cultured in DMEM containing 10% FBS until confluent and then transferred to serum free DMEM for 24 hours. Cells were
incubated with various concentrations of recombinant TGF-ß2 (ranging from 0.5-10 ng/mL) over a range of time (0-72 hrs). Both cell associated and
secreted fibronectin, PAI-1, and CTGF protein levels were analyzed using Western blotting. Additionally, mRNA expression levels of these target genes
were analyzed using qPCR.
Results: Recombinant TGF-ß2 treatment of cultured BTM cells dose- and time-dependently increased fibronectin, PAI-1, and CTGF at both the protein
and mRNA levels.
Conclusions: Our study demonstrated that TGF-ß2 induces the synthesis of ECM associated proteins (specifically fibronectin, PAI-1, and CTGF) in BTM
cells. This has also been shown in studies utilizing human TM cells and tissues. Therefore, the bovine anterior segment may be a suitable model to
further study the pathogenesis of glaucoma.
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DIFFERENTIAL EXPRESSION OF FOLLISTATIN AND ACTIVIN IN NORMAL AND GLAUCOMATOUS HUMAN TRABECULAR MESHWORK CELLS AND
TISSUE
Purpose: Primary Open Angle glaucoma is a leading cause of blindness. Increased intraocular pressure is a major risk factor for glaucoma, resulting
from increased outflow resistance of aqueous humor (AH) through the trabecular meshwork (TM). Transforming growth factor beta-2 (TGF-ß2) levels
are increased in the AH and TM of glaucoma patients. Increased TGF-ß2 up-regulates extracellular matrix proteins (ECM) and their deposition in the
TM. Our lab has reported that TGF-ß2 increases the expression of the BMP antagonist gremlin in TM cells. Gremlin blocks the inhibitory effects of BMP
on TGF-ß2 induced ECM deposition. Follistatin (FST), a secreted BMP antagonist, is an important inhibitor of BMPs and activins (Act). Activins are
ligands in the TGF-ß superfamily that play a role in cell growth and regulation. The purpose of the present study was to determine the expression of FST
and Activin proteins in normal and glaucomatous cultured human TM cells (HTM). The goal is to evaluate key factors that may contribute to the
pathogenesis of POAG and assess how these factors can provide possible therapeutic mechanisms for the treatment of glaucoma.
Methods: Total RNA was isolated from HTM cells, and the reverse-transcriptase polymerase chain reaction (RT-PCR) was used to examine the
expression of FST and Act A,B,C, and E mRNA. Western immunoblotting and immunohistochemistry (IHC) was used to study the protein levels of FST
and Activin A and B.
Results: FST and Act A,B, and C mRNA were expressed in HTM cells. FST proteins were expressed in normal and glaucomatous HTM tissues and cells.
There was a higher expression of FST in glaucomatous HTM cells. Act A and B proteins were detected in HTM cells by western blotting.
Conclusions: This is the first report of FST and Act A, B, and C m RNA expression in HTM cells and of the presence of FST protein in normal and
glaucomatous human TM tissues. Factors that regulate pathogenesis of glaucoma are not well understood. Identifying molecules that can modulate
TGF-ß signaling will provide knowledge to better understand mechanisms involved in the development of POAG.
Sponsor: N/A
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RAPID CHARACTERIZATION OF FUNCTIONAL PROSTANOID RECEPTOR PHARMACOLOGY IN HUMAN OCULAR ANTERIOR SEGMENT CELLS BY
CELLULAR DIELECTRIC SPECTROSCOPY
Purpose: A complete and singular pharmacological analysis of functional prostanoid receptor expression in multiple ocular cell types has not been
previously achieved. By employing cellular dielectric spectroscopy, such a comprehensive and rapid pharmacological analysis was achieved.
Methods: Primary human ocular cells were studied in a 96-well format using cellular dielectric spectroscopy. In brief, cellular dielectric spectroscopy
measures cellular impedance to an electric current that flows over and between cells. Drugs were evaluated over a 10-12 – 10-5 M dose range.
Results: In human ciliary smooth muscle cells (CSM), which are the target cell for anti-glaucoma drugs that increase uveoscleral outflow, functional
EP2 and FP receptors were clearly identified. Although PGD2 stimulated CSM cells, it appeared to stimulate DP2 receptors. EP3 and EP4 appeared
weakly coupled in CSM cells . In marked contrast, both IP and TP receptor stimulation were very potent with E.C.50 values similar to those produced by
FP agonists. In trabecular meshwork (TM) cells, only FP and EP3 receptor stimulation resulted in consistent and potent activation. In endothelial cells of
Schlemm’s canal (ECSC), functional evidence for DP2, EP2, EP4, FP, IP and TP receptors was obtained. Human iris sphincter muscle (ISM) cells
functionally expressed EP3, IP, TP and surprisingly FP receptors. The profile was quite different non-pigmented epithelial (NPE) cells: here no evidence
for functional FP receptors was obtained, whereas EP2, EP4, IP and TP receptor agonists potently stimulated NPE cells. In all instances TP receptor
activation produced an opposite CDS signature response compared to other prostanoid receptors.
Conclusions: The distribution of prostanoid receptors in human ocular cells is widespread, as previously suggested by immunohistochemical analyses.
The physiological and pathophysiological significance of DP2, IP and TP receptors requires more detailed studies.
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DIFFERENTIAL MODULATION OF CELLULAR FIBRONECTIN SPLICE FORMS EXPRESSION BY TRANSFORMING GROWTH FACTOR-BETA 2 IN HUMAN
TRABECULAR MESHWORK CELLS: POSSIBLE MECHANISM ON EXTRACELLULAR MATRIX REMODELING IN GLAUCOMA
Purpose: Purpose: Extracellular matrix (ECM) remodeling of the trabecular meshwork (TM) is important in maintaining intraocular pressure (IOP). Over
production of ECM proteins can restrict aqueous humor (AH) outflow leading to ocular hypertension. Transforming growth factor-beta 2 (TGF-ß2) is
elevated in glaucomatous AH and is responsible for ECM protein production, including cellular fibronectin (FN). Twenty alternative splice forms of FN
are known, which consist of either variants containing ED-A, ED-B and/or five different segments of IIICS. Little is know about the presence of the FN
splice forms in the human TM and whether TGF-ß2 differentially induces FN splice forms in TM cells. The purpose of this study is to identify the FN
splice forms in human TM cells and to determine whether TGF-ß2 alters FN splicing.
Methods: Methods: Human TM cells were cultured in serum-free medium in the presence or absence of TGF-ß2 (5ng/ml) for different treatment
times. Total RNA was extracted and subjected to RT-PCR. Specific exon PCR primers were used to amplify corresponding FN segments in order to
identify each splice form. In addition, immunocytochemistry studies for the cellular distribution FN splice isoform ED-A was performed.
Results: Results: All TM cells analyzed expressed both ED-A and ED-B splice forms and several of the IIICS variants, mainly the non-inclusive IIICS
isoform. Furthermore, TGF-ß2 differentially induced FN splice forms after several treatment times (12, 48, 96 hrs and 7 days) that was demonstrated
by RT-PCR and ED-A immunocytochemical staining.
Conclusions: Conclusions: Our results present the first evidence of FN splice isoforms expression in human TM cells and the ability of TGF-ß2 to alter
FN splicing. The differential FN modulation by TGF-ß2 suggests a possible mechanism of ECM remodeling that may regulate ECM functions, including
AH outflow. Understanding the TM ECM remodeling and related factors such as TGFß-2 associated with glaucoma may lead to the discovery of agents
that normalize AH outflow, and lower the elevated intraocular pressure associated with glaucoma.
Sponsor: N/A
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IN VITRO COAGULATION EFFECTS OF OPHTHALMIC DOSES OF BEVACIZUMAB
Purpose: Systemic bevacizumab [5 mg/kg] is associated with an increased risk of arterial thromboembolic events (ATE) in patients who receive
bevacizumab-based chemotherapy for cancer. Bevacizumab is also used off-label as an intraocular injection to treat a variety of ophthalmic diseases.
However, the risk of ATEs with an ophthalmic dose of bevacizumab, typically 1.25 mg, is unknown. To investigate a possible mechanism for arterial
thrombosis in ophthalmic patients, the present study evaluated the effects of ophthalmic doses of bevacizumab on the coagulation cascade.
Methods: Bevacizumab at concentrations of 0.25 mg/ml, 0.5mg/ml, 1.25mg/ml, 2.5mg/ml and 4.0 mg/ml were incubated at 37°C in the presence
of pooled normal plasma (PNP) to determine its biological activity via activated partial thromboplastin time (aPTT) and prothrombin time (PT) at 30
minutes, one hour and two hours. All evaluations were conducted in triplet. Changes in coagulation were measured at each time point and were
compared by two-way analysis of variance with Tukey’s Post-Hoc test. A P value of = 0.05 was considered significant. All statistical analyses were
performed using SAS (SAS Institute Inc., Cary, NC, Version 9.1.3).
Results: Compared to the PNP control, 1.25mg/ml of bevacizumab decreased aPTT at two hours (mean difference 3.38 seconds; 95% confidence
interval 0.41 to 6.35; p=0.03). There was no significant difference in aPTT at 30 mins and one hour and in PT at all three times for this dose. There
was no significant difference in PT and aPTT compared to controls at the three measured times for all other doses of bevacizumab.
Conclusions: A common ophthalmic dose of bevacizumab [1.25mg] decreased the time required for in vitro coagulation. Further examination of the
impact of ophthalmic bevacizumab on coagulation is warranted to provide insight into ophthalmic bevacizumab and the risk for ATEs.
Sponsor: N/A

201 - Oral
Author: Karl Csaky
Presenter: Karl Csaky
Institution: Retina Foundation of the Southwest
Department:
Karl G Csaky (1) Jill Perkins (1) Connie Zhang (2) (1) Retina Foundation of the Southwest (2) National Eye Institute
THE ROLE OF RETINAL PIGMENT EPITHELIAL INJURY IN THE DEVELOPMENT OF GEOGRAPHIC ATROPHY
Purpose: To understand the role of chronic sublethal injury in increasing susceptibility to retinal pigment epithelial cell (RPE) death as a model of
conversion of dry age-related macular degeneration to geographic atrophy.
Methods: Proteins involved in the apoptotic pathway including caspases 3,8,9, c-FLIP, FADD, Bid, TRADD and RIP were measured in cell deathsensitive U937 cells and - resistant RPE cells. Confluent human RPE cells were chronically exposed to established nonlethal doses of hydroquinone
and C5b-9 MAC complex. Viability was determined by XTT assays.
Results: Levels of all measured apoptotic proteins were similar between RPE and U937 cells. However the caspase 8/c-FLIP ratio was significantly
higher in U937 than in RPE cells. Chronic (2 week) sublethal injury using either hydroquinone or C5b-9 on RPE cells reduced c-FLIP levels increasing
the caspase 8/c-FLIP ratio and increasing RPE cell death susceptibility to various cell death stimuli including TNF-alpha.
Conclusions: These results suggest that dry AMD (as a condition of chronic RPE injury) nmay increase RPE cell death susceptibility and lead to the
development of geographic atrophy. On-going research is focusing on strategies to reverse this chronic injured state in RPE cells.
Sponsor: N/A
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GENETIC INSIGHTS INTO THE PATHOGENESIS OF AMD
Purpose: To provide an overview of the genetic changes contributing to the development of age-related macular degeneration (AMD) and how this
genetic variation alters biological pathways.
Methods: A synthesis of available data from the author's laboratory and published data.
Results: Four major pathways contribute to an individuals inherent risk for developing AMD. The mechanisms by which many of the genetic changes
lead to disease are unknown; however, recent data illustrates how variation in genes encoding proteins of the alternative pathway of complement
change activation of this pathway.
Conclusions: Understanding how genetic variation in a locus associated with disease changes biology can be difficult and complex. Nonetheless, it has
been well established that excess activation of the complement system is a major inherited risk for development of AMD. Understanding how specific
genetic variation alters protein interactions has promise for individualized therapy.
Sponsor: NEI, FFB
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THE CHORIOCAPILLARIS IN AGE-RELATED MACULAR DEGENERATION
Purpose: The role of the choroidal microvasculature in age-related macular degeneration (AMD) is often underappreciated. However, the
choriocapillaris plays several critical roles in maintaining the health of the outer retina, and is responsible for providing oxygen and nutrients to the
retinal pigment epithelium and photoreceptor cells, removal of debris, and recruitment of leukocytes in health and disease. Moreover, in advanced
AMD, choroidal endothelial cells become activated to migrate through defects in Bruch’s membrane and form neovascular tufts in the subretinal space,
leading to severe vision loss. The purpose of these studies was to further explore the role of the choriocapillaris in early AMD.
Methods: Morphometric studies of the vasculature and drusen were performed in a series of human eyes with early AMD and age-matched controls.
Molecular and functional studies were performed on choroidal endothelial cells in cell culture and organ culture following exposure to
microenvironmental challenges that occur in AMD eyes, including fragments of elastin and complement components. The impact of AREDS vitamin
treatment on endothelial cell activation was determined in the C166 endothelial cell line.
Results: Morphological studies of the choriocapillaris in eyes with early AMD show that vascular loss is related to drusen formation and may precede
anatomical changes in the RPE. Choriocapillary endothelial cells exposed to AMD-related microenvironmental challenges respond through behavior
changes that vary depending on the stimulus and include increased ICAM-1 synthesis and endothelial cell migration. Treatment of C166 cells with
phorbol ester results in increased expression of ICAM-1, which is partially attenuated by the presence of AREDS vitamins.
Conclusions: A better understanding of the choriocapillaris, its responses to injury, and its cellular and molecular changes in AMD will be necessary for
improved diagnosis and therapy. Choriocapillaris adhesion molecules may be a site of action for AREDS vitamins and may represent an attractive
target for novel therapies for AMD.
Sponsor: NEI, MVRF
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REGULATION OF CHOROIDAL NEOVASCULARIZATION BY TISSUE INHIBITOR OF METALLOPROTEINASES-3
Purpose: Tissue Inhibitor of Metalloproteinases-3 (TIMP-3) is a potent matrix-bound angiogenesis inhibitor. Mutations in TIMP-3 cause Sorsby Fundus
Dystrophy, a dominant inherited, early onset macular degenerative disease, with choroidal neovascularization causing a loss of vision in the majority of
patients. We have determined that TIMP-3 is a potent inhibitor of VEGF-mediated angiogenesis, with a novel function of blocking VEGF binding to
VEGFR-2. The objective of this study was to identify the anti-angiogenic domains of TIMP-3.
Methods: Structure function analyses and synthetic peptide studies were performed using endothelial cells expressing VEGFR-2 and VEGF-induced in
vitro and in vivo angiogenesis assays.
Results: We demonstrate that the COOH-terminal domain of TIMP-3 protein can block the binding of VEGF specifically to its receptor VEGFR-2, similar
to the full-length wild-type protein. Synthetic peptides corresponding to putative loop 6 and tail region of TIMP-3 have anti-angiogenic properties as
determined by inhibition of VEGF binding to VEGFR-2, VEGF-induced phosphorylation of VEGFR-2 and downstream signaling pathways as well as
endothelial cell proliferation and migration in response to VEGF. In addition, we showed that intravitreal administration of TIMP-3 peptide could inhibit
the size of laser-induced choroidal neovascularization lesions in mice.
Conclusions: We have identified TIMP-3 peptides to be efficient inhibitors of angiogenesis and have a potential to be used therapeutically in diseases
with increased neovascularization.
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HUMAN APOLIPOPROTEIN E (APOE) MIMETIC PEPTIDE INHIBITS CORNEAL NEOVASCULARIZATON
Purpose: Corneal neovascularization can be a major problem in ocular infections and/or inflammatory conditions and therefore, its inhibition is an
important ophthalmic therapeutic component. We have reported that an 18 amino acid dimer peptide (apoEdp), derived from the receptor-binding
region of the human apolipoprotein E (apoE), inhibits both herpes simplex virus type 1 (HSV-1) replication in vivo and viral-induced inflammation (IOVS
49:4263, 2008; Curr Eye Res 34:99, 2009). The purpose of this study was to assess the ability of apoEdp to act as an inhibitor of neovascularization
using in vitro and in vivo models.
Methods: We examined the effects of apoEdp on vascular endothelial growth factor (VEGF)-induced human umbilical vein endothelial cell (HUVEC)
survival, migration, invasion, and capillary tube formation in vitro. We also investigated the in vivo effects of topical application of apoEdp against
VEGF-induced angiogenesis in a rabbit eye model assay.
Results: Our in vitro studies demonstrated that apoEdp inhibits HUVEC proliferation, migration, invasion, and capillary tube formation. The apoEdp
inhibits VEGF-induced Flk-1 activation and downstream signaling pathways that involve c-Src, Akt, eNOS, FAK, and ERK1/2. We also found that 1.0%
topical apoEdp significantly suppresses neovascularization in the rabbit eye model that was induced by VEGF.
Conclusions: This study provides the first evidence of a synthetic dimer peptide mimicking human apoE that exhibits potent anti-angiogenesis
functions. The apoEdp could function as an anti-neovascularization ophthalmic drug.
Sponsor: NIH/NEI; RPB; Louisiana Lions Eye Foundation; Lions International
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TARGETING TO THE SUPRACHOROIDAL SPACE OF THE EYE USING A HOLLOW MICRONEEDLE
Purpose: Targeting drugs to the back of the eye in a minimally invasive way is a drug delivery challenge. A minimally invasive method of delivering drug
formulations to the suprachoroidal space (SCS), between the sclera and choroid, may be a way to localize the drugs to the choroid and retina because
of its close proximity to these tissues. This work presents a minimally invasive delivery method using a single hollow microneedle that can locally target
the SCS. The purpose of this study is to understand the distribution and kinetics of the clearance of small molecules, macromolecules and particles
from the SCS using fluorophotometry.
Methods: Hollow microneedles were used to infuse fluorescein, 40 and 250 kDa dextrans, Avastin tagged with Alexa Fluor 488 and 0.02 - 10 µm
particle suspensions into the SCS by inserting them transsclerally. Experiments were performed in-vivo on albino New Zealand rabbits. Longitudinal
studies were performed on rabbits using an ocular fluorophotometer to quantify concentrations in the whole eye in vivo.
Results: Fluorescein injections into the SCS were localized with high concentration in the SCS and many-fold lower levels in the vitreous. The half life
of fluorescein in the SCS was 1.3 hours. The macromolecules were also well targeted to the suprachoroidal space with half lives of 3.5, 5.6, and 7.9
hours in the SCS for 40 kDa dextran, 250 kDa dextran and Avastin, respectively. Particle suspensions injected into the SCS resulted in similar
localization to the SCS, as seen for fluorescein. However, over time all particle concentrations maintained relatively constant levels in the SCS with
minimal levels in the vitreous. At the four-week time point, most particles were still present and had not cleared from the SCS. In all cases the levels in
the SCS were at least an order of magnitude higher than in the vitreous. Gross examination of the animals during the experiments revealed no ocular
inflammation or irritation from the SCS injection.
Conclusions: This work shows that microneedles can deliver a wide range of molecules as well as particles into the SCS in a minimally invasive way.
SCS injections were capable of localizing the injected material in the posterior segment of the eye along the retinochoroidal surface. Particles had
residence times of at least one month, which could enable sustained delivery to the posterior segment.
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BIODEGRADABLE POLYMERIC NANOPARTICLES FOR CONTROLLED DRUG DELIVERY TO THE EYE
Purpose: To develop an injectable, biodegradable, controlled release nanoparticles for biomedical applications including intraocular drug release.
Methods: Polyorthoester was synthesized by the addition of diol to diketene acetal and small amounts of D, L-lactide to introduce degradability in the
polymer backbone. Polymer structure was confirmed by H1 NMR. The molecular weight of the polymer was determined by Gel Permeation
Chromatography. Polyorthoester nanoparticles were prepared by double emulsion solvent diffusion and evaporation methods to load hydrophobic
(Celecoxib) and hydrophilic drugs (epinephrine bitartarate). These drugs were chosen as model drugs to represent different solubility classes.
Drug-loaded nanoparticles were separated by ultracentrifugation at 60,000 rpm and 4 °C for 2hrs. The amount of free drug in the clear upper solution
was measured by HPLC and UV and for Celecoxib and epinephrine, respectively. In vitro drug release was determined by incubating nanoparticle
emulsion-containing mini dialysis units in phosphate buffered saline at 37°C. The mean size and size distribution of the nanoparticles were measured
by using Malvern-Zetasizer-3000. Degradation studies were performed by measuring weight loss of the polymer as well as lactic acid release from the
polymer.
Results: Polyorthoester with a molecular weight of 10 kD. A stable emulsion of nanoparticles had a mean particle size of 170nm with a low
polydispersity index, the size of which was constant over a period of 7 weeks. The encapsulation efficiency of Celecoxib was 98% and epinephrine was
21-25% and varied with concentration. Release of drug from the nanoparticles followed zero order kinetics, indicating that the drug release mechanism
was due to surface erosion. Our preliminary results indicate that during 3 weeks of time, only 7% of epinephrine was released. Studies are ongoing to
determine the full spectrum of in vitro release kinetics.
Conclusions: A biodegradable, biocompatible, injectable and controlled release drug delivery vehicle has been prepared, which can be used to load
both hydrophilic and hydrophobic drugs. Drug release and degradation occurs simultaneously with same rates and following zero order kinetics. These
nanoparticles have great potential as a long-term intraocular drug delivery device.
Sponsor: Fight For Sight
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IN-VIVO FLUOROPHOTOMETRY IN RABBITS: TRANSSCLERAL DELIVERY OF FLUORESCEINATED DEXTRANS
Purpose: To evaluate ocular fluorophotometry for in vivo transscleral drug delivery applications involving fluorescent compounds (molecular weight up
to 250kDa), and to compare the transscleral penetration of these compounds in an in vivo rabbit model.
Methods: New Zealand White rabbits (n=11) were utilized in accordance with ARVO’s Statement for the Use of Animals in Ophthalmic and Visual
Research. Each rabbit received a unilateral sub-Tenon injection of sodium fluorescein (NaF) of fluorescein-labeled dextrans (FITC-D, molecular weights
40, 70 and 250kDa). Injections consisted of 200µL NaF (2mg/mL) or FITC-D (25mg/mL) solution, using a 30G needle in the superior temporal
quadrant of the left eye. The right eye was used as negative control. Fluorophotometry was performed at baseline and at the following time points
post-injection: 5 minutes, 4 hours, and 1, 2, 4 and 7 days. Eyes receiving NaF injections were examined hourly and 24 hours after injection. All
fluorophotometry readings were obtained using a Fluorotron Master fluorophotometer (Ocumetrics, Mountain View, CA).
Results: Control (non-injected) eyes remained at baseline throughout the experiments. Fluorophotometry detected a significant increase in
fluorescence at the retina/choroid of all injected eyes. In eyes injected with NaF, peak fluorescence occurred at 3 hours following injection, with a
return to baseline levels by 24 hours. FITC-D injected eyes exhibited peak fluorescence 24 hours (40kDa, 70kDa FITC-D) or 48 hours (250kDa FITC-D)
following injection. A return to near-baseline fluorescence was observed 48 hours (40kDa, 70kDa FITC-D) or 7 days (250kDa FITC-D) after injection.
Conclusions: Fluorophotometry was able to detect the presence of fluorescein-labeled molecules in live rabbit eyes, and to characterize fluorescence
changes in live rabbits in a noninvasive manner. Fluoresceinated dextrans up to 250kDa in molecular weight were successfully delivered to the
posterior retina/choroid via transscleral diffusion using sub-Tenon injections. Smaller molecular weight dextrans (40kDa and 70kDa) reached peak
retina/choroid fluorescence faster than the larger dextran (250kDa), and exhibited a faster return to baseline fluorescence levels. (Research supported
by NEI grants R24-EY017404, P30EY006360, T32EY07092, and RPB)
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TOPICAL NANOSYSTEMS FOR DRUG DELIVERY
Purpose: To determine whether nanosystems including dendrimers and functionalized nanoparticles enhance drug delivery to ocular tissues.
Methods: Cell penetrating dendrity polyguanidylated translocators (DPTs) and surface functionalized nanoparticles for their uptake and delivery into
eye tissues.
Results: DPTs as well as functionalized nanoparticles exhibited superior corneal uptake. Further, DPTs enhanced the delivery and persistence of
gatifloxacin in rabbit eye tissues. DPTs increased the onset of action of gatifloxacin. Functionalized nanoparticles exhibited enhanced transport across
conjunctiva compared to non-functionalized nanoparticles.
Conclusions: Dendrimers as well as functionalized nanoparticles are suitable for enhacning ocular drug delivery.
Sponsor: N/A
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UNDERSTANDING THE DYNAMICS OF OCULAR DRUG DISTRIBUTION WITH 3D MRI
Purpose: A novel method of studying ocular pharmacokinetics is with magnetic resonance imaging (MRI), which is able to image drug surrogate
distribution in real time. This imaging method provides a 3-dimensional visual representation of drug distribution in a live animal. Thus, MRI was used to
study the dynamic barriers to transscleral drug delivery, as well as understand the effect of movement and liquefaction on intravitreal drug distribution.
Methods: In vivo MRI experiments were performed on 4.7 T and 7.1T magnets while animals were maintained under general anesthesia. Transscleral
barriers were assessed with subconjunctival implants, injections, and infusions of drug surrogates. Vitreous dynamics were studying by simulating eye
and head movement on ex vivo porcine and human eyes. Furthermore, an in vivo vitreous syneresis model was developed to study the effect of aging
and liquefaction on intravitreal pharmacokinetics. Concentration data was estimated from a calibration curve relating MRI signal intensity to phantom
concentration, and pharmacokinetic parameters were determined.
Results: Subconjunctival experiments demonstrated rapid clearance and little drug penetration into the retina and vitreous. Post mortem
subconjunctival experiments showed gradual diffusion into the vitreous and surrounding tissues, suggesting that dynamic barriers play a significant
role in drug clearance. Drug diffusion gradients persist in the vitreous in movement simulated and syneretic eyes, although diffusion occurs faster in
the more liquefied vitreous.
Conclusions: MRI is an effective tool for understanding dynamic aspects affecting ocular drug distribution. Improvements in posterior segment drug
delivery can be made by taking into account the robust transscleral clearance mechanisms and vitreous distribution subjected to movement and
liquefaction.
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MOLECULAR PARAMETERS ASSOCIATED WITH UPTAKE OF MULTI-FUNCTIONAL ANTIOXIDANTS FOR THE LENS, RETINA, AND BRAIN
Purpose: Multi-functional antioxidants that independently chelate redox-active metal ions and scavenge free radicals (JHX series) have recently been
described (J. Med Chem 53, 1117–27, 2010). While these compounds readily reach the avascular lens and neural retina, their accumulation in the
brain is minimal. To increase their ability to cross the blood brain barrier, new analogs (HK series) with increased lipophilicity and decreased steric bulk
have been synthesized. Here, we define the molecular parameters required to target these analogs to the lens, retina, and brain.
Methods: Eight analogs possessing the 2-amino-1,3-pyrimidine ring system with/without a 5-hydroxyl group and carbonyl groups adjacent to the
2-amine were synthesized. These were incorporated into chow (0.05%) and administered to C57BL/6 mice for 14 days. At the time of death, all mice
were perfused with PBS and drug levels in the lens, retina, and brain were quantified by HPLC-MS. The following molecular parameters were calculated
using ChemBio3DUltra® (CambridgeSoft): lipophilicity – log P and Clog P; electric moment apart from the total net charge – dipole moment; molecular
shape attribute; steric bulk – molar refractivity; molecular topology – topological index. Correlations between compound levels in the lens, neural
retina, and brain and each parameter were examined by linear fit analysis using Origin® 8.1 (OriginLab).
Results: Compared to published JHX compounds, several newly synthesized HK analogs demonstrated >135 fold greater BBB penetration. In the
brain, negative correlations between the accumulation of drugs and either shape attribute, dipole moment, molar refractivity, or topological index was
observed (linear fit analysis, R2 = 0.73 - 0.80, p < 0.05). In the lens, positive correlations were observed between the accumulation of drugs and
either shape attribute or dipole moment (linear fit analysis, R2 = 0.59 - 0.62, p < 0.05). In the retina, no correlations were obtained between the
accumulation of drugs and any of the parameters examined.
Conclusions: In the series of compounds examined, correlations suggest that decreasing the “bulkiness” of the parent JHX compounds affects the
accumulation of compounds into the brain and lens in an inverse manner. While the neural retina is considered an extention of the brain, no
correlations between the examined molecular parameters and the accumulation of compounds were observed.
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TRANSSCLERAL DRUG DELIVERY
Purpose: To review current in vitro and in vivo studies on transscleral drug delivery and to show that the sclera can serve as a sustained release tissue.
Methods: Human sclera obtained from the Georgia Eye Bank was mounted in vitro diffusion chambers and various drugs (water to Avastin) with
different molecular weights were evaluated for their transscleral diffusion. Scleral Ktrans (cm/sec) was established for this range of drugs. Drug
concentrations were determined by atomic absorption spectroscopy, Fluorescence, HPLC and Ms/MS analysis. In a separate in vivo experiment Oregon
green labeled triamcinolone (OGTA) injected subtenons was evaluated using ocular flurophotometry in rabbit eyes.
Results: The transscleral permeability of water was 51.8 + 10 x 10-6 ; carboplatin 27 + 1.7 x 10 -6 ; Vinblastine 5.8 + 6.2 x 10-6 ; Dexamethosone –
Fluorescein – 1.64 x 0.17 x 10-6 ; Vanconycin – BoDipy 6.66 + 1.46 x 10-7 ; and Oregon green triamcinolone 1.12 + 0.08 x 10-7 cm/sec. Following the
subtenon’s injection of OGTA the maximum OGTA concentration in the retina/choroid was 25.77 + 10.26 ng/ml at 4 hours and 84.68 + 21.04 ng/ml
at 6 hours in the euthanized rabbit at 8 hours.
Conclusions: These studies show that the human sclera is more permeable to lower molecular weight compounds and that transscleral drug delivery
maybe reasonable for treating intraocular diseased tissues. Oregon green triamcinolone is capable of diffusing across rabbit sclera in vivo and into the
retina/choroid via transscleral diffusion from a subtenon depot. Conjunctival and choroid circulation decreased the transscleral drug delivery of OGTA.
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INHIBITION OF 20-HETE ATTENUATES STREPTOZOTOCIN-INDUCED DECREASES IN RETINAL BLOOD FLOW
Purpose: The mechanisms of early diabetes-induced decreases in retinal blood flow have yet to be fully determined, but could be a response to
elevated levels of retinal oxygen. 20-hydroxyeicosatetraenoic acid (20-HETE) is a vasoconstrictor that is known to restrict blood flow in the presence of
oxygen excess, but its actions in the diabetic retina have yet to be investigated. The aim of this study was to explore the role of 20-HETE in the early
decrease of retinal hemodynamics in diabetic mice.
Methods: Diabetes was induced by multiple low-dose injections of streptozotocin (STZ; 50 mg/kg for 5 consecutive days), then ~2 weeks later the
mice were administered daily intraperitoneal injections with or without the 20-HETE inhibitor HET0016 (2.5 mg/kg/day) for the following 2 weeks.
Non-diabetic age-matched mice were included as controls. Intravital microscopy was used to obtain measurements of retinal vascular diameters and
red blood cell (RBC) velocities for the feed arterioles and draining venules extending out of and into the optic disk. From these values, wall shear rates
and blood flow rates were calculated.
Results: Diabetes induced substantial decreases in RBC velocity, wall shear rate, and blood flow rate. These decreases were attenuated significantly in
the mice given HET0016.
Conclusions: The 20-HETE inhibitor HET0016 is able to attenuate the retinal hemodynamic changes induced by diabetes. It remains to be determined
whether a vasoactive role of 20-HETE is a direct response to early diabetic elevations retinal oxygen levels.
Sponsor: NIH EY017599
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FACIAL PARASYMPATHETIC CIRCUITRY REGULATING CHOROIDAL BLOOD FLOW
Purpose: We have been investigating the circuits mediating vasodilatory parasympathetic control of choroidal blood flow (ChBF) via the pterygopalatine
ganglion (PPG). Our findings indicate that the PPG circuit vasodilates choroidal vessels during periods of low systemic blood pressure (BP), a
phenomenon we term baroregulation. This reflex, which we have observed in rats and pigeons, maintains stable blood flow to the eye over a BP range
of ±40% of basal BP. Our evidence for the role of the PPG circuit in baroregulation stems from: 1) our anatomical studies showing that the specific
preganglionic neurons of the superior salivatory nucleus (SSN) that innervate choroidal neurons of the PPG receive a prominent input from the
baroreceptive portion of the nucleus of the solitary tract (NTS); and 2) baroregulation during low BP in rats and pigeons is disrupted by inhibition of the
vasodilator (NO) used by PPG neurons. In the present studies, we sought to determine if this reflex becomes impaired with aging, and if experimentally
produced impairments in this reflex harm retinal function.
Methods: To assess age-related effects on baroregulation of ChBF, we used laser Doppler flowmetry (LDF) in pigeons ranging up to 17 years of age(8
years is near the middle of their lifespan). To assess the effects of experimentally produced impairment in hypotensive ChBF baroregulation on retinal
health, we made electrolytic lesions in rat SSN neurons that innervate PPG neurons controlling ChBF, and used optical coherence tomography (OCT),
scotopic flash-evoked ERG, immunohistochemistry and LDF to assess the lesion effects.
Results: In pigeons, we found that baroregulation maintains ChBF at 100% of basal ChBF over a BP range 40% above and below basal BP.
Baroregulation, however, failed during low BP to maintain ChBF at 100% of young basal levels in pigeons >8 years of age. Thus, hypotensive
baroregulation appears to be impaired in pigeons by the midpoint of their lifespan. SSN lesions in rats that disturb baroregulation during low BP led to
25% reductions in scotopic b-wave peak by two months post lesion. The retina appears thinned by four months (based on OCT measurements), and
GFAP was upregulated in retinal Müller cells by 2-3 months.
Conclusions: These results suggest that ChBF control by the SSN-PPG circuit plays an important role in maintaining an adequate nutrient supply to the
retina during low BP, and a deficiency in this parasympathetic function, which may develop with age, is harmful to the retina.
Sponsor: NIH EY 05298, Res. to Prevent Blindness, NIH/NEI 5P30EY013080, NIH EY 12232 , USPHS EY 013808
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ALTERED OCULAR PERFUSION IN GLAUCOMA PATIENTS: THE IMPORTANCE OF METHODS TO CHALLENGE AUTOREGULATION FOR CLINICAL
TRIALS
Purpose: Primary open angle glaucoma is associated with changed regulation of ocular perfusion. This becomes measurable if ocular autoregulation is
challenged, e.g. by flicker stimulation of the retina or after posture change. As this requires a combination of a method for measurement of ocular
perfusion with a procedure to challenge ocular blood flow regulation, examination of this is very extensive and associated with discomfort for the
patient, which limits the application of such methods in clinical routine and in studies. The present work aims to investigate ocular perfusion without
any stimulation of ocular blood flow regulation to get insight whether in sake of simplification of the examination the challenge of the ocular blood flow
regulation can be omitted.
Methods: N=188 glaucoma patients and N=84 control subjects were examined in a supine position by color Doppler imaging. A Siemens Elegra device
with a 7.5L40 ultrasound transducer was used. The peak systolic velocity (PSV), and the end diastolic velocity (EDV were measured in the central
retinal artery (CRA), the short posterior ciliary artery (SPCA), and the ophthalmic artery (OA). During the presentation, findings will be compared with
previous data where ocular blood flow regulation was challenged by various methods.
Results: CRA/PSV: 10.1+/-1.2 in controls vs. 8.7+/-1.2 cms-1 in glaucoma patients (P
Conclusions: The most pronounced difference was seen in the CRA, while previous work with a challenge of ocular blood flow regulation found similar
or even more pronounced differences in the SPCA. Therefore, without a challenge of ocular perfusion potentially important features of the
hemodynamic alterations in glaucoma patients may be overlooked. In conclusion, measurements of ocular perfusion in resting conditions might not be
sufficient for clinical practice or studies.
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RHO KINASE-MEDIATED CONSTRICTION OF PORCINE AND HUMAN RETINAL ARTERIOLES TO ENDOTHELIN-1
Purpose: Accumulating evidence suggests that increased activation of the endothelin-1 (ET-1) system leading to diminished retinal blood flow
contributes to the pathogenesis of diabetic retinopathy. Although ET-1 causes constriction of retinal arterioles, the underlying signaling mechanisms
mediating this vasomotor response remain unknown. Herein, the aim of our study was to examine the roles of Rho kinase (ROCK) and protein kinase C
(PKC) in ET-1-induced constriction of retinal arterioles.
Methods: To exclude systemic confounding effects, porcine retinal arterioles were isolated for functional and molecular studies. Retinal tissues were
also obtained from eight patients undergoing enucleation at the Scott & White Eye Institute after written informed consent with Institutional Review
Board approval. Porcine and human retinal arterioles were isolated and pressurized for vasoreactivity study using videomicroscopic techniques.
Results: Isolated porcine (resting diameter = 50 ± 3 µm, maximum diameter = 82 ± 3 µm) and human (resting diameter = 43 ± 6 µm, maximum
diameter = 65 ± 4 µm) retinal arterioles developed myogenic tone and constricted dose-dependently to ET-1 over physiologic and pathophysiologic
ranges (0.1 pM to 10 nM). The non-selective ROCK inhibitor H-1152 significantly inhibited myogenic tone and fully reversed constriction of porcine and
human vessels elicited by ET-1. The ET-1-induced constriction of porcine arterioles was not altered by PKC inhibitor chelerythrine. By contrast,
constriction of porcine retinal arterioles to PKC activator phorbol 12,13-dibutyrate was inhibited by chelerythrine but not by H-1152.
Immunohistochemical and immunoblotting analysis demonstrated an 8-fold greater ROCK2 than ROCK1 expression in both arterioles and neural retina
from pigs and a predominant ROCK2 expression in arteriolar smooth muscle cells. Retinal tissue and arterioles both displayed mRNA expression for
the ET-1 precursor pre-pro-ET-1.
Conclusions: Our data suggest a major role of ROCK, possibly the ROCK2 isoform, rather than PKC in maintaining the constriction to ET-1 in retinal
arterioles. Both ROCK and PKC contribute to regulation of myogenic tone. ROCK likely mediates physiologic and pathophysiologic responses to
endogenously released ET-1. Similarities in the ROCK-mediated constrictor response to ET-1 between human and porcine retinal arterioles support the
latter as a viable experimental model of the human retinal microcirculation. (NIH R01EY018420 and Retina Research Foundation)
Sponsor: NIH R01EY018420 and Retina Research Foundation
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EFFECT OF PHENTOLAMINE ON OCULAR HYDRODYNAMIC RESPONSE TO TILT IN THE RABBIT
Purpose: Changing from an upright to a supine position causes gravity-dependent increases in cranial arterial and venous pressure. In humans and
animals, the IOP increase to this posture change is smaller than expected for the change in the height of the hydrostatic column between the eye and
the heart. This implies the action of a venous regulatory mechanism since the Goldmann equation predicts that IOP and episcleral venous pressure
should change equally. Anatomical studies show adrenergic innvervation of the episcleral circulation. The purpose of this study was to assess the
effect of an alpha adrenergic antagonist on the ocular hydrodynamic response to tilt in a rabbit model.
Methods: In anesthetized rabbits (n=11), we measured mean arterial pressure (MAP), IOP, and orbital venous pressure (OVP) by direct cannulation;
carotid blood flow (BFcar) by transit time ultrasound, heart rate (HR) by a digital cardiotachometer, and aqueous flow (Flow) by fluorophotometry. The
protocol entailed 60 min of baseline measurements in a head up position, followed by 90 min of tilt (i.e., hindquarters level with head), then
phentolamine (0.1 mg/kg, iv) was given and measurements continued for another 90 min of tilt. Results were analyzed by repeated measures ANOVA
and Newman-Keuls post-hoc testing. p
Results: Tilt caused immediate, significant increases in MAP (?=5.0 ± 0.9 mmHg), IOP (1.0 ±0.3 mmHg), and OVP (1.5 ± 0.1 mmHg). BFcar, HR and
Flow were unaffected. The increase in MAP was significantly greater than the increases in IOP or OVP. Phentolamine decreased MAP, IOP, and Flow,
while BFcar, HR and OVP were unchanged.
Conclusions: The decrease in Flow accounts for the decrease in IOP after phentolamine. That result, coupled with the lack of OVP response to
phentolamine, indicates that alpha adrenergic tone does not contribute significantly to venous pressure regulation during tilt. The greater effect of
gravity on cranial arterial pressure than venous pressure requires further study.
Sponsor: N/A
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EFFECT OF POSTURE ON OCULAR HYDRODYNAMICS IN A RABBIT MODEL
Purpose: In humans, moving from an upright to a supine position causes gravity-dependent increases in cranial arterial and venous pressure (i.e., the
“hydrostatic column effect”). Curiously, the IOP increase to this posture change is smaller than expected for the change in height of the eye above the
heart, which suggests a venous regulatory mechanism, since the Goldmann equation predicts that IOP and EVP should change equally. This regulatory
mechanism is poorly understood, and so the purpose of this study was to develop an animal model to explore the effects of postural change on ocular
hydrodynamics.
Methods: In anesthetized rabbits (n=35), we measured mean arterial pressure (MAP), IOP, and orbital venous pressure (OVP) by direct cannulation;
carotid blood flow (BFcar) by transit time ultrasound, heart rate (HR) by a digital cardiotachometer, and aqueous flow (Flow) by fluorophotometry. The
protocol entailed 60 min of baseline measurements in a head up position, followed by 90 min of downward tilt (i.e., hindquarters level with head).
Results were analyzed by paired t-tests.
Results: Tilt caused immediate, significant increases in MAP, IOP, and OVP. MAP increased by 4.85 ± 0.44 mmHg (from 70.90 ± 0.88 to 75.76 ±
1.06, p0.05) as was BFcar (33 ± 1.5 Vs 34 ± 1.6 mL/min, p>0.05).
Conclusions: The increase in MAP was significantly greater than the increases in IOP or OVP (p<0.001). In addition, the increase in OVP was greater
than the increase in IOP (p<0.01). There was a slight, non-significant decrease in Flow during tilt, which may have contributed to the IOP increase being
smaller than OVP; alternatively, episcleral venous pressure may be better regulated than OVP. Nonetheless, the pattern of responses to posture
change in the rabbit model is qualitatively similar to those reported for humans, despite the much smaller size of the rabbit. We conclude that tilt in the
rabbit is a useful model for studying ocular hydrodynamic responses to changing posture.
Sponsor: American Health Assistance Foundation
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CHOROIDAL VASODILATION IN RESPONSE TO FACIAL NERVE STIMULATION IS FREQUENCY DEPENDENT AND CAN BE MODULATED BY L-NAME
Purpose: To investigate the frequency-dependent effect of facial nerve stimulation on choroidal blood flow. In contrast to our previous stimulation
protocols we put the focus on different frequencies as the resulting stimulation-response curve seems to be a powerful instrument for further
investigations on the neurovascular coupling in the eye. In addition, the effect of L-NAME on the frequency dependence of the effect of facial nerve
stimulation on choroidal blood flow was investigated in the present study.
Methods: Mean arterial pressure (MAP), intraocular pressure (IOP) and choroidal blood flow (ChorBF) were measured in anesthetized new Zealand
white rabbits (n = 8). MAP and IOP were measured invasively and Laser Doppler Flowmetry was used to measure choroidal blood flow. The facial nerve,
which carries parasympathetic fibers to the ciliary ganglion, was exposed in the middle ear cavity using an approach through the tympanic membrane.
A platinum electrode was used to apply pulse trains between 2 and 20 Hz (200µs, 2.5 mA, total duration of 20 s) before and after application of the
non selective NOS inhibitor, L-NAME (N-?-Nitro-L-Arginine-methylester, 128mg/kg, i.v. bolus).
Results: There is a direct correlation between frequency and response. With increasing frequency the IOP and the ChorBF increase. The use of the
L-NAME shifts the stimulation-response curve for ChorBF as well as for IOP downwards (see plot 1 and 2), but as previously shown it cannot block the
stimulation response completely, on the contrary, the effect is smaller than expected from other reports in the scientific literature.
Conclusions: As the stimulation-response curves illustrates the effect of L-NAME it seems to be a useful tool to investigate the effect of antagonists of
other players in neurovascular coupling of the eye like vasoactive intestinal peptide (VIP) or pituitary adenylate cyclase-activating polypeptide (PACAP).
Sponsor: N/A
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NMDA MEDIATED NOXIOUS RESPONSES FROM RAT CORNEA
Purpose: Glutamate is an excitatory neurotransmitter in the nervous system and is released from primary afferent nerves via vesicular glutamate
transporters as part of the neurogenic inflammatory response. Likewise in the cornea, glutamate is released along with substance P and CGRP during
corneal nerve injury/inflammation. From experiments in our lab, we have identified the presence of an ionotropic glutamate receptor, NMDA NR1
subunit, in the cornea. The relative contribution of the NMDA receptor, however, on the behavioral response to glutamate, the endogenous NMDA
agonist, on intact cornea is not known. The aim of this study was to determine if glutamate induces irritation in the intact cornea and if blockade by the
NMDA antagonist, amino-5-phosphonopentanoate (AP5) decreases glutamate induced responses.
Methods: In adult Sprague Dawley rats, the number of blinking and wiping movements evoked by topical application of 10µl of glutamate (1M) was
measured up to 30 seconds after glutamate instillation. Irritative response to topical application of a mixture of glutamate and AP5 in corneas
pretreated with AP5 was compared with corneas that received only glutamate.
Results: Topical application of glutamate induced significant blinking and wiping indicating corneal irritation. When AP5 was applied, nocifensive
behavior was significantly reduced.
Conclusions: Our data suggests that AP5 is a highly effective antagonist of glutamate induced corneal irritation. This receptor may serve as a
pharmacological target for controlling corneal pain/irritation.
Sponsor: NIH
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MONOCLONAL ANTIBODIES IN TREATMENT OF OCULAR INFLAMMATIONS AND MACULAR NEOVASCULARIZATION
Purpose: to demonstrate the increasingly significant role of monoclonal antibodies (MAb)in treating serious ocular diseases and inflammations
Methods: tracing the evolution of MAb as a very significant tool in dealing with many serious diseases including sight threatening ocular inflammations
and macular neovascularization
Results: MAb are currently one of the most efficient medications that are used in treatment of serious, sight threatening ocular inflammation and
macular neovascularization
Conclusions: MAb will continue to play an increasingly significant role in ocular therapeutics in sight threatening ocular diseases
Sponsor: N/A
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VERY HIGH ORAL DOSES OF VALACYCLOVIR SIGNIFICANTLY INHIBIT HSV-1 DNA SHEDDING INTO TEARS AND SALIVA OF HERPES SIMPLEX VIRUS
TYPE-1 LATENT RABBITS
Purpose: In a double-blind clinical trial, valacyclovir (7 mg/kg) alone or with aspirin (350 mg) did not reduce herpes simplex virus type 1 (HSV-1) DNA
shedding into tears from normal healthy adults (IOVS 50:5601, 2009). High oral doses of valacyclovir (= 140 mg/kg) can reduce but not completely
block viral shedding into tears of rabbits latently infected with a high phenotypic reactivator strain (McKrae) of HSV-1 (IOVS 51:4700, 2010). In this
study, very high oral doses of valacyclovir (250 mg/kg) were administered to HSV-1 latent rabbits to determine if this dose would completely block viral
shedding into tears and saliva. Drug treatment was twice daily for 11 consecutive days.
Methods: This study employed a crossover experimental paradigm with balanced groups based on spontaneous shedding of HSV-1 DNA in the initial
non-treated time. The experimental design had a five-day washout before the crossover. Viral shedding in tears and saliva of HSV-1 latent rabbits was
quantified by a real-time PCR.
Results: Valacyclovir significantly reduced the number of shedders from 90-100% to 10-20%. Samples positive for HSV-1 DNA were detected in only
the first five days of drug treatment. The last six days had no detection of HSV-1 DNA in tears and saliva. The average copy number of HSV-1 DNA in
the untreated or vehicle-treated groups for both tear and saliva samples was 375. For the groups treated with valacyclovir, the average copy number
was 15.
Conclusions: This was the first study of detection and quantification of HSV-1 DNA in saliva of HSV-1 latent rabbits. The high dose of oral valacyclovir
significantly blocks HSV-1 DNA shedding into the tears and saliva of HSV-1 latent rabbits. Very high oral doses of valacyclovir may be needed to
significantly block and/or completely inhibit asymptomatic HSV-1 DNA shedding in healthy human adults.
Sponsor: NIH/NEI, RPB, Louisiana Lions Eye Foundation, Lions International
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AUTOLOGOUS SERUM TEARS IN BEXAR COUNTY, TX: IMPROVING AVAILABILITY AND ACCESS
Purpose: Since 1984, serum tears have been proven to be efficacious in a number of different ocular surface disorders from Sjorgren’s syndrome to
Graft Versus Host Disease. To date, there is no FDA-approved standardized protocol for making autologous serum tears in the United States. This
technique is relatively simple and safe for patients but seems that it may be under-utilized due to the lack of awareness regarding formulation and
availability. The aim is to increase awareness and report the general principles in preparing autologous serum tears to better utilize this therapy.
Methods: Questionnaires were sent out to all local ophthalmologists in Bexar County to assess awareness in the community and baseline use and
indications for use of serum tears in current practice. The number of sites currently preparing serum tears and the established laboratory protocols for
preparing the product were also analyzed.
Results: There are only a few places in Bexar County that are comfortable preparing autologous serum tears and have done it successfully in the past.
The most popular location at this time is the San Antonio Eye Bank, having prepared tears for 36 patients since Oct 2008. There are some
compounding pharmacies who would be willing to add this to their list of services, however many have not yet made this available because of delays in
qualification processes and lack of standardized methods. Currently, most serum tears are made within 0-2 days of the sample being drawn,
centrifuged, and the serum is transferred and diluted with NaCl or BSS in a sterile hood. One bottle is good refrigerated for 30 days and frozen up to 6
months and is not covered by most insurances. Preliminary data on the usage of serum tears in Bexar County show that approximately 5 out of the
approximately 150 local physicians are utilizing serum tears and over 83% would use it more if it were made readily available.
Conclusions: Autologous serum tears are a great alternative to treatment of ocular surface disease, particular those that are refractive to conventional
treatments. Awareness of the availability of serum tears appears to be greatly lacking in Bexar County. This is in part due to unawareness, but also due
to lack of standardized protocols and insurance coverage, posing a problem with cost-effectiveness of the product. Hopefully, with increased
awareness and improvement in preparation, utilization will increase and aims at improving and streamlining the process and cost will follow.
Sponsor: N/A
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BENEFICIAL ANTIMICROBIAL TREATMENT OF SPORE-INDUCED BACILLUS CEREUS ENDOPHTHALMITIS
Purpose: Bacillus cereus is a common pathogen of post-traumatic endophthalmitis. B. cereus endophthalmitis almost always results in significant
vision loss, if not loss of the eye itself, despite treatment. In the environment, B. cereus most often exists in a non-vegetative state (i.e. as a spore) for
survival. This study compares the effectiveness of a fluoroquinolone in the treatment of infection initiated by B. cereus in vegetative and spore states.
We hypothesized that antimicrobial treatment of eyes infected with B. cereus spores would stifle germination and prevent bacterial growth, thus
preventing inflammation and vision loss.
Methods: Initial experiments involved comparisons of infection courses in experimental endophthalmitis initiated with vegetative B. cereus or B.
cereus spores. Rabbit eyes were intravitreally injected with 100 CFU vegetative B. cereus or 100, 500, or 1000 CFU spore equivalents of B. cereus. For
treatment experiments, infections were intiated as described above and infected eyes were intravitreally injected at 6 h postinfection with 0.1 mL
gatifloxacin (Zymar, 0.3%) or PBS. Infections were analyzed by ERG, quantitation of bacteria, and histology.
Results: Intraocular infection with 100 vegetative B. cereus resulted in rapid vision loss and explosive inflammation, as reported previously. In contrast,
100 B. cereus spores were cleared. Injection of 500 and 1000 B. cereus spores resulted in an infection course that was slower but eventually as
destructive as infection initiated by vegetative organisms. In eyes infected with 100 vegetative B. cereus, gatifloxacin treatment at 6 h postinfection
resulted in sterilization of all eyes, but significant loss of retinal function by 24 h postinfection. In eyes infected with 500 or 1000 spores, gatifloxacin
treatment at 6 h postinfection resulted in sterilization of all eyes and rescue of retinal function compared with that of untreated eyes.
Conclusions: Infection with B. cereus spores resulted in an infection course slower than that of infection with vegetative B. cereus. The lag in infection
course resulting from infection with B. cereus spores provided a window in which intravitreal administration of gatifloxacin was beneficial, resulting in
rescue of retinal function. In terms of the potential for treatment success in B. cereus endophthalmitis, intravitreal antibiotic administration remains a
viable course of action following potential intraocular infection with this pathogen.
Sponsor: Department of Defense grant CDMRP W81XWH-07-1-0280
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THERAPEUTIC EFFECTS OF PDE4 INHIBITION IN DRY EYE
Purpose: Disruption of homeostasis due to abnormal tear composition and volume in dry eye elicits inflammatory responses by ocular surface cells.
Corneal and conjunctival epithelial cells respond to hyperosmolar conditions by secreting cytokines that impair fluid secretion and barrier integrity.
These studies investigated modulation of inflammation and tear secretion in ocular tissue by elevation of intracellular levels of cAMP.
Methods: Localization of PDE4 in human ocular tissue was assessed by immunocytochemistry. A novel inhibitor of PDE4 (AL-59640), confirmed using
recombinant hPDE4 isoenzymes, was tested for inhibition of TNFa secretion in hyperosmolarity treated human corneal epithelial cells. Elevation of
cAMP by AL-59640 was confirmed in forskolin stimulated human conjunctival epithelial cells. Dry eye was established in rats by subcutaneous
implantation of a scopolamine loaded osmotic minipump and housing in low humidity. Corneal epithelial barrier breakdown was assessed quantitatively
by digital imagining of fluorescein. Tear secretion was quantified by the phenol red thread test.
Results: PDE4 is widely distributed in human ocular tissue with PDE4B and PDE4D predominant in corneal and conjunctival epithelial cells. AL-59640
potently (IC50=25nM) and selectively inhibited recombinant hPDE4, and elevation of cAMP was confirmed in forskolin stimulated human conjunctival
epithelial cells (EC50=1µM). AL-59640 potently (IC50=83nM) and dose-dependently inhibited TNFa secretion by human corneal epithelial cells
exposed to hyperosmotic conditions. In vivo, AL-59640 dose-dependently suppressed corneal epithelial barrier breakdown following topical treatment.
Maximal inhibition of corneal staining by AL-59640 was equivalent with that achieved with 0.1% dexamethasone. AL-59640 stimulated tear secretion in
normal animals and normalized tear secretion in dry eye rats. Dexamethasone did not affect secretion in normal or diseased rats.
Conclusions: The potent and specific PDE4 inhibitor AL-59640 elevated cAMP and inhibited cytokine secretion in human ocular surface epithelial cells.
AL-59640 administered to rats with tear deficient dry eye prevented corneal epithelial barrier breakdown equivalent to that achieved with a maximally
effective concentration of a steroid. The PDE4 inhibitor restored normal tear volume in dry eye rats whereas, the steroid did not exhibit this effect. PDE4
inhibition is a target for treatment of dry eye due to antiinflammatory and prosecretory effects.
Sponsor: N/A
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CYCLOXYGENASE (COX-1) VERSUS COX-2 INHIBITION TO ALLEVIATE LIPOPOLYSACCHARIDE (LPS)-INDUCED OCULAR INFLAMMATION IN A RABBIT
MODEL
Purpose: 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.
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: 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 LPS-induced 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.
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.
Sponsor: N/A
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ROLE OF REGULATORY T CELLS IN PROMOTING CORNEAL ALLOGRAFT SURVIVAL AND OCULAR IMMUNE PRIVILEGE
Purpose: To characterize the regulatory T cell populations that contribute to immune privilege in the anterior chamber of the eye and those associated
with corneal transplant survival.
Methods: C57BL/6 corneas were grafted orthotopically to BALB/c mice and the incidence and tempo of graft rejection were assessed under various
experimental conditions. In other experiments immune tolerance was induced by injecting C57BL/6 spleen cells into the anterior chamber (AC) of
BALB/c mice prior to subcutaneous immunization with C57BL/6 spleen cells. The capacity of AC injection of C57BL/6 alloantigens to induce
down-regulation of delayed-type hypersensitivity (DTH) was used as a measure of immune tolerance – a phenomenon termed anterior
chamber-associated immune deviation (ACAID). The effect of various immunologic maneuvers and immunomodulatory reagents on corneal allograft
survival and ACAID were evaluated.
Results: Fundamental differences and similarities were detected in the regulatory T cells (Tregs) induced by orthotopic corneal allografts and those
induced via AC injection of alloantigens. Corneal allograft Tregs and ACAID T reg development were prevented by: a) low dose cyclophosphamide; b)
anti-CD25 antibody; or c) anti-interferon-gamma. By contrast either anti-IL-17 treatment or by the induction of allergic conjunctivitis promoted corneal
allograft rejection, but did not affect the induction or expression of ACAID. Treatment with anti-CD8 antibody abolished ACAID without affecting the
survival of corneal allografts
Conclusions: The Tregs induced by AC injection of alloantigens are distinctly different from those induced by orthotopic corneal allografts. Interestingly,
both ACAID T regs and corneal allograft-induced T regs promote the survival of corneal allografts. The simultaneous induction of these Treg populations
may be an effective modality for enhancing the survival of corneal allografts in high-risk hosts.
Sponsor: N/A
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MUCOSAL IMMUNIZATION WITH PATHOGENIC MOLECULE (MIP-133) FROM ACANTHAMOEBA PRODUCE AN ANTI-DISEASE VACCINE AGAINST
ACANTHAMOEBA KERATITIS
Purpose: The mannose-induced cytopathic protein (MIP-133) play a key role in the pathogenesis of Acanthamoeba keratitis by inducing a cytopathic
effect on the corneal epithelium and stromal cells and by production of proteolytic enzymes that facilitate the invasion and penetration of trophozoites
through the basement membrane. The goal of the present study was to assess whether oral immunization with MIP-133 provide protection against
Acanthamoeba keratitis in a Chinese hamster animal model.
Methods: MIP-133 was isolated and purified by fast protein liquid chromatography and size exclusion chromatography. The purity of the concentrated
MIP-133 was confirmed by SDS-PAGE analysis The invasiveness of the trophozoites through a synthetic basement membrane (Matrigel) was examined
in vitro. Chinese hamsters were infected with A. castellanii laden contact lens.
Results: MIP-133 is detectable in 4 pathogenic strains of Acanthamoeba spp., but is absent in 3 nonpathogenic soil isolates of Acanthamoeba spp.
Pathogenic strains of Acanthamoeba spp invaded 3 fold faster through matrigel relative to nonpathogenic species. Serine protease inhibitors
abrogated invasiveness of trophozoites (P35% reduction in disease. Anti-MIP-133 mucosal antibody preparations significantly inhibited the cytopathic
activity of MIP-133 (P
Conclusions: These data suggest that once the trophozoites invade the cornea, MIP-133 production is necessary to initiate corneal disease, and plays
an important role in the subsequent steps of the pathogenic cascade of Acanthamoeba keratitis. Furthermore, anti-MIP-133 antibody can reduce the
clinical symptoms of disease. Thus, MIP-133 protein may represent an important immunotherapeutic target for the treatment of Acanthamoeba
keratitis.
Sponsor: N/A
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IMMUNOREACTIVITY IN ANIMALS WITH GLAUCOMATOUS RETINAL GANGLION CELL LOSS AFTER IMMUNIZATION WITH RETINAL ANTIGENS
Purpose: Antibodies against retinal and optic nerve antigens are detectable in glaucoma patients. Recent studies using a model of experimental
autoimmune glaucoma demonstrated that immunization with certain ocular antigens causes an immune-mediated retinal ganglion cell (RGC) loss in
rats.
Methods: In this study animals were immunized with a retinal ganglion cell layer homogenate (RGA) and compared to a control group was injected with
NaCl (CO). RGC density was quantified in retinal flatmounts after cresyl stain after six weeks. Intraocular pressure was measured throughout the study.
Retina and optic nerve cross-sections were used for detection of possible binding of autoreactive antibodies, via serum incubation followed by anti-rat
IgG antibody (Pierce), and activated microglia (anti-Iba 1 antibody; Wako Pure Chemical Industries). A possible retinal gliosis was also analyzed
(anti-GFAP antibody, Sigma-Aldrich).
Results: Here we show that immunization with retinal ganglion cell layer homogenate does not only lead to a reduced retinal ganglion cell density
(p=0.007) but also leads to a reactive Müller cell gliosis (p=0.001) as well as the invasion of activated microglia cells (RGA: 6.3±0.9 cells/mm, CO:
2.2±0.2 cells/mm; p=0.005). Additionally, we detected antibody deposits in the retina and an increase in autoreactive antibodies occurring after
immunization.
Conclusions: Our findings suggest that these antibodies play a substantial role in mechanisms leading to retinal ganglion cell death. The slow
dissolution of RGCs we observed in animals with autoimmune glaucoma is comparable to slow progressive RGC loss in glaucoma patients, thus making
this a useful model to develop neuroprotective therapies in the future.
Sponsor: German Research Foundation (DFG; grant JO 886/1-1)
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A NEW MOUSE MODEL OF HUMAN PRIMARY OPEN-ANGLE GLAUCOMA
Purpose: Elevated intraocular pressure (IOP) is a causative risk factor for the development and progression of glaucoma. Glaucomatous mutations in
Myocilin (MYOC) damage the trabecular meshwork and elevate IOP in humans and in mice. The overall goal of this work is to develop the first mouse
model of POAG. We must first develop the necessary techniques to use human POAG relevant transgene (i.e. mutant MYOC) expression in mouse eyes
to elevate IOP and cause glaucomatous optic neuropathy and retinopathy in mice. Using these techniques we can then conduct a mouse strain survey
to find the most susceptible strain.
Methods: 5 mouse strains (BALB/c, A/J, AKR/J, C3H/HeJ, and C57BL/6) were used in this study because genetic background can dramatically alter
the response of specific transgenes. Intravitreal injections were tested in one eye per mouse using saline, 5 X 107 pfu of Ad5.GFP or 5 X 107 pfu of
Ad5.MYOC.Y437H. Conscious IOPs were conducted using a TonoLab rebound tonometer. Retinal ganglion cell (RGC) damage was assessed by counting
cells in the RGC layer of retinal flat mounts stained with cresyl violet.
Results: Each technique involved in the study including intravitreal injections, conscious IOP measurement, and RGC flat mount and cell counting,
were tested for accuracy and consistency prior to conducting the strain survey. Intravitreal injections were evaluated clinically by ophthalmoscope
exam and by using Ad5.GFP injections, which indicated successful injections and healthy eyes post-injection. Each mouse used in the strain survey was
trained 3-4 times for conscious IOP readings. The training sessions allowed the animals to become acclimated to the process of being restrained and
having the tonometer probe hitting the cornea. After at least 3 training sessions, each animal had consistent IOP readings with standard deviations <
2 mmHg (n = 50 mice). The RGC flat mount technique was conducted on a series of retinas with progressive RGC damage (n = 25 mice). The retinas
were stained with cresyl violet and RGC number counted. These data successfully showed a reliable method for staining and counting RGCs.
Conclusions: The techniques necessary to conduct a strain survey to identify a mouse strain(s) with MYOC- induced ocular hypertension that develops
glaucomatous optic neuropathy and retinopathy have been tested for accuracy and consistency. The results show that each technique is reliable when
performed properly. Therefore, the full mouse strain survey is currently being performed.
Sponsor: N/A
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USING MOUSE MODELS TO IDENTIFY CRITICAL SIGNALING PATHWAYS IN GLAUCMATOUS NEURODEGENERATION
Purpose: Glaucoma is a complex neurodegenerative disease, likely involving multiple signaling pathways in different cell types. We previously showed
that the proapoptotic molecule BAX is required for retinal ganglion cell (RGC) apoptosis but not axonal degeneration in the DBA/2J mouse model of
glaucoma. Also we, and others, have shown that in DBA/2J mice axon injury is an important component of glaucomatous RGC death. To identify the
important molecular pathways at different stages, from the initial glaucomatous insult(s) to RGC loss, we utilize both candidate molecule and genome
wide approaches.
Methods: Controlled optic nerve crush followed by basic cell biological techniques were used for candidate gene analysis. For genome-wide gene
expression profiling, 110 Affymetrix microarray chips were used assessing 60 optic nerves and 50 retina from 10.5 month old DBA/2J or control mice.
Results: Using the candidate molecule approach, we focused on the JNK signaling pathway because it is known to activate BAX after axonal injury.
Injury to RGC axons induces rapid JNK signaling followed by increased expression of the proapoptotic genes Jun and Bim. Mice deficient in both Jnk2
and Jnk3 had significantly delayed RGC death and JUN and BIM expression. Jun or Bim deficient mice also had significantly delayed RGC death after
axonal injury. Thus, there may be a direct pathway from JNK activation to apoptosis in RGCs. However, it is still unclear how JNK and other later stage
degeneration pathways get triggered after a glaucomatous insult. Using genome-wide gene expression profiling we identified early pathways that may
trigger degeneration in glaucoma, apparently prior to activation of JUN signaling. Importantly, this experiment focused on eyes that were likely to have
experienced a glaucomatous insult, but did not show histological signs of glaucomatous injury. Computational analyses identified several pathways
that were activated in the optic nerve and/or retina very early in the disease process. Among these were the complement and endothelin pathways.
Targeting either of these pathways significantly protects RGCs from degeneration in DBA/2J glaucoma. Based on the known biology and expression
patterns of the complement and endothelin pathways some early and important events in glaucoma involve signaling that is extrinsic to RGCs.
Conclusions: Understanding how these early events trigger axonal and somal degeneration pathways in glaucoma will be critical for fully understanding
the disease.
Sponsor: NEI, RPB, HHMI
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PERFUSION CULTURED BOVINE ANTERIOR EYE SEGMENTS AS AN EX VIVO MODEL FOR GLAUCOMA RESEARCH
Purpose: Glaucoma is the leading cause of blindness worldwide. Although the mechanism is still not clear, studies have shown that elevated
intraocular pressure (IOP) is the key risk factor for the development and progression of primary open angle glaucoma (POAG), while lowering IOP
prevents disease progression and protects the optic nerve. Glucocorticoid treatment also causes IOP elevation and secondary glaucoma, which mimics
many features of POAG. Therefore, induction of ocular hypertension (OHT) is widely used to develop glaucoma models. However, in vivo animal models
are time-consuming and the ex vivo human eye model is limited by high cost, unstable supply and donor eye quality. Thus, we decided to test whether
perfusion cultured bovine anterior segments are a suitable model for glaucoma research.
Methods: After removal of the extraocular tissue, evaluation of eye integrity, and sterilization, the anterior and posterior segments were separated at
the equator. The vitreous, uvea, retina and lens were removed and the remaining anterior segment was mounted on a custom-made dish and clamped
with an O-ring. Bovine anterior segments were first perfused with perfusion medium at 5µl/min until IOPs were stable for 12 to 36 hours. Then, to
induce OHT, they were perfused with medium containing either ethanol (eth) as a vehicle control or dexamethasone (dex) for 5 to 7 days. IOP was
recorded every minute and data were averaged every 24 hours for analysis.
Results: We first studied whether the bovine TM tissue was well-maintained during perfusion culture. Histology studies showed that even after nine-day
perfusion culture, the morphology of the TM was similar to that of freshly dissected, non-perfused bovine eyes. Then, we tested whether OHT could be
induced by dex in this model. Treatment with 0.1µM dex caused elevated IOP in some bovine eyes, while others showed little change in IOP. To define
OHT, we analyzed data from 18 eth-treated control eyes and set the threshold at 2.82mmHg. Our data suggested that approximately 41% (12/29) of
the bovine eyes are dex-responders, which is very close to the dex-responsive rate observed in human and monkey eyes. To further validate our model,
we collected conditioned medium from perfusate for Western blot. We found that dex induced the expression of dex-inducible genes MYOCILIN and
FIBRONECTIN in perfusion cultured bovine anterior segments.
Conclusions: Perfusion cultured bovine anterior segments are a suitable model for studying dex-induced OHT and glaucoma research.
Sponsor: N/A
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MOUSE MODELS OF RETINAL VASCULAR DISEASE
Purpose: Mice deficient in the secreted protein NORRIN or its receptor FRIZZLED-4 (FZD4) exhibit incomplete vascularization of the neural retina.
However, due to early retinal vascular defects in the knockout models it has not been possible to study FZD4 contribution in ocular neovascular
disease. To further understand the role of this signaling pathway in physiological and pathological angiogenesis, we generated a monoclonal antibody
that neutralizes FZD4 function in vivo.
Methods: Antibodies were generated by immunizing FZD4 knockout mice with the FZD4 ectodomain. A monoclonal antibody (1.99.25) was discovered
that antagonizes NORRIN–induced beta-catenin accumulation in vitro. 1.99.25 and an isotype matched negative control antibody were evaluated in
models of developmental retinal angiogenesis (DRA), oxygen-induced retinopathy (OIR), retinal angiomatous proliferation (RAP) and laser-induced
choroidal neovascularization (CNV). We also investigated the role of FZD4 in maintaining the blood-retina barrier in normal adult mice.
Results: Administration of 1.99.25 to wild type newborn pups recapitulated the FZD4 knockout phenotype. In the in vivo models tested, 1.99.25
inhibited both physiological and pathological angiogenesis within the retina but did not affect pathological angiogenesis in the choroid. Inhibition of
FZD4 in developing vascular networks resulted in up-regulation of PLVAP, a marker of fenestrated vascular endothelium that is normally lost upon
assumption of tight barrier function. In the adult neural retina, treatment with 1.99.25 reinstated PLVAP expression in the deep capillary bed and
enabled passage of small and large molecules through the blood-retina barrier.
Conclusions: These results demonstrate that FZD4 is required for physiological and pathological angiogenesis in the retina and regulation of retinal
endothelial cell differentiation. Furthermore, we show that FZD4 is critical in maintaining the integrity of the mature blood-retina barrier.
Sponsor: N/A
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FRIZZLED-4 IS REQUIRED FOR RETINAL ANGIOGENESIS AND MAINTENANCE OF THE BLOOD-RETINA BARRIER
Purpose: Mice deficient in the secreted protein NORRIN or its receptor FRIZZLED-4 (FZD4) exhibit incomplete vascularization of the neural retina.
However, due to early retinal vascular defects in the knockout models it has not been possible to study FZD4 contribution in ocular neovascular
disease. To further understand the role of this signaling pathway in physiological and pathological angiogenesis, we generated a monoclonal antibody
that neutralizes FZD4 function in vivo.
Methods: Antibodies were generated by immunizing FZD4 knockout mice with the FZD4 ectodomain. A monoclonal antibody (1.99.25) was discovered
that antagonizes NORRIN–induced beta-catenin accumulation in vitro. 1.99.25 and an isotype matched negative control antibody were evaluated in
models of developmental retinal angiogenesis (DRA), oxygen-induced retinopathy (OIR), retinal angiomatous proliferation (RAP) and laser-induced
choroidal neovascularization (CNV). We also investigated the role of FZD4 in maintaining the blood-retina barrier in normal adult mice.
Results: Administration of 1.99.25 to wild type newborn pups recapitulated the FZD4 knockout phenotype. In the in vivo models tested, 1.99.25
inhibited both physiological and pathological angiogenesis within the retina but did not affect pathological angiogenesis in the choroid. Inhibition of
FZD4 in developing vascular networks resulted in up-regulation of PLVAP, a marker of fenestrated vascular endothelium that is normally lost upon
assumption of tight barrier function. In the adult neural retina, treatment with 1.99.25 reinstated PLVAP expression in the deep capillary bed and
enabled passage of small and large molecules through the blood-retina barrier.
Conclusions: These results demonstrate that FZD4 is required for physiological and pathological angiogenesis in the retina and regulation of retinal
endothelial cell differentiation. Furthermore, we show that FZD4 is critical in maintaining the integrity of the mature blood-retina barrier.
Sponsor: Lexicon Pharmaceuticals, Inc.
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CENTRAL CORNEAL THICKNESS AS AN ENDOPHENOTYPE OF GLAUCOMA
Purpose: Central corneal thickness (CCT) varies widely in humans and is an independent risk factor for primary open angle glaucoma (POAG). Although
there is an established association between CCT and POAG, little is known about the underlying biology of this striking association. Our previous work
demonstrated that CCT also varies in inbred mouse strains. Our long term goal is to utilize genetic approaches to apply these animal resources in the
search for new glaucoma therapeutics. Recently, QTL analysis of an intercross of mice with thin [C57BLKS/J (KS)] and thick [SJL/J (SJL)] corneas
identified a significant locus on chromosome 7 (Cctq1), spanning a 20 Mb region. The purpose of the current experiments was to test the significance
of Cctq1 using congenic mice and test for the possibility of gene-gene interactions influencing CCT.
Methods: Low-generation congenic KS.Cctq1(SJL) mice were generated by crossing KS x SJL to produce F1s. Progeny carrying the SJL alleles at Cctq1
were then backcrossed to KS for four generations. Reciprocal congenic mice (i.e., SJL.Cctq1(KS)) have also been created. N4 mice were intercrossed
and F2 offspring were measured for CCT using ultrasound pachymetry (at 100-120 days). To identify interacting QTL with the intercross between KS
and SJL mice, we performed the scantwo function of R/qtl using the same SNP genotype data that identified Cctq1. Significant interactions were
tested through stratified permutation analysis.
Results: KS.Cctq1(SJL) mice heterozygous for the congenic alleles (i.e., KS/SJL) had an average CCT value of 100.0 +/- 3.9 microns (mean +/- SD; n
= 24 mice). This is significantly higher than inbred KS mice (P
Conclusions: These results confirm the presence of a QTL on chromosome 7 that contributes to CCT and identify two new interactive QTL. The critical
regions contain several interesting candidates, including multiple genes influencing the extracellular matrix. As efforts utilizing high-throughput
sequencing remain underway to analyze these candidates, we are simultaneously initiating analysis of the regions of conserved synteny to test whether
the same loci also influence CCT in human.
Sponsor: National Eye Institute grant EY018825
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ANTI-AMYLOID IMMUNOTHERAPY BLOCKS RPE DAMAGE AND VISUAL FUNCTION DEFICITS IN AN AMD-LIKE MOUSE MODEL
Purpose: Amyloid beta (Aß) peptides, Aß1-40 (Aß40) and Aß1-42 (Aß42), have been implicated in age-related macular degeneration (AMD)
pathogenesis. We tested the hypothesis that in the apolipoprotein E4 (APOE4) mouse model of AMD, Aß accumulation initiates ocular damage at the
level of the retinal pigment epithelium (RPE)/choroid and that systemic administration of anti-Aß40/42 bi-specific antibodies can protect the animal
from this damage.
Methods: Aged male APOE4 mice (n=51, 65-87 wks old) were maintained on normal diet (ND) or switched to a high fat, cholesterol-enriched (HFC)
diet (n=42) for 8 wks. The mice switched to a HFC diet, APOE4-HFC, were further sub-grouped based on antibody treatment. Mice were randomly
assigned to three treatment groups with even distribution by age: normal control, APOE4-ND; affected control, APOE4-HFC; treatment group, anti-Aß
antibody injected animals that received 1X per week IP injections of [3 mg/kg] body weight/injection of anti-Aß40/42, APOE4-HFC + anti-Aß40/42. Full
field scotopic electroretinogram (ERG), histology, immunofluorescence microscopy and ELISAs were performed.
Results: Aged human APOE4 mice on a HFC form Aß-containing deposits basal to the RPE, exhibit histopathologic changes in the RPE and acquire a
deficit in scotopic ERG responses reflecting impairment of visual function. Strikingly, the ERG deficits are abrogated by systemic administration of an
antibody targeting the C-termini of Aß40 and Aß42 in a dose-dependent manner. Concomitant reduction in sub-RPE Aß, activated complement
products and morphological preservation of the RPE are associated with anti-Aß40/42 treatment and visual protection.
Conclusions: Our study identifies Aß as a viable therapeutic target for treatment of the dry form of AMD for which there is currently no effective
therapies.
Sponsor: N/A
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EASY AND RELIABLE GENOTYPING METHOD FOR TRANSGENIC RATS
Purpose: Transgenic endothelin-B receptor (EDNRB) gene deficient rats have been used as an animal model to study the relationship between EDNRB
gene and glaucoma. The purpose of this study is to simplify and standardize the routine genotyping screening for these transgenic rats and to develop
a method that can be easily used for assessing genes routinely for identifying gene offspring.
Methods: : Four week old rats were used to collected blood sample. The tip of the rat tail (1-2-mm) was cut and a 5-10ul blood sample was spotted
onto Flinders Technology Associate filter paper (FTA). Samples were allowed to air dry for one hour and a 2 mm disc from each sample was punched
into a PCR reaction tube. The sample was washed with 150ul FTA purification reagent five times and then rinsed by 150ul of ET buffer twice. The PCR
reaction was directly placed onto the FTA paper disc which retains the genomic DNA. PCR products were separated by 1% agarose gel.
Results: PCR products with a 650-bp fragment from the wild-type EDNRB allele and a 350-bp fragment from the sl EDNRB allele were successfully
amplified. A total of 57 rats have been screened, 16 were wild type, 13 were sl and 28 were heterozygous (wt/sl). All bands showed strong and clean
signals.
Conclusions: Compared to the traditional genomic DNA extraction from tail biopsies, this method has significantly reduced the amount of sample
needed. The entire process is completed in one day. Since the PCR reaction was performed in the same tube, it eliminated errors due to transferring
sample from tubes. This genotyping procedure is an easy, fast and reliable method that is suitable for routine genotyping screening for transgenic rats.
Sponsor: 1RO1EY019952-01

612 - Poster
Author: J Crawford Downs
Presenter: J Crawford Downs
Institution: Devers Eye Institute
Department: Ocular Biomechanics Laboratory
J. Crawford Downs, PhD Ocular Biomechanics Laboratory Devers Eye Institute Portland, Oregon 97232 Claude F. Burgoyne Optic Nerve Head Research
Laboratory Devers Eye Institute Portland, Oregon 97232 William P. Seigfried Ocular Biomechanics Laboratory Devers Eye Institute Portland, Oregon
97232
IOP TELEMETRY IN NON-HUMAN PRIMATES: INITIAL CHARACTERIZATION OF CONTINUOUS IOP AT MULTIPLE TIME SCALES
Purpose: IOP is the most common independent risk factor for development and progression of glaucoma. However, very little is known about the
dynamics of IOP because it is typically measured clinically every 3-12 months using a snapshot device. In research studies, IOP is measured daily or
hourly using similar techniques. We used IOP telemetry in awake, unrestrained nonhuman primates to characterize the dynamics of IOP over multiple
time scales.
Methods: We have adapted a proven implantable telemetric pressure transducer system to monitor IOP by integrating the transducer into a orbital
wall-mounted baseplate that is connected to the anterior chamber via a silicone tube. The total implant system is surgically implanted and all
components are internal to the animal. The implanted transmitter sends 500 IOP, ECG and body temperature measurements per second to an external
antenna. Data is acquired with a commercial system equipped with real-time barometric pressure compensation. We recorded continuous IOP 24
hours/day, 3 days/week for 9 months in two non-human primates, and for one month in a third animal. The continuous IOP signal was filtered for
dropout, then averaged using a time-window averaging technique at multiple times scales.
Results: IOP fluctuates as much as 10 mmHg day-to-day and hour-to-hour, and up to 45 mmHg second-to-second when measured continuously via
telemetry in unrestrained, awake non-human primates. Typical IOP fluctuations associated with saccadic eye movements and blinks occur frequently in
a resting primate, last 100-400 ms, and are 7-20 mmHg in magnitude. 10-minute time window averaging for a 24-hour period shows that IOP
fluctuates from 7-14 mmHg during the day, and those changes occur frequently and quickly. 2-hr time window averages for nineteen 24-hour periods
over 19 weeks in one animal shows that IOP follows no particular nycthemeral rhythm, which agrees with the most recent human studies on 24-hr IOP
variation.
Conclusions: We have successfully measured IOP continuously using a new, fully implantable IOP telemetry system that has demonstrated high
accuracy and low drift (<3 mmHg/mo). IOP fluctuates tremendously in the non-human primate, which indicates that snapshot IOP measurements may
be inadequate to capture the true dynamic character of IOP in non-human primates or human patients. In addition, IOP fluctuations of this magnitude
could be an important yet unknown contributor to IOP-related glaucomatous damage. (NIH R21 EY016149; Legacy Good Samaritan Foundation)
Sponsor: NIH R21 EY016149; Legacy Good Samaritan Foundation
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NEW MOUSE MODELS FOR INVESTIGATING DIABETIC RETINOPATHY
Purpose: New mouse models of early onset diabetes have been developed to address the relationship between hyperglycemia, pericyte degeneration,
aldose reductase and the onset of retinal vascular lesions.
Methods: Transgenic C57BL mice expressing either green fluorescent protein (SMAA-GFP) or human AR (SMAA-hAR) in vascular cells expressing
smooth muscle actin were crossbred to develop a new colony expressing both attributes. SMAA-GFP and SMAA-GFP-hAR mice were crossbred with
male C57BL/6-Ins2Akita/J mice. All offspring were genotyped. Retinal and lens sorbitol levels were determined by HPLC. Western Blots using
commercially available antibodies were used to measure growth factor and signaling expression in retinas of these mice and diabetic rats. ERG
changes were measured by standard procedures.
Results: Genotyping confirmed that all anticipated traits were present in >96% of all offspring from the SMAA-GFP, SMAA-hAR, and SMAA-GFP-hAR
colonies. Breeding male heterozygous C57BL/6-Ins2Akita/J mice with these transgenics produced viable offspring that naturally develop diabetes and
possessed both hAR and GFP in all capillary pericytes. The Akita transgenics developed diabetes at 8 weeks of age with blood glucose levels > 500
mg/dL for males compared to ca 325 mg/dL for females. Sorbitol levels in neural retinas were higher in C57B/6-Ins2Akita/J-SMAA-GFP-hAR mice
compared to C57BL/6-Ins2Akita/J-SMAA-GFP mice. C57B/6-Ins2Akita/J-SMA-GFP-hAR mice demonstrated retinal b-FGF, IGF-1, TGFβ, P-c-Raf, P-Akt,
P-SAPK/JNK, P- 44/42 MAPK expression similar to that observed in diabetic rats. Treatment of rats with aldose reductase inhibitors (ARIs) altered this
expression to that observed in the C57BL/6-Ins2Akita/J-SMAA-GFP mice where increased hAR expression was absent. Treatment of
C57B/6-Ins2Akita/J-SMAA-GFP-hAR mice with aldose reductase inhibitors reduced expression to levels observed in rats treated with ARIs. ERG
measurements in Akita/SMAA-GFP-hAR mice demonstrated a reduced b wave that was normalized by treatment with AL1576.
Conclusions: Similar growth factor and signaling to that observed with diabetic rats is present in diabetic mice expressing hAR. Introduction of retinal
hAR also results in functional ERG changes that are reversed by ARIs. These new mouse models should be valuable tools for assessing the role of AR
and hyperglycemia in retinal vascular lesions associated with diabetic retinopathy.
Sponsor: NIH EY016730
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ROLE OF PITUITARY ADENYLATE CYCLASE-ACTIVATING PEPTIDE IN DIABETIC RETINOPATHY
Purpose: To investigate the role of pituitary adenylate cyclase-activating peptide (PACAP) and receptors expression in the retina of streptozotocin
(STZ)-induced diabetic rats.
Methods: Diabetes was induced in rats by a single injection of STZ. PACAP peptide and receptors expression in normal and diabetic retinas were
assayed after 1 and 3 weeks by quantitative real-time PCR, Western blot and immunohistochemical analyses. A group of diabetic rats were injected
with PACAP peptide (100 nM; IVT) after one week from STZ, and Bcl2 and caspase 3 expression levels were then evaluated after 3 weeks.
Results: VPAC1 and VPAC2 receptors, as well as PACAP peptide mRNA levels were transiently induced by STZ-treatment after 1 week. These findings
were confirmed at the protein level both by immunoblot and immunohistochemistry. Three weeks after STZ treatment, PAC1, VPAC receptors and
peptide expression levels were remarkably reduced in diabetic as compared to nondiabetic retinas. Concurrently, STZ-treatment significantly
downregulated the expression of the antiapoptotic gene Bcl2 and upregulated the expression of the proapoptotic effector cleaved-caspase 3.
Interestingly, this effect was partially counteracted by the single PACAP intravitreal injection with a significant induction of Bcl2 gene and reduction of
cleaved-caspase 3 expression.
Conclusions: The initial transient upregulation of PACAP receptor and peptide and their subsequent downregulation in STZ-treated retinas suggest the
activation of an endogenous PACAP-mediated protective mechanism. Further, these data suggest that PACAP peptide may be useful in the treatment of
diabetic retinopathy, and that clinical studies to evaluate this possibility may be warranted.
Sponsor: N/A
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COMPOUND 49B PREVENTS NEURONAL AND VASCULAR CELL DAMAGE IN DIABETIC RAT
Purpose: To demonstrate that a novel ß-adrenergic receptor agonist, Compound 49b, can be administered topically to prevent the retinal neuronal and
vascular damage caused by streptozotocin-induced diabetes in the rat.
Methods: Three groups of rats were used: control, diabetic, and diabetic+Compound 49b. A concentration of 1mM Compound 49b was administered
topically once daily. Analyses of electroretinogram (ERG), blood glucose, body weight, intraocular pressure and blood pressure were assessed monthly.
Following 2 months of diabetes or diabetes+Compound 49b treatment, analyses were done for retinal thickness, number of cells in the ganglion cell
layer, TNFa, cleaved caspase 3, insulin receptor, and Akt protein levels. After 8 months of treatment and/or diabetes, retinal samples were assessed
for degenerate capillaries, pericyte ghosts, TNFa, cleaved caspase 3, insulin receptor, Akt, and IGFPB3 protein levels. Plasma levels of Compound 49b
were measured following topical and intravenous administration to test safety, as well as histological analyses of the left ventricle.
Results: All wave amplitudes for the ERG analyses were reduced in the diabetic group when compared to control or diabetic+Compound 49b
treatment at all time points. Compound 49b treatment maintained retinal thickness and numbers of cells in the ganglion cell layer similar to control
values, while diabetes decreased both retinal thickness and cell number in the ganglion cell layer. Topical Compound 49b significantly decreased the
formation of degenerate capillaries and pericyte ghosts compared to diabetic animals. These histological changes occurred concurrently with
increased insulin receptor and Akt phosphorylation and reduced TNFa levels and cleavage of caspase 3 in whole retinal lysates. Compound 49b does
not reach the systemic circulation when administered topically at the therapeutic dose and does not improve heart histology compared to diabetes alone.
Conclusions: Data suggest that Compound 49b does prevent the neuronal and vascular complications of diabetic retinopathy in the rat, notably the
retinal thinning, cell loss in the ganglion cell layer, and formation of degenerate capillaries and pericyte ghosts. Importantly, Compound 49b does not
reach the systemic circulation when administered topically and therefore, does not modify the histology of the heart. Overall, Compound 49b may be a
novel safe and effective therapy for diabetic retinopathy. Safety in other animal models will be the focus of future work.
Sponsor: JDRF, RPB, NEI, IRRF
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VISULIZING AND QUANTIFYING OUTER BLOOD-RETINA BARRIER BREAKDOWN: IMPLICATIONS IN FINDING A CURE FOR MACULAR EDEMA
Purpose: Although outer blood-retina barrier (BRB) is responsible for approximately 80% of blood circulation in the eye, the significance of its
breakdown in retinal vascular diseases has not been well-studied. We therefore established an imaging assay and examine the outer BRB-specific
leakage of macromolecules under diabetic, ischemic, and uveitic conditions. Using this assay, we also explore the therapeutic potential of treating
outer BRB breakdown in various rodent models.
Methods: Diabetic, ischemic, and uveitic rodents were injected intravenously with fluorescent macromolecules. The outer BRB-specific leakage in
diabetic, ischemic, and uveitic rodents was visualized and quantified by fluorescent microscopy. This imaging assay was also used to determine the
effect of inhibiting diabetes-, ischemia-, or uveitis-induced outer BRB leakage in mouse models of conditional gene knockout or biochemical inhibition.
Results: A microscopic imaging assay was developed to examine diabetes-, ischemia-, or uveitis-induced outer BRB breakdown specifically. Substantial
leakages of macromolecules through the outer BRB in diabetic and ischemic rodents were detected with this assay. The number of severe outer BRB
leakage sites is inversely proportional to the size of macromolecules. The outer BRB-specific leakage of macromolecules was significantly reduced in
mouse model of RPE-specific knockout of vascular endothelial growth factor (VEGF) or its receptor (VEGF-R2) and in mouse model of biochemical
inhibition of extracellular-signal-regulated kinase (ERK) signaling.
Conclusions: For the first time, a microscopic imaging assay for direct visualization and quantification of outer BRB-specific leakage of
macromolecules in diabetic and ischemic rodents was developed. Our results suggest that the breakdown of outer BRB contributes significantly to
overall blood-content leakage under diabetic and ischemic conditions and exudative retinal detachment under uveitic condition, through an autocrine
VEGF signaling mechanism. The breakdown of outer BRB under these pathological conditions can be treated with genetic and biochemical approaches.
Therefore, our study may have significant implications to the mechanism and diagnosis of uveitis and diabetic retinopathy. In addition, our imaging
assay is an excellent tool to screen drugs for the treatment of cystoid macular edema, which often occurs as a consequence of outer BRB breakdown
in uveitis and diabetic retinopathy.
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THERAPEUTIC EFFECT OF AN ANTIBODY BLOCKING A WNT RECEPTOR ON DIABETIC RETINOPATHY
Purpose: Our previous studies have shown that dysregulation of the canonical Wnt pathway in the retina plays key pathogenic roles in age-related
macular degeneration and diabetic retinopathy through mediating over-expression of angiogenic factors and inflammatory factors, suggesting that the
Wnt signaling represents a new therapeutic target for these ocular diseases. The purpose of this study is to evaluate the effect of a blocking antibody
for LRP6, a co-receptor of Wnt signaling, on Wnt signaling activation and on diabetic retinopathy.
Methods: A monoclonal antibody (mAb) specific for LRP6 was generated using a recombinant peptide of LRP6 extracellular domain. Wnt signaling was
induced by Wnt3a conditioned media or 25 mM glucose in cultured retinal pigment epithelial cells (RPEs) Muller cells, and retinal capillary endothelial
cells (RCECs). The canonical Wnt signaling activity was measured by phosphorylation of LRP6, cytosolic levels of ß-catenin and transcriptional activity
of TCF/ß-catenin using Luciferase assay. Expression of pro-angiogenic and pro-inflammatory factors was measured by Western blotting and ELISA. In
vivo, the mAb was injected into the vitreous of a rat model with oxygen-induced retinopathy (OIR), and rats with streptozotocin (STZ)-induced diabetes.
The therapeutic effects were evaluated using retinal vascular permeability assay and leukostasis assay.
Results: The mAb showed a high specificity and affinity to LRP6. In the cultured retinal cells, the mAb inhibited Wnt signaling induced by Wnt3A, Wnt1
and high glucose medium. Furthermore, the mAb also down-regulated the expression of VEGF, ICAM-1, and CTGF induced by Wnt ligand and high
glucose medium. In contrast, the mAb did not inhibit LiCl-induced Wnt signaling, indicating that the mAb blocks Wnt signaling at the receptor-ligand
interactions. In OIR rats, intravitreal injection of the mAb attenuated the Wnt pathway activation, down-regulated pro-angiogenic and pro-inflammatory
factors expression and reduced vascular leakage in the retina. Similarly, injection of the mAb also attenuated the Wnt pathway activation and
over-expression of pro-angiogenic and pro-inflammatory factors in the retina of diabetic rats. The mAb also ameliorated leukostasis in the retina
vasculature and vascular leakage in diabetic rats.
Conclusions: The mAb specific for the LRP6 ectodomain suppresses canonical Wnt signaling and inflammation in the retina, and thus, has therapeutic
potential for AMD and diabetic retinopathy.
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BENEFICIAL EFFECTS OF RATE-IG FUSION PROTEIN ON EARLY DIABETIC RETINOPATHY AND TACTILE ALLODYNIA
Purpose: RAGE (Receptor for Advanced Glycation Endproducts) has been implicated in the pathogenesis of numerous complications of diabetes. We
assessed the effect of a novel RAGE fusion protein inhibitor on retinal histopathology and nerve function, and on retinal inflammation.
Methods: C57BL/6J mice were made diabetic with streptozotocin, and some were given a RAGE fusion protein (10, 100, or 300 µg per mouse). Mice
were sacrificed at 2 mos and 10 mos of study for assessment of retinal vascular histopathology, accumulation of albumin in neural retina, cell loss in
ganglion cell layer, and biochemical and physiological abnormalities in retina. Tactile allodynia was measured on a paw at 8-9 mos diabetes.
Results: Leukostasis, expression of ICAM, accumulation of albumin in neural retina, nitration of retinal proteins were significantly increased in retinas
of mice diabetic for 2 months, and the number of degenerate retinal capillaries was significantly increased in mice diabetic for 10 months compared
to nondiabetic controls. Diabetes also enhanced sensitivity of peripheral nerves to light touch (tactile allodynia). All three doses of the RAGE fusion
protein inhibited capillary degeneration, accumulation of albumin in the neural retina, nitration of retinal proteins, and tactile allodynia. In contrast,
leukostasis and ICAM expression were not normalized by doses of drug that normalized the histopathology.
Conclusions: RAGE plays an important role in the pathogenesis of vascular lesions characteristic of early diabetic retinopathy and in sensory nerve
dysfunction in diabetic mice, and the beneficial effects on the retinal vasculature seem not mediated via leukostasis.
Sponsor: NIH

705 - Oral
Author: Rose Gubitosi-Klug
Presenter: Rose Gubitosi-Klug
Institution: Case Western Reserve University
Department: Pediatrics
Michaela Koontz, Ramaprasad Talahalli, Meghan Thompson, Stephanie Wong, CWRU, Cleveland, OH, 44106
SEX STEROID EFFECTS ON CAPILLARY DEGENERATION IN DIABETIC RETINOPATHY: A PROTECTIVE ROLE FOR ESTROGEN
Purpose: Clinical evidence suggests that the probability of diabetic retinopathy increases after puberty, implicating that sex steroids may modulate the
development of the retinopathy. We investigated the role of sex steroids on capillary degeneration in the mouse model of streptozotocin-induced
diabetes.
Methods: Male and female mice underwent surgical removal of the testes or ovaries, respectively, at three weeks of age followed by chemical
induction of diabetes. Retinas from control diabetic male and female mice were compared to retinas from diabetic male and female mice that had
undergone surgical removal of the gonads based on the following parameters: retinal capillary degeneration , inflammation (NF-kappaB expression),
and oxidative stress (retinal superoxide production). Retinal superoxide production was also assessed in female mice s/p ovariectomy but receiving
physiologic estrogen replacment. Mouse retinal microvascular endothelial cells were cultured in physiologic or high-glucose, treated with testosterone
or estradiol, and assessed for cell survival.
Results: Retinas from diabetic male mice had more capillary degeneration, NF-kappaB expression, and superoxide production than diabetic female
mice. (p
Conclusions: These studies suggest that sex steroids modulate the development of capillary degeneration in early diabetic retinopathy, with estrogen
playing a neuroprotective role. (NEI K08 EY016833)
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ROLE OF DELTA-OPIOID RECEPTOR IN RETINAL ISCHEMIC PRECONDITIONING
Purpose: To determine the role of delta-opioid receptors in the development of ischemic preconditining and retina neuroprotection against ischemic
injury.
Methods: Retinal ischemic preconditioning and retina ischemia was induced in anesthetized female Brown Norway rats by raising intraocular pressure
(IOP) above systolic blood pressure (155-160 mmHg) for 5 and 45 minutes, respectively. Selected rats were treated (i.p.) with a broad range opioid
receptor antagonist, naloxone (3 mg/kg) or selective delta-opioid receptor antagonist, naltrindole (3 mg/kg) for 1 hour prior to the ischemic
preconditioning. To quantitate post-ischemic functional recovery, electroretinograms were performed seven days following ischemic insult. TNF-a
production was measured by ELISA and immunohistochemistry.
Results: Administration (i.p.) of a broad range opioid receptor antagonist, 3 mg/kg naloxone, or a selective delta-opioid-receptors antagonist, 3 mg/kg
naltrindole, resulted in a significant attenuation in ischemic preconditioning (IPC) mediated retina neuprotection against ischemic retina injury when
measured by b-wave amplitude. To evaluate cellular events involved in this process, retinas were collected at 2, 4, 8, and 24 hours post ischemia
followed by TNF-alpha measurement by ELISA. There was a robust increase in TNF-alpha release between 2-24 hours post-ischemia, with peak release
occurring at 4 hours (non-ischemic rats 45 ±7 pg/mg versus ischemic rats 1186 ±12 pg/mg protein, n = 6-11). Ischemia-induced TNF-alpha release
was significantly inhibited when animals were treated with broad range opioid receptor agonist morphine (1 mg/kg). Immunohistochemistry data
demonstrated co-localization of TNF-alpha and GFAP immunostaining in the inner retinal layers of ischemic retina.
Conclusions: The data presented herein demonstrate that delta-opioid-receptor activation is required for the development of ischemic preconditioning.
The release of TNF-alpha after ischemic retina injury is an early event, which may initiate a downstream signaling cascade that leads to retinal ganglion
cell death. Current data also provide evidence that release of TNF-alpha under ischemic/stress conditions is opposed by opioid receptor activation.
Overall, data provide evidence that opioidergic ligands have the potential to protect against neuropathies, particularly those associated with ischemia.
Sponsor: NIH (NEI)
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EVALUATION OF ORALLY ACTIVE MULTI-FUNCTIONAL ANTIOXIDANTS IN A RAT MODEL OF LIGHT-INDUCED RETINAL DAMAGE
Purpose: Age-related macular degeneration (AMD) is the leading cause of vision loss and blindness in people over the age of 65. Recently,
light-induced retinal damage which is associated with oxidative stress and release of iron has been shown to be a model of retinal degeneration.
Therefore, we proposed to test our orally active, multi-functional antioxidants that can independently scavenge free radicals and chelate redox-active
metals in a model of light-induced retinal degeneration (LIRD).
Methods: Five-week-old Wistar rats were reared in dim light and divided into 3 groups of 24 rats each. One group served as control while the other two
groups of rats were fed standard diet supplemented with 0.05% either investigational compound JHX-4 or JHX-8. After two weeks, 12 of the rats in
each group were placed in Plexiglas restraints and exposed to 1000 lx light for 3 h (light-damaged, LD). The remaining rats were placed in similar
restraints for three hours but were not exposed to the light (non light-damaged, NLD). Immediately after light damage, 8 of the rats were euthanized
and the eyes were taken for biochemical assessment. Retinal oxidative stress markers were measured by ELISA and western blot. The remaining rats
from each group were again housed in the dim environment. Five days after light injury, retinal function was assessed by electroretinography (ERG).
Following ERG analysis, the whole eye was fixed, embedded in paraffin, sectioned, and H&E stained to measure the thickness of the outer nuclear layer.
Results: Retinal neuroprotection was observed by biochemical analysis, ERG measurements, and histology. Levels of retinal oxidative markers in LD
rats treated with JHX-4 or JHX-8 were reduced. In the LD rats, a significant reduction in ERG scotopic and photopic amplitudes was observed compared
to NLD rats. No reduction in maximum ERG amplitude was observed in similar rats treated with either JHX-4 or JHX-8. Protection of the rods and cones
was confirmed by histology as both JHX-4 and JHX-8 decreased the thinning of the outer nuclear layer.
Conclusions: In a LIRD model for dry-atrophic AMD, neuroprotection has been observed with the orally active multi-functional antioxidants, JHX-4 and
JHX-8, as demonstrated by levels of retinal oxidative stress markers, ERG waveform analyses, and morphological assessment. While this study
suggests that the multi-functional antioxidants JHX-4 and -8 may be beneficial for treating AMD, further investigations with other animal models of AMD
are required
Sponsor: NIH
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INCREASED EXPRESSION OF ENDOTHELIN B RECEPTOR AND RETINAL GANGLION CELL DEATH IN A RAT MODEL OF OCULAR HYPERTENSION
Purpose: Recent observations suggest the involvement of ETB receptors in the pathogenesis of glaucoma. This study aimed at investigating whether
there are any changes in the expression of ETB receptor in vivo in the Morrison’s elevated intraocular pressure (IOP) model of glaucoma in rats.
Methods: Adult ETB+/+ and ETB-/- transgenic Wistar rats and Brown Norway rats were used in this study. Retinal ganglion cells (RGCs) were
retrogradely labeled using Fluoro-gold. IOP was elevated in the left eye using the Morrison’s method (injection of hypertonic saline through episcleral
veins), while the right eye served as control. After IOP was elevated, rats were maintained for 2 to 4 weeks and sacrificed. Fluoro-gold labeled retinas
were isolated, flat-mounted, photographed using Zeiss LSM-510 confocal microscope, and labeled RGCs were counted. Brown Norway rats were
subjected to IOP elevation following which they were sacrificed. Retinas were sectioned and stained for ETB receptor expression by
immunohistochemistry. Colocalization of ETB receptor immunostaining was performed using an antibody to neuritin, a selective marker of RGCs.
Results: Immunohistochemical analysis showed that IOP elevation caused increased expression of ETB receptor in the RGCs, inner plexiform layer (IPL)
and inner nuclear layer (INL). Increased colocalization of ETB receptors with neuritin was identified mainly in RGCs and IPL in rat eyes with elevated
IOP. Furthermore, IOP elevation for 2 to 4 weeks in ETB+/+ transgenic rats caused appreciable loss of RGCs which was attenuated in ETB-/- transgenic
rats.
Conclusions: Increased intraocular pressure caused increased ETB receptor expression possibly through pressure-related mechanism. ETB receptors
may contribute to neurodegenerative effects seen in glaucoma.
Sponsor: National Eye Institute: 1RO1 EY019952-01
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EPIGENETIC TARGETS FOR PREVENTING NEURONAL CELL LOSS
Purpose: The major epigenetic markers that help regulate chromatin function, including directing appropriate gene expression, are DNA methylation
and histone modifications. DNA methylation provides an important road map that helps direct what genes can and cannot be expressed in both
differentiation and disease. Additionally, there is evidence that methylation is influenced by environmental factors. Differences in the methylation
patterns of an individual’s “epigenome” play a central role in a person’s disease susceptibility. Although it is currently technically difficult to alter DNA
methylation patterns, histone modifications are a more amenable target for therapeutic intervention. Covalent histone modifications include
methylation, acetylation, ubiquitination, and phosphorylation, among others. Acetylation of lysine residues on the H3 and H4 histones, for example, are
strongly linked to the activation (acetylated) or silencing (deacetylated) of transcription.
Methods: Retinal ganglion cell death was studied in a mouse model of acute optic nerve crush and the DBA/2J model of chronic glaucoma.
Results: Early in the process of retinal ganglion cell soma degeneration, also known as apoptosis, normal gene expression is suppressed. This
phenomenon is associated with a decrease in the acetylated pattern of histones in the promoters of these genes, and is linked to an increase in the
nuclear activity of the histone deacetylases HDAC2 and HDAC3. In an acute model of optic nerve damage in mice, the silencing of gene expression for
many endogenous genes is prevented by a single pre-treatment of a broad spectrum HDAC inhibitor. This treatment also provides some level of
protection of the somas, since cell loss is attenuated. Chronic application of HDAC inhibitors yields similar effects on aging DBA/2J mice with
glaucoma. Examination of some key genes expressed in ganglion cells suggests that one factor promoting survival may be the restoration of high
transcript levels of the anti-apoptotic BclX gene, the endogenous antagonist of both Bax and the intrinsic apoptotic pathway normally executed by
these cells.
Conclusions: These data provide a potential mechanism for how HDAC inhibitors are able to modulate and prevent neuronal death in multiple chronic
neurodegenerative disorders.
Sponsor: NEI EY12223, NEI P30 EY016665
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POTASSIUM CHANNELS, THE APOPTOTIC VOLUME DECREASE, AND NEUROPROTECTION
Purpose: Neuronal apoptosis is characterized by the early shrinkage and atrophy of the dendritic arbor and soma. This atrophy occurs very early in the
apoptotic program and has been termed the apoptotic volume decrease (AVD). Studies on neuronal populations in culture indicate that the AVD is due
to potassium efflux, through the rapid activation of delayed rectifier Kv type potassium channels, and accompanying water efflux leading to cell
shrinkage. A major player i n the AVD may thus be the phosphorylation of Kv2.1 channel by p38 MAP Kinase in dying cells. In non-neuronal cells
apoptosis can be induced by the heterologous expression of Kv2.1 channels. Blocking Kv2.1 function using dominant negative Kv2.1 isoform is able
to prevent the AVD and block cell death.
Methods: Shrinkage of retinal ganglion cells was studied in a mouse model of acute optic nerve crush. The timing of the AVD in the apoptotic program
was evaluated using Bax-deficient animals, while the K+ efflux was inhibited by a precursh intravitreal injection of BaCl2.
Results: Somas and nuclei proportionately shrink (range between 15-40%) in ganglion cells within 2 hours after optic nerve crush, well in advance of
other classic morphologic indicators of apoptosis, which take up to 7 days to appear in this paradigm. Nuclear shrinkage was typified by the formation
of heterochromatin. Nuclear condensation also occurred rapidly in Bax-deficient cells and persisted for up to 18 months after nerve damage.
Application of BaCl2 at the time of crush was able to attenuate the AVD, but only in cells resistant to apoptosis. The Kv2.1 channel, which regulates the
AVD in other neurons, was highly expressed in somas of the ganglion cell layer and axons in the optic nerve.
Conclusions: The AVD is a very early event in the apoptotic program of neurons. Evidence suggests that the AVD is caused by the early and rapid efflux
of intracellular K+, and may be one of the initiating events of the rest of the apoptotic program. Studies are underway to evaluate the role of Kv type
K+ channels in the AVD of retinal ganglion cells.
Sponsor: NIH Rprevent blindnessesearch to
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LOOKING BEYOND THE EYE FOR RETINAL NEUROPROTECTION
Purpose: Purpose: Glaucoma often involves pressure-induced injury to the optic nerve, retinal ganglion cell (RGC) degeneration, and a loss of vision.
These studies asked whether providing neuroprotection to the eye and visual pathway is more beneficial than treating the eye alone.
Methods: Methods: Cats received a unilateral partial optic nerve crush and either no treatment (NT), treatment of the injured eye alone with
brain-derived neurotrophic factor BDNF)at the time of the nerve injury, or treatment of the injured eye combined with bilateral delivery of BDNF to
visual cortex for either 2 or 4 weeks. After 1wk, 2wk, 4wk, or 6wk survival periods, pattern electroretinograms (PERGs) were obtained and the retinae
fixed, or prepared for Western blot analysis.
Results: Results: In peripheral retina, RGC survival for NT, eye only, and eye+cortex animals was 55%,78%, and 92%, respectively at 1wk, and
31%,60%,and 93% at 2wks. The PERGs showed a similar pattern of enhancement. After 4wks of treatment RGC survival was reduced (55%), but
PERGs were comparable to1wk-2wk animals, so we examined central retina (AC). In the AC, the NT, eye only, and eye+cortex animals showed
47%,78%,78% survival, respectively, at 2wks, and 13%,62%,and 77% survival at 4wks. Removing the pumps at 2wks, resulted in survival levels of 76%
and 67% in the AC at 4wk and 6wk post-crush. The PERGs from the 2wk treatment, but 4wk and 6wk survival, animals were comparable to those
measured in the 2wk animals. Western blot analyses showed: 2wks=elevated pErk1/2 and BDNF; reduced levels of TrkB, no change in pCREB: 4wks
w/2wk treatment=elevated levels of all components, except phosphorylated TrkB.
Conclusions: Conclusions: Application of BDNF to the eye and brain following optic nerve injury results in a significant increase in ganglion cell survival
relative to treatment of the eye alone. Single and dual treatment strategies are equally beneficial over the first week post-injury, but with longer
post-injury periods, the dual treatment approach provides a greater benefit. Both central and peripheral retina benefit strongly from the dual
treatment, with central retina being more stable long-term, even when cortical treatment is only 2wks.These studies suggest a need to ‘think beyond
the eye’ with respect to the development of neuroprotection strategies aimed at preserving retinal structure and function in glaucoma and other visual
disorders, and that long-term recovery might not require long-term treatment,once the insult is managed.
Sponsor: NIH/NEI
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SIGMA-1 RECEPTOR ACTIVATION AND MITOCHONDRIAL FUSION DURING HYPOXIA IN PRIMARY RETINAL GANGLION CELLS
Purpose: Activation of sigma-1 receptors (s1rs) have been reported to have neuroprotective effects in the prefrontal cortex, hippocampal tissue, and
retina. Recent work has demonstrated that neuroprotective actions of s1rs stem from their ability to maintain homeostatic levels of intracellular
calcium and maintaining mitochondrial function. The purpose of this study was to determine if primary retinal ganglion cells (RGCs) treated with a s1r
agonist can maintain mitochondrial size and distribution in primary retinal ganglion cells during hypoxia.
Methods: Purification and culture of RGCs were performed by sequential immunopanning from P3-P7 Sprague-Dawley rats. Primary RGCs were
transfected with MitoDsRed (DsRed2 fused to a mitochondrial targeting sequence of cytochrome c oxidase) after 3-5 days in vitro. Hypoxia treatment of
0.5% oxygen was administered to the primary RGCs for 6 hours and 8 hours. Primary RGC cultures were treated with pentazocine (s1r agonist) prior to
hypoxia treatment. After hypoxia treatment, cells were fixed with paraformaldehyde and visualized under a Zeiss 510 microscopy. RGCs containing
intact somas and three or more intact neurites were selected for observation.
Results: Mitochondria size and neurite distribution decreased in viable RGCs after 6 and 8 hours of hypoxia treatment. Primary RGCs treated with
pentazocine were able to maintain mitochondria size and distribution throughout the soma and neurites.
Conclusions: During hypoxia mitochondrial fission increased and mitochondrial distribution was reduced in primary RGCs. S1r's agonist attenuated the
hypoxic effects on mitochondrial fission. Mitochondrial integrity including size and distribution was also maintained. This study provides insight into a
novel mechanism by which s1rs could maintain RGC viability. Further studies are needed to evaluate if s1rs have a direct role and interaction in
maintaining mitochondria integrity.
Sponsor: N/A
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METHYLENE BLUE MEDIATED PROTECTION IN PRIMARY RETINAL GANGLION CELLS
Purpose: Glaucoma is a progressive optic neuropathy characterized by loss of retinal ganglion cells (RGC) and optic nerve degradation. Existing
treatments focus on lowering intraocular pressure (IOP); however, vision loss may still progress. Neuroprotective drugs are useful as an adjunct
approach to prevent further loss of RGCs; though, efficacious drugs are lacking. Methylene blue potentiates the electron transport chain by shuttling
elections from complex 1 to complex 3. The purpose of this study was to determine if methylene blue can protect RGCs from noxious stimuli.
Methods: Primary rat RGCs were isolated and cultured following a sequential immunopanning technique using P3-P7 Sprague-Dawley rats.
Approximately 25,000 RGCs were seeded per coverslip and cultured for 3 days before testing. The RGCs were treated for 24 hours with rotenone,
hypoxia, or staurosporine. Methylene blue was then assessed for protection of RGCs during each of these insults. Cell viability was measured using
calcein Am and ethidium homodimer-1.
Results: Rotenone significantly killed RGCs at concentrations of 100nM, 1uM, and 10uM. Methylene blue significantly protected RGCs at 1uM and
10uM.
Conclusions: Methylene blue is a neuroprotective compound that can protect retinal ganglion cells. Methylene blue’s ability to protect RGCs during
rotenone supports its mechanism of actions by modulating the electron transport chain. Further testing is needed to determine if methylene blue would
be an efficacious treatment for the protection of neurodegeneration.
Sponsor: N/A
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NEURONAL AND VASCULAR PROTECTION IN GLAUCOMA: DOES GALANTAMINE DO THE TRICK?
Purpose: A correlation between high intraocular pressure (IOP) and retinal ischemia has been established, but little is known about the relationship
between neuronal and vasculature degeneration in glaucoma. We previously demonstrated that the acetylcholinesterase inhibitor galantamine protects
retinal ganglion cells (RGCs) in experimental glaucoma. Here, we asked whether galantamine-induced neuroprotection correlates with changes in the
retinal microvasculature.
Methods: Chronic elevation of IOP was induced in Brown Norway rats by injection of a hypertonic saline solution into an episcleral vein (Morrison
model). Treatment began on the first day of IOP elevation by daily intraperitoneal dose of galantamine(3.5 mg/kg). Neuroprotection was evaluated by
quantification of RGC soma and axons, and by recording visual evoked potentials (VEPs) from the superior colliculus. The retinal vasculature was
visualized by lectin immunohistochemistry or dextran, and the density of retinal capillaries was quantified. Regional ocular blood flow was assessed by
quantitative autoradiography using N-isopropyl-p-14C-iodoamphetamine ([14C]-IMP), a diffusible radioactive tracer.
Results: At 5 weeks after ocular hypertension surgery, RGC death was accompanied by a dramatic reduction in the density of the retinal
microvasculature. Galantamine-mediated protection of RGCs (69%, n=16) correlated with marked preservation of capillaries in the retinal fiber layer
(70%, n=8) compared to vehicle (37% RGCs, n=14; 40% vessels, n=6). The preservation of vasculature correlated with marked restoration of the
retinal blood flow in glaucomatous eyes and recovery of the VEP in the corresponding superior colliculus. No changes in the choroidal vasculature were
observed in experimental glaucoma. Biochemical analysis indicated that blockers of muscarinic ACh receptors (mAChR) inhibited the neuro- and
vaso-protective effects of galantamine.
Conclusions: Our data indicate that galantamine-mediated neuroprotection in glaucoma correlates with vasculature preservation. Our study supports a
therapeutic role for galantamine in glaucoma and reveals mAChR as a potential clinical target for this neurodegenerative disease.
Sponsor: N/A
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EFFECT OF MORNING VERSUS EVENING DOSING OF 2% DOZOLAMIDE ON INTRAOCULAR PRESSURE USING TELEMETRY IN NEW ZEALAND WHITE
RABBITS
Purpose: To evaluate the intraocular pressure (IOP) lowering effect of 2% dorzolamide given topically in the morning or evening using telemetry for
collecting IOP in New Zealand White (NZW) rabbits.
Methods: Each right eye of two NZW rabbits was implanted with a pressure transmitter DSI (Data Sciences International, St. Paul, MN) TA11PA-C40
modified to have a 15-cm catheter and a 5-mm tip using a published procedure (McLaren, JW et al. IOVS 37:966-75, 1996). RMC-1 (DSI) receivers
were used to capture the signals. IOP was monitored intermittently for 18 months in the implanted right eyes using P3P Ponemah software (DSI). The
contralateral eyes did not receive the implant. A single dose of 2% dorzolamide was topically administered near the start of the light (AM) and dark
(PM) cycles (12/12 hr). Baseline IOP (prior to treatment) and treatment IOP were each recorded continuously for 24 hours. Data from three trials for
each dosing time (AM or PM) over a period of 5 weeks were collected.
Results: Consistent with previous publications and our data, IOP of NZW rabbits showed a circadian rhythm with high IOP in the dark cycle (4-6 mmHg
above the level during the light cycle). The magnitude and duration of the IOP lowering effect of dorzolamide given in the evening prior to the beginning
of the dark cycle was greater when compared with that observed following the morning dose (IOP values were compared to those from untreated eyes
measured the preceding day at the same time). These differences were consistent in the 3 trials over a period of 5 weeks.
Conclusions: In NZW rabbits, 2% dorzolamide was more effective in lowering IOP when given in the evening prior to the dark cycle as compared to
when it was given at the beginning of the light cycle in the morning.
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OVEREXPRESSION OF TRANSCRIPTION FACTOR BRN3B CAUSES NEURITE OUTGROWTH AND AXON ELONGATION IN 661W CELLS
Purpose: Brn3b is a POU domain transcription factor shown to play key role in regulating retinal ganglion cell axon outgrowth in developing mice. The
purpose of this study was to determine if overexpression of Brn3b could promote axon outgrowth in 661W cells.
Methods: 661W cells seeded on 100 mm dish and grown to 60% confluence. The 661W cells were transfected either with AAV-Brn3b (an expression
vector encoding Brn3b cDNA) or AAV-MCS (empty vector). Nuclear extracts were isolated from these cells and analyzed for Brn3b and GAP 43 proteins
by immunoblot analysis. In another set of experiments, 661W cells were seeded on 25mm cover slip and transfected with eitherAAV-Brn3b or AAV-MCS.
Using immunocytochemistry, Brn3b and GAP 43 expression were analyzed, in 661W cells overexpressing transcription factor Brn3b in 661W cells
expressing empty vector AAV-MCS. Morphological changes in 661W cells transfected with Brn3b were studied by using confocal microscopy
Results: Immunoblot analysis showed overexpression of Brn3b in 661W cells transfected with Brn3b cDNA. Overexpression of transcription factor
Brn3b in 661W cells produced morphological changes including increased neurite outgrowth and axon elongation. An increased immunostaining for
Brn3b and axon-specific GAP43 was also observed in 661W cells overexpressing Brn3b.
Conclusions: Transcription factor Brn3b could promote neurite outgrowth and axon elongation in 661W cells.
Sponsor: Department of Defence W81X WH-10-2-003
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NOVEL SELF-DELIVERING RNAI COMPOUNDS (SD-RXRNA) DEMONSTRATE ROBUST EFFICACY IN VITRO AND IN VIVO
Purpose: Introduction of small interfering RNAs (siRNAs) into cells results in potent and specific gene silencing by RNA interference (RNAi). While
siRNA-based drugs represent a new and potentially significant therapeutic paradigm, effective application to ocular disease has been hampered by
poor tissue and cell delivery. We have developed a new class of chemically modified self-delivering RNAi compounds (sd-rxRNATM) that enter cells
without a delivery vehicle. Our goal is to develop a novel RNAi therapeutic platform that is broadly applicable to a wide range of ocular disorders.
Studies demonstrating extended duration of silencing by sd-rxRNA in mouse eyes after intravitreal administration are described.
Methods: Target mRNA silencing by sd-rxRNA in cultured human retinal pigment epithelial (ARPE) cells was quantified by the QuantiGene bDNA assay
(Panomics) in the absence of transfection reagent. For in vivo studies, sd-rxRNA was intravitreally administered to mice. Vehicle (PBS) or a
chemistry-matched, non-targeting sd-rxRNA (NTC) was administered to contralateral eyes as a control. For in vivo efficacy studies whole eyes were
harvested and mRNA levels were quantified by qPCR from dissected retinas. To assess delivery, fluorescently-labeled sd-rxRNA (Fl-sd-rxRNA) was
viewed by confocal microscopy.
Results: Initial studies undertaken with sd-rxRNAs targeting a ubiquitously expressed gene established the value of sd-rxRNA as a potential treatment
modality for the reduction of disease-causing gene products in the retina. Treatment of ARPE cells in vitro with sd-rxRNA resulted in significant
reduction of the targeted mRNA compared to control treated cells (>65%, P
Conclusions: sd-rxRNA is efficiently taken up by mouse retinal cells following intravitreal injection resulting in statistically significant silencing of a
targeted gene for at least 2 weeks. Prolonged silencing establishes the potential value of sd-rxRNA for the treatment of retinal disorders resulting
from overexpressed genes supporting the possibility of an improved dosing regimen over currently marketed treatments (e.g., for age-related macular
degeneration). (Private funding)
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THE PROSPECT OF CUSTOMIZED STEM CELL THERAPY FOR RETINAL DEGENERATIVE DISEASES
Purpose: To investigate the potential utility of patient-specific human induced pluripotent stem cells (hiPSCs) for retinal disease modeling, drug
screening and cell replacement.
Methods: Lentiviral and vector-free, transgene-free reprogramming techniques were used to derive hiPSC lines from fibroblasts of a patient with
gyrate atrophy (GA), an inherited retinal degenerative disease that primarily affects the retinal pigment epithelium (RPE). The GA-hiPSC and control
WT-hiPSC lines were characterized to ensure pluripotency and normal karyotype, and then differentiated to an RPE fate using a targeted protocol
designed to enrich for retinal progeny. The activity of ornithine aminotransferase (OAT), the enzyme mutated in GA, was assayed in the GA-hiPSC-RPE
and WT-hiPSC-RPE in the presence of escalating doses of the OAT cofactor pyridoxal phosphate (vitamin B6). Lastly, in collaboration with Dr. Sara
Howden of Dr. James Thomson’s lab, homologous recombination techniques were employed to correct the underlying defect in the OAT gene in
GA-hiPSCs, followed by further characterization, differentiation to an RPE fate, and testing for OAT activity.
Results: Multiple GA-hiPSC lines were derived that expressed appropriate pluripotency markers, formed teratomas, possessed a normal karyotype, and
retained the patient-specific OAT mutation. RPE cells generated from the WT-hiPSC line displayed high levels of OAT activity in vitro, whereas
GA-hiPSC-RPE failed to demonstrate OAT function in the presence of 50 ?M pyridoxal phosphate. However, addition of 600 ?M pyridoxal phosphate
increased OAT activity in GA-hiPSC-RPE greater than 40-fold, to levels near that of WT-hiPSC-RPE. Lastly, the point mutation in the OAT gene was
repaired in the GA-hiPSC line using a targeted homologous recombination approach without inducing karyotype abnormalities.
Conclusions: Human iPSC technology holds promise as a tool to investigate retinal disease pathophysiology, accelerate drug discovery, and develop
customized cell-based therapies for inherited retinal disorders. (Sources of support: Foundation Fighting Blindness, Retina Research Foundation, UW
Eye Research Institute, Research to Prevent Blindness)
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ENDOPLASMIC RETICULUM STRESS IN RETINAL DEGENERATION OF P23H RHODOPSIN TRANSGENIC RATS.
Purpose: Autosomal dominant retinitis pigmentosa (ADRP) is frequently associated with mutation in the rhodopsin (RHO) gene, which codes for rod cell
opsin. The P23H RHO mutation, which relatively common in North America is thought to form a misfolded protein resulting in endoplasmic reticulum
(ER) stress, activation of the unfolded protein response (UPR) and triggering apoptosis. The goal of this project is to study the ER stress-signaling
network in transgenic animals to further validate new therapeutic targets for ADRP gene therapy.
Methods: We isolated retinas from postnatal day (P) 30 P23H (line 3) Rho transgenic rats and Sprague-Dawley (SD) wild-type rats to study the
activation of ER stress signaling by monitoring the peIF2a, sXbp1, CHOP, pATF6, caspase-7 by immunoblots or by RT-PCR.
Results: We found that in P23H Rho rats, photoreceptors levels of cleaved ATF6, pEIF2a, CHOP and caspase-7 were much higher compared to SD rats.
For example, in P23H-3 Rho rats, we observed up to a 3-fold increase in the cleaved pATF6 50kD protein, a 51% increase in peIF2a, a 26% increase in
the level of CHOP protein and an almost 4-fold increase in activated caspase-7. At P30 we also observed persistence of the IRE1 pathway in transgenic
retinas. The level of spliced Xbp1 mRNA was 4-fold higher in P23H Rho rats compared to wild-type rats.
Conclusions: Our findings indicate that the misfolded opsin activates the UPR signaling in P23H-3 RHO rats and this could be a trigger of apoptosis in
ADRP photoreceptors. The BiP/Grp78 over-expression modulates the UPR and leads to functional and morphological preservation of P23H-3 RHO
photoreceptors. We also propose that pro-apoptotic CHOP protein, caspase-12 and caspase-7 could be potential candidates for the future ADRP gene
therapy.
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INTERVENTION OF RETINAL DEGENERATION IN RATS WITH ERYTHROPOIETIN GENE-MODIFIED MESENCHYMAL STEM CELLS
Purpose: Based on the facts that both erythropoietin (EPO) and mesenchymal stem cells (MSCs) showed protective effects to retinal cells and
blood-retinal barrier (BRB), and improved retinal functions when given independently into the eye, an adult stem cell-based EPO gene therapy for
retinal degeneration was developed and the present study is to test the effects of such therapy in Sodium Iodate (SI) induced retinal degeneration in
rats.
Methods: Retinal degeneration was induced in rats by single i.p. injection of SI. Rat MSCs (rMSCs) were isolated from femurs bone marrow aspirates
of male adult SD rats, then suspended for neural sphere formation and co-cultured with retinal pigment epithelium (RPE) determination medium for in
vitro differentiation to RPE. EPO gene was transduced into rMSCs by lentivirus, in two designs: constantly expressing and controlled expression with
Dox which was supplied daily in water. Both rMSCs and EPO gene modified rMSCs (EPO-rMSCs) were transplanted into the subretinal spaces. The
transplantation efficiency of donor cells was examined for their survival, integration, and differentiation into retinal cells. The rats were examined with
direct fundus ophthalmoscope, fluorescence angiography (FFA) and electroretinogram (ERG) at different time points. The retinal morphology was also
examined after the rats were killed.
Results: Following the transplantations, the donor cells were observed scattered in the retina and adopted into BRB like morphology. Both rMSCs and
EPO-rMSCs survived well. Their intervention effects on neurosensory retina were demonstrated by fundus examination and ERG, in SI-treated rats after
the transplantation of rMSCs or EPO-rMSCs with or without regulatory designs. At different time points within 2 months after the transplantations,
therapeutic effects of both rMSCs and EPO-rMSCs, with or without controlled expression mechanism, were confirmed by FFA and histology
examinations. EPO concentration in vitreous and retina in SI-treated plus EPO-rMSCs transplanted rats were significantly increased, in parallel with the
improvement of retinal morphology and functions.
Conclusions: Subretianl transplantation of EPO-rMSCs might be a better therapeutic procedure for degenerative retinal diseases since such gene
modified stem cells demonstrated a superpostional effects of both cell therapy and gene therapy and showed an better improved support to the
morphology and functions of RPE, retinal neurons and BRB in degenerative retinal disease in rats.
Sponsor: N/A
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GENE THERAPY AND GLAUCOMA
Purpose: To generate basic science parameters needed for the development of gene therapy drugs to treat glaucoma. To select viral vectors, genes
and inducible elements to obtain optimal delivery of a therapeutic gene to the trabecular meshwork (TM) of the eye and lower elevated intraocular
pressure (IOP).
Methods: Replication-deficient Adenovirus (Ad), Adeno-associated viruses (AAV) and self-complementary AAV (scAAV) carrying reporter genes were
assessed in primary human TM cells, and single dose-injected into the anterior chamber of living animals. Relevant human TM genes were selected by
microarray analysis. Ad vectors were constructed carrying TM targeting and glucocorticoid-inducible promoters in the 5’ region of reporters and/or
extracellular matrix (ECM) remodeling genes. Naked, commercial siRNA, was tested for transfer and functional silencing in human perfused anterior
segments from post-mortem donors and living rats.
Results: Ad viruses are the highest efficiency vectors to deliver genes to the TM. In living animals, high concentrations of Ad elicit an immune
response, and expression is limited to 3-4 weeks. Despite being the favored vector for the retina, AAV viruses are unable to transduce the TM. In
contrast, second generation scAAV do transduce the TM and have a fast onset (4 days). No immune or adverse effects are triggered and transgene
expression lasts 3.5 months in rats and 2.35 years in monkeys. Of the serotypes tried, scAAV2/5 is the most TM specific. siRNAs to the glucocorticoid
(GC) receptor silences GC-induced downstream genes in organ cultures. Labeled siRNA can be transferred to the TM of living rats, but it is short-lived. A
GC-inducible Ad vector, overexpressing matrix metalloproteinase protein 1 (MMP1) only in the presence of DEX, is able to reduce IOP in a sheep model
of steroid glaucoma.
Conclusions: The combination of different gene transfer strategies is leading to the possibility of generating gene-drugs to lowering IOP. scAAV viral
vectors provide prolonged and safe transduction in the TM of rats and monkeys. Promoter regions carrying GC and TGFß2 response elements provide a
controlled gene-drug delivery system. The enzyme MMP1 proved the first gene to lower elevated IOP in a large animal model of steroid-glaucoma.
Continuing studies on other candidate genes and improved regulation systems could facilitate the development of TM drugs for gene therapy
treatment of glaucoma.
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CONE TARGETED GENE THERAPY
Purpose: Strategies that target therapeutic genes to retinal cones are worthy goals both because cone photoreceptor diseases are severely vision
limiting and because many retinal diseases that do not affect cones directly eventually lead to cone loss, the reason for eventual blindness. We have
developed an AAV vector system that efficiently targets gene expression to cones in rodents, dogs and monkeys.
Methods: To test the generality of its usefulness as a therapy for cone diseases, we asked whether AAV-mediarted delivery of the appropriate wild type
gene could restore cone function, cone structure and cone mediated visual in three genetically distinct mouse models of Achromatopsia, one dog
model of Achromatopsia and a monkey model of X-linked red color blindness, protanopia. Each is a good phenotypic model for the corresponding
human cone disorder.
Results: AAV vectors expressing the appropriate wild type gene, GNAT2, CNGA3 or CNGB3 for the three mouse models, CNGB3 for the dog model and
OPN1LW (red opsin gene) for the protanopic monkey were injected subretinally into one eye of cohorts affected animals. At multiple times after
treatment, up to 3 years, cone function was tested by ERG analysis, cone structure analyzed histologically, and cone-mediated vision evaluated by
optokinetic visual acuity testing for mice, maze navigation testing for dogs and color discrimination sensitivity testing for monkeys. In all cases we were
able to demonstrate recovery of nearly normal cone function, preservation of cone cells and restoration of cone-mediated vision.
Conclusions: These results using AAV vectors to deliver four different genes in three mammalian species representing models of four human cone
diseases validate the overall strategy of targeting cones using AAV vector technology and justifies its translation into human clinical trials.
Sponsor: NIH, MVRF, FFB
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GLAUCOMA BIOMARKER DISCOVERY USING QUANTITATIVE PROTEOMIC ANALYSIS OF TGF-BETA AND DEXAMETHASONE TREATED TRABECULAR
MESHWORK CELLS
Purpose: Toward a better understanding of the mechanisms underlying POAG and secondary steroid-induced glaucoma, we quantified proteomic
changes in cultured trabecular meshwork (TM) cells following treatment with transforming growth factor ß2 (TGF-ß2 ) or dexamethasone (Dex). TGF-ß2
is a cytokine involved in the pathogenesis of primary open angle glaucoma (POAG), and anti-inflammatory drugs like Dex frequently cause a secondary
glaucoma that mimics POAG.
Methods: Primary cultures of TM cells from four human donors were treated with TGF-ß2 (5 ng/ml) for 48 h or with Dex (100 nM) for 10 days. Cellular
protein was extracted, digested with trypsin, and peptides labeled with iTRAQ tags (isobaric tags for relative and absolute quantitation). TGF-ß2 or Dex
treated TM peptide samples were combined with corresponding untreated samples, fractionated by strong cation exchange chromatography, and
analyzed by LC MS/MS. Proteins were identified using the Mascot search engine and the Swiss-Protein database and quantified from iTRAQ labeling
using code written in R. Select protein quantification was corroborated by western immunoblotting.
Results: A total of 853 proteins were quantified and 47 differentially expressed proteins were identified following TGF-ß2-treatment; 30 of these were
significantly elevated and 17 were significantly reduced. A total of 718 proteins were quantified and 41 differentially expressed proteins were
identified following Dex treatment; 20 of these were significantly elevated and 21 were significantly reduced. Twenty proteins exhibited similar and
significant differential expression with both treatments. The common changes in protein expression induced by both TGF-ß2 and Dex could disrupt at
least three TM cell processes, namely, cytoskeletal/cell-cell interactions, cell-matrix/ECM remodeling, and mitochondrial metabolism.
Conclusions: Proteomic changes observed in TM cells treated with TGF-ß2, which is elevated in glaucomatous aqueous humor (AH), likely contribute to
increased resistance in the AH outflow pathway and to elevated intraocular pressure in POAG. Similarly, the Dex-induced proteomic changes likely
contribute to increased risk of glaucoma in steroid responders. Together the results provide a foundation for targeted glaucoma biomarker discovery
for individual proteins or sets of proteins in plasma or aqueous humor for assessing glaucoma risk and monitoring glaucoma therapeutics.
Sponsor: N/A
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A PATHWAY BASED APPROACH TO BIOMARKER IDENTIFICATION IN UVEAL MELANOMA
Purpose: Despite major technical advances in eye sparing surgery that have achieved local tumor control, a decrease in uveal melanoma mortality has
not occurred. In patients who succumb to metastatic disease, undetectable micro-metastases exist at initial presentation. Ideally, biomarkers would be
used to identify individuals with microscopic systemic disease at initial diagnosis, so that non-toxic but effective adjuvant treatment can be initiated;
treatment when tumor burden is low should be more effective than attempts to treat advanced macroscopic disease. The same biomarkers used to
diagnose microscopic disease can be monitored to confirm effectiveness of adjuvant therapy. Possibly biomarkers based on the molecular pathways
that drive UM clonal expansion and evolution could have advantages in sensitivity and specificity. Since these pathways may also constitute targets for
therapy, pathway-based biomarkers could have a role in monitoring the intended pharmacodynamic effects of therapy.
Methods: Using SNP, gene expression and CpG methylation arrays to analyze clinically annotated primary tumors, potential pathways in uveal
melanoma pathogenesis were identified.
Results: Of particular interest in biomarker and therapy development, genetic-epigenetic interaction in disease pathogenesis was identified. Recurrent
genetic abnormalities produce haploinsufficiency or deletion of key DNA binding factors with consequent epigenetic repression of downstream target
genes of these DNA binding factors. Promoter CpGs with methylation levels that inversely correlate with gene expression have been identified. Both the
genetic and epigenetic abnormalities, such as aberrant EDNRB promoter methylation, could have a role as biomarkers.
Conclusions: The epigenetic abnormalities are potentially reversible and therefore in theory excellent targets for epigenetic-based therapy. In addition
to a potential role as plasma biomarkers of microscopic disease, the methylated DNA sequences could be pathogenically relevant pharmacodynamic
parameters.
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MALDI IMAGING MASS SPECTROMETRY: A NEW APPROACH TO BIOMARKER DETECTION IN OCULAR TISSUES
Purpose: To develop MALDI imaging mass spectrometry for determining the spatial distributions of potential biomarker molecules in ocular tissues.
Methods: Ocular tissues imaged include lens, retina, and optic nerve from rodent models and humans. Frozen tissue sections (10-15 um thick) or
whole retina were mounted on a MALDI target plate and coated with matrix (2,5-dihydroxybenzoic acid or sinapinic acid). Matrix application was
accomplished by spray coating, robotic spotting, or sublimation. MALDI images were acquired by scanning the MALDI laser across the tissue surface at
100-200 micron resolution for lens and retina and 10 micron resolution for optic nerve using Bruker instruments. Bruker FlexImaging software was
used to assemble the images of selected ions of interest. Molecular identification was accomplished by tandem mass spectrometry and accurate
mass measurements (for lipids).
Results: MALDI images of lens proteins, soluble crystallins and membrane protein aquaporin-0, indicate distinct regions of modification with fiber cell
age. Extensive truncation was observed for most proteins in the human lens core. MALDI images of A2E in retina preparations indicate spatial
distributions of A2E in both mouse models and human tissue, the intensity of which increased with age. A2E is located in the peripheral regions of the
human retina samples examined. MALDI images of lipids in rat and mouse optic nerve show differential distributions of lipids in the nerve and between
the nerve and retina layers.
Conclusions: MALDI imaging is capable of producing spatial distributions of multiple molecular classes found in ocular tissues and many images can
be generated from a single experiment. Molecular species that are invisible to standard immunohistochemistry approaches can be imaged. Thus,
MALDI imaging represents a new imaging modality that can reveal the expression levels and spatial distributions of potential disease biomarkers in
ocular tissues.
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BIOMARKERS FOR AGE-RELATED MACULAR DEGENERATION
Purpose: Only a fraction of patients diagnosed with early-stage age-related macular degeneration (AMD) progress to advanced disease. Despite
multiple known AMD susceptibility genes, many individuals carrying risk genotypes never develop advanced AMD and clinicians cannot predict which
patients will progress to severe visual loss. Our goal is to develop prognostic technology to assess risk for severe visual loss from AMD and to monitor
the efficacy of AMD therapeutics.
Methods: Blood was collected from clinically documented AMD and age-matched healthy donors. Plasma carboxyethylpyrrole (CEP) and CEP
autoantibody levels were determined by ELISA. DNA was genotyped by direct genomic sequencing or restriction analysis. Carboxymethyllysine (CML),
pentosidine and fructosyl-lysine were measured in plasma protein hydrolysates by LC MS/MS or LC fluorimetry. Protein in the macular region of Bruch’s
membrane/choroid from early/mid dry AMD, advanced dry AMD, advanced wet AMD and normal control postmortem eyes was quantified by LC MS/MS
iTRAQ (isobaric tags for relative and absolute quantitation) technology.
Results: Mean CEP adduct, CEP autoantibody, CML and pentosidine levels were found elevated in AMD plasma over a broad age range.
Fructosyl-lysine, a marker of early glycation was unchanged between controls and non-diabetic AMD. The AMD risk predicted for those exhibiting
elevated CEP markers and AMD risk genotypes was 2-3 fold greater than the risk based on genotype alone. CEP in combination with genomic markers
provided up to ~80% AMD discrimination accuracy. CEP, CML, and pentosidine together provided AMD discriminatory accuracy of ~90%. From 901
proteins quantified in AMD macular Bruch’s membrane/choroid, 56 proteins were elevated and 43 reduced relative to control tissue. About 60% of the
elevated proteins are involved in immune response and host defense. Up to 16 proteins were found elevated or decreased in each category of AMD
progression.
Conclusions: Plasma protein oxidative modifications like CEP, CML and pentosidine offer potential prognostic tools for assessing risk of AMD
susceptibility and progression. Proteins elevated and decreased in macular AMD Bruch’s membrane/choroid provide targets for plasma proteomic
signatures of AMD risk. Proteomic and genomic AMD biomarkers are more effective in assessing AMD risk together than alone.
Sponsor: N/A

