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Program Number: 1947 Poster Board Number: B0451
Presentation Time: 11:00 AM–12:45 PM
Nutritional Supplementation Inhibits the Increase in Serum 
Malondialdehyde in Patients with Wet Age-related Macular 
Degeneration
Kei Takayama, Toshiyuki Matsuura, Hiroki Kaneko, Hiroshi Fukukita, 
Keiko Kataoka, Yosuke Nagasaka, Taichi Tsunekawa, Yasuki Ito, 
Hiroko Terasaki. Department of Ophthalmology, Nagoya University 
Graduate School of Medicine, Nagoya, Japan.
Purpose: To compare serum levels of malondialdehyde (MDA) in 
patients with wet age-related macular degeneration (wAMD), patients 
with dry AMD (dAMD), and patients without AMD, and to evaluate 
the efficacy of nutritional supplementation for treating elevated serum 
MDA in patients with wAMD.
Methods: MDA levels were measured in sera from 20 patients with 
wAMD, 20 with dAMD, and 24 without AMD (mean age was  
71.8 ± 11.0 years, 70.6 ± 12.5 years, 68.2 ± 10.2 years, respectively). 
Correlations between serum MDA levels and ages, visual acuity, 
or choroidal neovascular lesion area measured by fluorescein 
angiography images in eyes with wAMD / geographic atrophy area 
measured by fundus autofluorescence images in eyes with dAMD 
were analyzed. Patients with wAMD were randomized to receive or 
not receive nutritional supplementation (10 patients in each group), 
and MDA levels were measured after 3 months of treatment.
Results: MDA levels in patients with wAMD  
(9.94 ± 1.53 pmol/ml) were significantly greater compared with 
patients without AMD (9.04 ± 0.96 pmol/ml, P = 0.031). An increase 
in MDA was also observed in the dAMD group  
(9.30 ± 0.92 pmol/mL) compared with the control group, although 
the difference was not significant. In eyes with wAMD, there 
was a significant correlation between MDA levels and choroidal 
neovascularization lesion area (P = 0.038, r = 0.39). After 3 months 
of treatment, serum MDA levels in patients received supplementation 
decreased from 10.34 ± 2.03 pmol/ml at baseline to  
8.88 ± 1.18 pmol/ml (P = 0.064) and significantly increased from 
9.54 ± 0.70 pmol/ml at baseline to 10.41 ± 1.36 pmol/ml in those who 
did not (P = 0.012).
Conclusions: Baseline serum MDA levels were elevated in patients 
with wAMD, and MDA levels were directly correlated with 
choroidal neovascularization lesion area. In addition, nutritional 
supplementation appeared exert a protective effect against oxidative 
stress in patients with wAMD.
Commercial Relationships: Kei Takayama, None; 
Toshiyuki Matsuura, None; Hiroki Kaneko, None; 
Hiroshi Fukukita, None; Keiko Kataoka, None; Yosuke Nagasaka, 
None; Taichi Tsunekawa, None; Yasuki Ito, None; 
Hiroko Terasaki, None

Program Number: 1948 Poster Board Number: B0452
Presentation Time: 11:00 AM–12:45 PM
Targeting Transforming Growth Factor beta 2 (TGF-β2) mRNA 
with ISTH0036 as Novel Therapeutic Intervention in Neovascular 
Ocular Disease
Katja Wosikowski1, Inge van Hoven3, Jooseppi Puranen2, Lies de 
Groef3, Anne Mari Haapaniemi2, Jurgen Sergeys3, Simon Kaja2, 
Giedrius Kalesnykas2, Lieve K. Moons3, Michel Janicot1. 1Preclinical 
Research and Development, Isarna Therapeutics, Munich, Germany; 
2Experimentica, Kuopio, Finland; 3Biology Department, Zoological 
Institute, KU Leuven, Leuven, Belgium.
Purpose: Although anti-VEGF therapeutics represent a significant 
step forward in treating neovascular eye diseases, insufficient 
response to anti-VEGF-treatments represents a significant clinical 
problem. Therefore, novel therapies with alternative molecular 
mechanisms of action are desirable. We recently reported potent 
activity of ISTH0036, a LNA-modified antisense oligonucleotide 
specifically targeting the sequence of TGF-β2 mRNA, in a murine 
glaucoma filtration surgery model. The aim of the present studies was 
to evaluate the therapeutic potential of ISTH0036 in a murine model 
of laser-induced choroidal neovascularization (CNV).
Methods: Effect of ISTH0036 on TGF-β2 mRNA expression and 
cell migration was explored on murine astrocytes to ensure target 
engagement and pharmacological effect in these cells. The posterior 
eye tissue distribution was determined following intravitreal (IVT) 
injection of DIG-labeled ISTH0036. Subsequently, the effect of the 
drug was studied in a murine CNV model by performing 3 laser-
induced burns on the Bruch’s membrane of the eyes  
(n= 5-9 mice/group). IVT injections of test items were performed 
directly after laser treatment. Experimental outcomes included 
inflammation (CD45 staining, on day 5), presence of CNV pathology 
(FA and OCT, on days 5-14), angiogenesis (FITC-dextran staining, on 
day 14), and fibrotic processes (collagen I deposition, on day 28).
Results: ISTH0036 showed potent downregulation of target mRNA 
and inhibition of migration of murine astrocytes in cell based assays. 
ISTH0036 was detectable in most of the tested posterior eye tissues; 
including sclera, retina, choroid and ciliary body. In the murine CNV 
model, ISTH0036 was shown to significantly reduce the process of 
angiogenesis in a dose-and sequence-dependent manner. Beneficial 
inhibitory effect of ISTH0036 on the progression of CNV pathology 
and vascular leakage was demonstrated. In addition, and in contrast 
to existing anti-VEGF treatments, deposition of collagen was 
significantly reduced with ISTH0036.
Conclusions: Our results confirm that targeting TGF-β2 in CNV 
may represent an attractive modality for the effective treatment 
of neovascular ocular diseases such as wet AMD and diabetic 
retinopathy. Demonstrated potent inhibitory effects on vascular 
leakage, angiogenesis and fibrosis support further clinical 
development of ISTH0036 in these relevant indications.
Commercial Relationships: Katja Wosikowski, Isarna Therapeutics 
(E); Inge van Hoven, Isarna Therapeutics (F); Jooseppi Puranen, 
Experimentica (E); Lies de Groef, Isarna Therapeutics (F); 
Anne Mari Haapaniemi, Experimentica (E); Jurgen Sergeys, 
Isarna Therapeutics (E); Simon Kaja, Experimentica (C); 
Giedrius Kalesnykas, Experimentica (E); Lieve K. Moons, Isarna-
Therapeutics (F); Michel Janicot, Isarna-Therapeutics (C)
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Program Number: 1949 Poster Board Number: B0453
Presentation Time: 11:00 AM–12:45 PM
Biodegradable polymeric microparticles allow sustained 
durability of a multimodal anti-angiogenic peptide to treat 
neovascular age-related macular degeneration
Jayoung Kim1, Raquel Formica2, Ron Shmueli1, 3, 
Adam Mirando1, Niranjan B. Pandey1, 3, Aleksander S. Popel1, 3, 
Peter A. Campochiaro2, Jordan J. Green1, 3. 1Biomedical Engineering, 
Johns Hopkins University, Baltimore, MD; 2Ophthalmology, 
Johns Hopkins Wilmer Eye Institute, Baltimore, MD; 3AsclepiX 
Therapeutics, Baltimore, MD.
Purpose: A novel collagen-derived anti-angiogenic peptide is 
effective against choroidal neovascularization (CNV) following 
intravitreal injection in neovascular age-related macular degeneration 
(NVAMD) models in mice. In order to increase duration of action 
of the peptide and minimize intravitreal dosing frequency, we report 
biodegradable polymeric microparticle (MP) delivery systems that 
encapsulate and protect the biomimetic peptide from degradation, 
enable controlled release, and demonstrate prolonged therapeutic 
effect in vivo.
Methods: Three poly(lactide-co-glycolide) PLGA MP formulations 
with varying polymer hydrophobicity and shape were formulated 
using a single emulsion method to study the kinetics of peptide 
release and therapeutic efficacy. For anisotropic ellipsoidal MPs, 
spherical MPs casted on poly(vinyl alcohol) film were physically 
stretched at above glass transition temperature. For suppression of 
CNV, C57BL/6 mice received intravitreal injections for different 
periods of time prior to laser induction. Mice were sacrificed 2 weeks 
following laser induction and area of NV was quantified.
Results: 4-5 μm PLGA MPs with 0.5-1% loading of the peptide 
by mass were injected in mouse vitreous at a 50 μg peptide dosage. 
While naked peptide showed significant suppression of NV only 
up to 2 weeks, less hydrophobic PLGA MP (LMP) loaded with the 
peptide maintained its efficacy of more than 25% suppression up to 
8 weeks. More hydrophobic PLGA MP (HMP) further extended the 
efficacy to 16 weeks and showed 33% suppression in comparison to 
control eye. Ellipsoidal PLGA MP derived from HMP, which mitigate 
acute immune response due to their anisotropic shape, also sustained 
significant NV suppression for an extended period of time to at least 
16 weeks (Figure).
Conclusions: Ellipsoidal biodegradable PLGA MPs can successfully 
deliver anti-angiogenic peptide and prolong its therapeutic effect 
for at least four months in a murine NVAMD model without any 
observed visual impairment following a single intravitreal injection. 
This approach is promising to enhance the durability of a novel 
biomimetic multimodal anti-angiogenic peptide to treat NVAMD.

Inhibition of neovasculature over time in a murine laser-induced 
CNV model following a single intravitreal injection of ellipsoidal 
PLGA HMPs encapsulating anti-angiogenic peptide.
Commercial Relationships: Jayoung Kim, None; 
Raquel Formica, None; Ron Shmueli, AsclepiX Therapeutics 
(E); Adam Mirando, None; Niranjan B. Pandey, AsclepiX 
Therapeutics (E); Aleksander S. Popel, AsclepiX Therapeutics (S), 
AsclepiX Therapeutics (I), AsclepiX Therapeutics (R), AsclepiX 
Therapeutics (P); Peter A. Campochiaro, Genzyme (F), Applied 
Genetic Technologies (C), Rxi (F), Allegro (C), Regeneron (F), 
GlaxoSmithKline (F), Aerpio Therapeutics (F), Aerpio Therapeutics 
(C), Intrexon (C), AsclepiX Therapeutics (F), Allegro (F), Rxi (C), 
Regenxbio (F), AsclepiX Therapeutics (C), Oxford Biomedica (F), 
Merck (C), Allegro (I), Regenxbio (C), Alimera (C), Graybug (I), 
Alimera (F), Genentech/Roche (C), Genentech/Roche (F), Graybug 
(C); Jordan J. Green, AsclepiX Therapeutics (S), AsclepiX 
Therapeutics (I), AsclepiX Therapeutics (R), AsclepiX Therapeutics 
(P)
Support: NIH grants 1R21EY022986-01,1R43EY024495, and 
1R43EY025903.

Program Number: 1950 Poster Board Number: B0454
Presentation Time: 11:00 AM–12:45 PM
Activation of Liver X Receptor α Protects Amyloid β1-40 Induced 
Inflammatory and Senescent Responses in Human Retinal 
Pigment Epithelial Cells
Bo Lei2, 1, Bingling Dai1, Hui Peng1. 1Ophthalmology, 1st Hosp 
Chongqing Med Univ, Chongqing, China; 2Henan Eye Hospital, 
Henan Eye Institute, Zhengzhou, China.
Purpose: To investigate whether activation of the liver X receptors 
(LXRs) inhibits amyloid β1-40 (Aβ1-40) induced inflammatory and 
senescent responses in human retinal pigment epithelial (RPE) cells.
Methods: Confluent cultures of human primary RPE and ARPE-19 
cells pretreated with 5 μΜ of TO901317 (TO90) or vehicle were 
incubated with 1 μΜ of Aβ1-40 or Aβ40-1. The optimum concentrations 
of Aβ1-40 and TO90 were determined by cell viability assay. Pro-
inflammatory cytokines IL-6, IL-8, MCP-1 were detected by 
real-time polymerase chain reaction (PCR) and enzyme-linked 
immunosorbent assay (ELISA). Expression and localization of an 
aging protein p16INK4a (p16) was analyzed by western blotting and 
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immunofluorescence. Expressions of LXRs and one of their target 
genes ATP-binding cassette transporter A1 (ABCA1) were examined 
by real-time PCR and western blotting. Phosphorylated transcription 
inhibition factor-κB-α (p-IκB-α) was assessed by western blotting.
Results: There was a negative linear relationship between the Aβ1-40 
concentration and the cell viability, indicating Aβ1-40 decreased 
ARPE-19 cell viability in a dose dependent manner. Aβ1-40 enhanced 
the expression of IL-6, IL-8, MCP-1 as well as p16 in both RPE cell 
lines at both mRNA and protein levels, whereas TO90 counteracted 
these detrimental effects. TO90 upregulated the expression of LXRα 
and its target gene ABCA1, but it did not affect the expression of 
LXRβ. Meanwhile, TO90 inhibited the phosphorylation of IκB-α 
mediated by Aβ1-40 stimulation.
Conclusions: Activation of the LXRα-ABCA1 axis alleviates Aβ1-40 
induced inflammatory and senescent responses in RPE cells. The 
beneficial effect appears associated with the inhibition of the NF-κB 
signaling pathway.
Commercial Relationships: Bo Lei, None; Bingling Dai, None; 
Hui Peng, None
Support: National Natural Science Foundation of China grants 
81271033 and 81470621. Chongqing Science and Technology 
Commission 2014pt-sy10002

Program Number: 1951 Poster Board Number: B0455
Presentation Time: 11:00 AM–12:45 PM
Novel Glycosylated VEGF Decoy Receptor Fusion Protein, 
VEGF-Grab3 showed superior anti-angiogenic efficacy to 
Aflibercept (Eylea): a potential therapeutic agent for exudative 
Age-related macular degeneration (AMD)
Hye kyoung Hong2, Eun jin Lim3, Na-Kyung Ryoo1, Sang Jun Park1, 
Young Mi Na1, Jae Yong Chung4, Ho Min Kim3, Kyu Hyung Park1, 
Se Joon Woo1. 1Department of Ophthalmology, Seoul National 
University College of Medicine, Seoul National University 
Bundang, Seongnam-si, Korea (the Republic of); 2Department of 
Ophthalmology, Seoul National University College of Medicine, 
Seoul National University Bundang, Seongnam-si, Korea (the 
Republic of); 3Graduate School of Medical Science and Engineering, 
Korea Advanced Institute of Science and Technology, Daejeon, 
Korea (the Republic of); 4Department of Clinical Pharmacology and 
Therapeutics, Seoul National University College of Medicine, Seoul 
National University Bundang, Seongnam-si, Korea (the Republic of).
Purpose: To investigate the therapeutic potential for AMD, in vitro 
and in vivo efficacy, safety, and intraocular pharmacokinetics of a 
novel Glycosylated VEGF Decoy Receptor Fusion Protein,  
VEGF-Grab3 were compared with those of Aflibercept  
(Eylea, VEGF-Trap-Eye).
Methods: The binding affinity of drugs to VEGF and PlGF were 
assessed using a biacore assay. For the evaluation of in vivo anti-
angiogenic efficacy, choroidal neovascularization (CNV) and oxygen 
induced retinopathy (OIR) mouse models were used. High dose 
(25μg/1μL) and low dose (2μg/1μL) of VEGF-Grab3 and Aflibercept 
were injected intravitreally in the right eyes. Ocular toxicity was 
evaluated up to 30 days and was compared between two drugs with 
histopathologic and electromicroscopic analysis of mouse eyeballs. 
Intraocular pharmacokinetics were also investigated using rabbit 
eyes.
Results: Affinity of VEGF-Grab3 to VEGF and PlGF was about 
3-fold higher than Aflibercept. In vivo anti-angiogenic efficacy 
of VEGF-Grab3 was superior than Aflibercept for low dose 
administration while it was comparable for high dose administration. 
The mouse retina treated with the two drugs showed mildly increased 
müller cell activation and senescence of retinal pigment epithelial 

cells. However, no discernible ocular toxicity was observed. 
Intraocular pharmacokinetic profiles were similar between two drugs.
Conclusions: The new anti-VEGFR decoy protein, VEGF-Grab3 
showed a superior therapeutic efficacy to Aflibercept with similar 
safety and pharmacokinetic profiles. Up to now, VEGF-grab3 is 
the most potent anti-VEGF agents that can be used for neovascular 
retinal diseases such as exudative AMD.

Commercial Relationships: Hye kyoung Hong, None; Eun 
jin Lim, None; Na-Kyung Ryoo, None; Sang Jun Park, None; 
Young Mi Na, None; Jae Yong Chung, None; Ho Min Kim, None; 
Kyu Hyung Park, None; Se Joon Woo, None

Program Number: 1952 Poster Board Number: B0456
Presentation Time: 11:00 AM–12:45 PM
Systemic Pharmacodynamic Efficacy of a Complement Factor 
B Antisense Oligonucleotide in Preclinical and Phase 1 Clinical 
Studies
Michael McCaleb1, Tamar R. Grossman1, Peter Adamson2, 
Scott Henry1, Richard S. Geary1, Steve G. Hughes1, Brett P. Monia1. 
1Ionis Pharmaceuticals, Carlsbad, CA; 2GlaxoSmithKline, Stevenage, 
United Kingdom.
Purpose: Over-activation of the alternative pathway (AP) of 
complement system may have a role in the development of 
geographic atrophy (GA) secondary to AMD. Complement factor 
B (FB), a pivotal fluid-phase component of AP, is produced 
predominately in the liver and circulates at high levels throughout 
the vascular system. To diminish AP activity in the choriocapillaris, 
we have identified a highly specific and efficacious antisense 
oligonucleotide (ASO) targeting the human CFB gene to reduce 
circulating levels of FB protein.
Methods: HepG2 cells were used to screen second generation MOE 
gapmer ASO for reduction of FB mRNA levels. In vivo efficacy of 
ASO was demonstrated in humanized FB transgenic mice (hTg). 
Clinical safety, pharmacokinetic (PK) and pharmacodynamic (PD) 
activity were evaluated in a Phase 1, masked, placebo-controlled 
single and multiple ascending dose studies (SAD and MAD) in 
healthy volunteers.
Results: The FB ASO had an in vitro IC50 of 0.18 uM in HepG2 
cells and in vivo EC50 of 4.52 mg/kg/wk in FB hTg mice. In vivo 
targeting of the ASO to hepatocytes was dramatically augmented 
by conjugation to a GalNAc moiety, resulting in a lowering of 
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the EC50 in FB hTg mice to 0.52 mg/kg/wk. In a Phase 1, SAD 
study, IONIS-FB-LRX reduced plasma FB levels dose dependently 
by approximately 50%, 34% and 11% at 30 days after a single, 
subcutaneous, administration of 40 mg (~0.6 mg/kg), 20 and 10 mg, 
respectively. The 50% reduction of FB levels was accompanied 
by similar reductions of FB function and Bb, without meaningful 
changes of AH50, CH50, C3 or factor D (mean +/- SE % reductions 
of -49+/-3, -33+/-5, -55+/-6, - 6+/-9, 15+/-9, -11+/-15 and -6+/-5%, 
respectively). No drug-related adverse events were reported during 
the Ph 1 SAD study. In addition, PKPD modeling indicates response 
durability suitable for weekly or monthly dosing. Multiple dose 
administration of IONIS-FB-LRX during a six week period provided 
greater reductions in circulating FB levels.
Conclusions: In summary, a novel antisense oligonucleotide 
targeting complement factor B, IONIS-FB-LRX, effectively reduces 
circulating levels of FB, with a potential to diminish over-activity of 
the alternative complement pathway in the choriocapillaris of patients 
having GA associated with AMD. The safety profile of  
IONIS-FB-LRX supports further development.
Commercial Relationships: Michael McCaleb, Ionis 
Pharmaceuticals (E); Tamar R. Grossman, Ionis Pharmaceuticals 
(E); Peter Adamson, None; Scott Henry, Ionis Pharmaceuticals (E); 
Richard S. Geary, Ionis Pharmaceuticals (E); Steve G. Hughes, 
Ionis Pharmaceuticals (E); Brett P. Monia, Ionis Pharmaceuticals (E)
Support: Ionis Pharmaceuticals
Clinical Trial: 2015-001837-25

Program Number: 1953 Poster Board Number: B0457
Presentation Time: 11:00 AM–12:45 PM
Assessing the usability of the ranibizumab 0.5 mg prefilled 
syringe (PFS) by healthcare professionals in the US
Andrew N. Antoszyk1, Carl W. Baker2, Howard Cummings3, 
Jorge Calzada4, Joanna So5, Carlos Quezada-Ruiz5, 
Zdenka Haskova5. 1Retina, Charlotte EEN&T Associates, Charlotte, 
NC; 2Paducah Retinal Center, Paducah, KY; 3Southeastern Retina 
Associates, Kingsport, TN; 4Charles Retina Institute, Germantown, 
TN; 5Genentech, Inc., San Francisco, CA.
Purpose: The recently FDA-approved sterile ranibizumab PFS 
eliminates injection preparation steps, which in previous studies 
reduced procedure time compared with the standard vial, leading 
to improved office efficiency. The purpose of these studies was to 
evaluate the usability of the ranibizumab PFS by assessing whether 
US healthcare professionals could successfully prepare and perform 
intravitreal injections (IVI) using the ranibizumab PFS without prior 
training, and with only the Instructions for Use and US Prescribing 
Information available.
Methods: In a simulated-use usability study, ophthalmic medical 
personnel (n=15) prepared the ranibizumab PFS and retina specialists 
(n=15) performed injections into a model eye. In an actual-use 
usability study (ClinicalTrials.gov identifier: NCT02698566), 
medical assistants (n=3) prepared the PFS and retina specialists 
(n=3) performed IVI into the study eyes of patients with retinal 
disease (n=35). Twelve tasks specific to the unpacking, preparation, 
and proper administration of the PFS for IVI were evaluated by two 
study assessors. Task performances were evaluated for use errors, 
close calls, and operational difficulties. Post-injection subjective user 
evaluations were given to assess ease of use.
Results: All participants successfully performed all essential 
and safety-critical tasks without use errors in both the simulated-
use and actual-use human factors usability studies. The majority 
of ranibizumab PFS users rated the tasks required to use the 
ranibizumab PFS as “Easy” or “Very Easy.” A single adverse 
event (AE) was observed, with 1 patient experiencing a mild 

subconjunctival hemorrhage that resolved by end of study. This AE 
was deemed related to the injection procedure and not to the PFS 
itself.
Conclusions: Both the simulated-use and actual-use usability studies 
yielded consistent data, showing that healthcare professionals are able 
to use the ranibizumab PFS by successfully performing all critical 
tasks involved in preparing and delivering an IVI while maintaining 
aseptic conditions and without prior training. Considering the number 
of patients that require IVI for retinal diseases, the ease-of-use, time 
savings achieved, and reduced risk of contamination associated with 
use of the ranibizumab PFS may represent a significant benefit for 
both health care providers and patients in real world clinical settings.
Commercial Relationships: Andrew N. Antoszyk, DRCR.net 
(C), Opthea (C); Carl W. Baker, Genentech (C), Allergan (C); 
Howard Cummings, None; Jorge Calzada, Genentech (C), 
RegenexBio (C), Abbvie (C), Regeneron (C), Alcon (C); Joanna So, 
Genentech, Inc. (E); Carlos Quezada-Ruiz, Genentech, Inc. (E); 
Zdenka Haskova, Genentech, Inc. (E)
Clinical Trial: NCT02698566

Program Number: 1954 Poster Board Number: B0458
Presentation Time: 11:00 AM–12:45 PM
Elamipretide Protects RPE and Improves Mitochondrial 
Function in Models of AMD
Rebecca Kapphahn1, Marcia Terluk1, Mara Ebeling1, Mark Pierson1, 
Kevin Mar1, Hwee Gong1, Sandra Monetzuma1, Yun-Zheng Le2, 
Takuji Shirasawa3, Takahiko Shimizu4, Deborah A. Ferrington1. 
1Ophthalmology, University of Minnesota, Minneapolis, MN; 
2Endocrinology and Diabetes, Oklahoma University, Oklahoma City, 
OK; 3Juntendo University, Tokyo, Japan; 4Chiba Univerisity, Chiba, 
Japan.
Purpose: Mitochondrial (Mt) damage and oxidative stress occur 
in the retinal pigment epithelium (RPE) with age-related macular 
degeneration (AMD). We tested the hypothesis that elamipretide 
(ELAM), a Mt-targeted peptide, would protect RPE from oxidative 
damage in primary cultures from human donors with and without 
AMD and in a mouse model of AMD.
Methods: Primary RPE cultures were pre-treated with ELAM then 
exposed to hydrogen peroxide. Cell viability, reactive oxygen species 
content, and Mt function (Seahorse XF Analyzer) were determined 24 
hours later. ELAM-treated cells were compared with untreated cells 
using a paired t-test. 
The RPE-specific Sod2 conditional KO mouse in which Mt 
manganese superoxide dismutase (MnSOD) is eliminated from the 
RPE was used to test the effect of daily (5 days/week) eye drops 
containing either 3% (w/v) ELAM or Vehicle for 12 months. Cre+ 
and Cre- littermates (males & females, age 2 mo) were randomly 
assigned to each treatment group. Changes in retinal function and 
structure were followed using ERG and OCT and analyzed by 2-way 
ANOVA. Cell size was measured in RPE whole mounts stained with 
ZO-1 antibody; ~900 cells/mouse were measured from 8 separate 
regions. The distribution of cell size was compared between groups 
using the Kolmogorov-Smirnov test.
Results: In the absence of peroxide, cultured RPE cells from 
donors with AMD (n=16) showed improved cell viability (p<0.05) 
and Mt function (increased ATP production, maximal respiration, 
spare capacity, p<0.02) relative to non-diseased donors (n=8). With 
peroxide, ELAM provided ~50% protection from cell death (p<0.05), 
reduced reactive oxygen species 30-50% (p<0.05), and generally 
improved Mt function in both groups.
In MnSOD KO mice, ELAM treatment had no effect on the age-
dependent decrease in retinal function and changes in structure. 
There was a significant increase in RPE cell size in vehicle-treated 
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Cre+ mice (n=8) compared with Cre- mice (n=9)(p<0.05), suggesting 
that elimination of RPE MnSOD protein induced RPE cell death. In 
contrast, topical ELAM treatment significantly prevented the shift to 
larger cell size in the Cre+ mice (n=7), suggesting fewer RPE cells 
died as a result of ELAM treatment.
Conclusions: ELAM’s protective effect in both human AMD donor 
RPE and an AMD mouse model suggest ELAM could benefit AMD 
patients by boosting Mt function and protecting from RPE cell loss.
Commercial Relationships: Rebecca Kapphahn, Stealth 
Biotherapeutics Inc (F); Marcia Terluk, Stealth Biotherapeutics 
Inc (F); Mara Ebeling, Stealth Biotherapeutics Inc (F); 
Mark Pierson, Stealth Biotherapeutics Inc (F); Kevin Mar, Stealth 
Biotherapeutics Inc (F); Hwee Gong, Stealth Biotherapeutics 
Inc (F); Sandra Monetzuma, None; Yun-Zheng Le, None; 
Takuji Shirasawa, None; Takahiko Shimizu, None; 
Deborah A. Ferrington, Stealth Biotherapeutics Inc (F)
Support: Stealth Biotherapeutics, Research to Prevent Blindness

Program Number: 1955 Poster Board Number: B0459
Presentation Time: 11:00 AM–12:45 PM
Phase inversion-based in situ forming ocular implants for 
sustained drug delivery
Farhan Alshammari, Ismaiel Tekko, Ryan Donnelly, Raghu Raj 
Singh Thakur. School of Pharmacy, Queen`s University Belfast, 
Belfast, United Kingdom.
Purpose: This study investigated the feasibility of using phase 
inversion-based in situ forming implants (PI-ISFI) containing poly 
(lactic-co-glycolic acid) (PLGA75/25) and N-Methyl-2-pyrrolidone 
(NMP) for sustained ocular drug delivery.
Methods: PI-ISFI formulations were prepared by dissolving the 
required amount of different molecular weights (MWs) of FITC-
dextran (4, 70, and 150 k Da) in NMP to produce a 0.5% w/w 
solution before the addition of 30 % w/w of PLGA75/25. PI-ISFI 
were formed by injecting 50 μL of the gel in 5 mL of phosphate 
buffer solution (PBS) (pH 7.4 ± 0.2), as a release media. As a result, a 
solid, spherical implant was formed. Release samples were quantified 
using fluorescence spectrophotometer. Implants were imaged using 
scanning electron microscope (SEM) to investigate the microstructure 
of the implants. Syringeability (work of syringeability (WoS), and 
maximum force of expulsion (MFE)) was conducted using Texture 
Analyser. The required force to inject different volumes  
(10, 25, and 50 μL) of PLGA75/25/NMP (30% w/w) and different 
PLGA/75/25 concentrations (20%, 30%, and 40% w/w) was 
evaluated using a 27 G needle. All samples were analyzed in 
triplicates.
Results: Implant morphology was studied using SEM. The mean 
thickness of the outer shell of the implants was 819 μm ±16, and 
a porous structure was observed in all implants. In vitro sustained 
release of FITC-dextran was achieved over a period of 49 days. 
However, high burst release was noted in all the formulations 
irrespective to FITC-dextran’s MW. For example, mean percentage 
cumulative release of 32.7%, 44.1% and 47.5% was observed on 
day 1 for FITC-dextran’s of 150, 70, and 4 k Da, respectively. The 
increase in the MW of FITC-dextran caused a reduction in the 
percentage of cumulative release. With regards to syringeability, 
mean WoS values of 53.95 and 132.25 N.mm were observed for 
injecting 50 μL of 30% w/w and for 40% w/w of PLGA75/25/NMP 
gel, respectively.
Conclusions: In conclusion, MW of a drug can have a significant 
impact on drug release from PLGA75/25/NMP PI-ISFI. The release 
of high MW FITC-dextran (MW 150 k Da) from these implants is 
slower than low MW FITC-dextran. In addition, the study proves that 

PLGA75/25/NMP PI-ISFI system has an acceptable syringeability 
and could provide a sustained drug release over 49 days.

SEM images of PLGA75/25/NMP (30% w/w) implants loaded with 
FITC-dextran (a) Mw 4 k Da. (b)Mw 70 k Da. (c)Mw 150 k Da.
Commercial Relationships: Farhan Alshammari, None; 
Ismaiel Tekko, None; Ryan Donnelly, None; Raghu Raj 
Singh Thakur, None

Program Number: 1956 Poster Board Number: B0460
Presentation Time: 11:00 AM–12:45 PM
Tolerability of a 6 month Sustained Hydrogel Delivery System for 
Tyrosine Kinase Inhibitors in Dutch Belted Rabbits
Peter K. Jarrett, Rami F. Elhayek, Tim Jarrett, Zach Lattrell, 
Michael McGrath, Stephen Takach, Jonathan H. Talamo, 
Amar Sawhney. Ocular Therapeutix, Lexington, MA.
Purpose: We evaluated the tolerability of sustained delivery of a 
tyrosine kinase inhibitor (TKI) with known anti-angiogenic properties 
from a preformed bioabsorbable hydrogel fiber depot delivered via 
intravitreal injection in Dutch belted rabbits through 6 months.
Methods: Micronized TKI particles were formulated in a hydrogel 
matrix (OTX-TKI). Eighteen eyes of naïve Dutch belted rabbits 
(n=9) were bilaterally dosed with OTX-TKI at Day 0. Biweekly 
slit lamp, IOP, posterior segment exams using the MacDonald 
Shadduck scoring system. Monthly OCT was performed, and 
fluorescein angiography (FA), infrared fundus photography and 
electroretinography (ERG) were obtained at Months 1, 3 and 6. 
Eyes were enucleated at each time point (n=6) for histopathological 
evaluation.
Results: Serial clinical examinations showed no sign of inflammatory 
response or other abnormalities. No clinically-significant changes in 
IOP, OCT, ERG or FA were observed. Infrared fundus photography 
showed increasing translucency and shrinkage of depot size over 
time. At 1, 3 and 6 months, histopathologic analysis demonstrated 
minimal changes from baseline in cornea, conjunctiva, sclera, 
choroid, retina, and vitreous humor. Evidence of depot material was 
present at all time points.
Conclusions: OTX-TKI appears well-tolerated in a DB rabbit 
model. In addition to an absence of clinical findings suggestive of 
immunoreactivity, light microscopy of tissue sections and OCT 
imaging showed minimal to no evidence of inflammatory response 
or abnormal chorioretinal morphology suggestive of tissue toxicity. 
Infrared fundus photography findings were consistent with ongoing 
drug release through 6 months as well as depot resorption.



ARVO 2017 Annual Meeting Abstracts

These abstracts are licensed under a Creative Commons Attribution-NonCommercial-No Derivatives 4.0 International License. Go to http://iovs.arvojournals.org/ to 
access the versions of record.

OTX-TKI, in vivo Ocular Tolerability

OTX-TKI Retinal Tolerability
Commercial Relationships: Peter K. Jarrett, Ocular Therapeutix 
(E); Rami F. Elhayek, Ocular Therapeutix (E); Tim Jarrett, 
Ocular Therapeutix (E); Zach Lattrell, Ocular Therapeutix (E); 
Michael McGrath, Ocular Therapeutix (E); Stephen Takach, 
Ocular Therapeutix (E); Jonathan H. Talamo, Ocular Therapeutix 
(E); Amar Sawhney, Ocular Therapeutix (E)
Support: Ocular Therapeutix supported this research.
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Soluble Epoxide Hydrolase Is a Therapeutic Target for Choroidal 
Neovascularization
Rania S. Sulaiman1, Myunghoe Heo2, Sanha Lee2, Seung-Yong Seo2, 
Timothy W. Corson1. 1Ophthalmology, Indiana University School 
of Medicine, Indianapolis, IN; 2College of Pharmacy, Gachon 
University, Incheon, Korea (the Republic of).
Purpose: Sight-threatening choroidal neovascularization (CNV) is 
key to the pathophysiology of wet age-related macular degeneration 
(AMD). Current therapies target vascular endothelial growth factor 
signaling, but are associated with some limitations. Therefore, the 
characterization of alternative angiogenic pathways is crucial to 
understand the disease pathology and provide novel drug targets. 
We previously identified the bioactive lipid metabolizing enzyme 
soluble epoxide hydrolase (sEH) as a target of an antiangiogenic 
small molecule that we developed. Here, we further characterized 
sEH expression in mouse and human eyes and evaluated the effect 
of a known sEH inhibitor on CNV ex vivo and in vivo in the L-CNV 
mouse model.

Methods: sEH expression in mouse eyes with L-CNV and human 
eyes with wet AMD was evaluated by immunofluorescence and 
compared to age-matched controls. The choroidal sprouting assay 
evaluated the effects of sEH inhibitor “7t” (7-(trifluoromethyl)-N-
(4-(trifluoromethyl)phenyl)benzo[d]isoxazol-3-amine) on choroidal 
endothelium ex vivo. Eight week old mice received choroidal laser 
burns and an intravitreal injection of vehicle, 7t, or anti-VEGF164. 
After 14 days, eyes were enucleated and CNV lesion volumes were 
calculated from Z-stack confocal images of agglutinin-stained 
choroids.
Results: Immunofluorescence staining revealed a substantial 
upregulation of retinal sEH in mouse L-CNV and human wet AMD 
eyes compared to controls. In mice, sEH was not upregulated 
in Müller cells, cone photoreceptors, or retinal ganglion cells as 
indicated by lack of sEH co-staining with vimentin, arrestin and 
Brn3a antibodies. Interestingly, sEH overexpression was evident in 
rod photoreceptors as indicated by sEH/rhodopsin co-staining. sEH 
inhibitor 7t significantly suppressed choroidal sprouting ex vivo at 
10 μM concentration, P<0.01. Additionally, 10 μM 7t caused about 
35% suppression of neovascular lesion volume, compared to vehicle-
treated control, in vivo in the L-CNV mouse model, P<0.01.
Conclusions: These data demonstrate that sEH is an important 
angiogenic mediator in CNV. Small molecule inhibitors of sEH could 
be an exciting approach alone or in combination with the standard 
anti-VEGF therapies for the treatment of ocular neovascular diseases 
such as wet AMD.
Commercial Relationships: Rania S. Sulaiman, None; 
Myunghoe Heo, None; Sanha Lee, None; Seung-Yong Seo, None; 
Timothy W. Corson, None
Support: Retina Research Foundation, BrightFocus Foundation, NIH 
R01EY025641, NIH UL1TR001108, Research to Prevent Blindness, 
Inc.
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Best Practices for Querying Electronic Ophthalmology Health 
Records for Potential Clinical Trial Participants
Katarzyna Brodowska1, Mahdi Rostamizadeh1, diane weiss2, 
Lawrence J. Singerman2. 1Ophthalmology, Case Western University, 
Seven Hills, OH; 2Retina Associates of Cleveland, Cleveland, OH.
Purpose: To explore best practices for querying MDI (MDIntelleSys, 
Nexttech Systems LLC)
Electronic Medical Record (EMR) Software for Ophthalmology 
Practice for identifying lists of potential clinical trial participants with 
exudative age-related macular degeneration (AMD) who are likely to 
be eligible to participate.
Methods: Inclusion and exclusion criteria for two clinical were 
assembled in a crosswalk table and compared. Next, each criterion 
was evaluated for its ability to be operationalized within the MDI 
software. For those that could be operationalized, specifications of 
how to program the query were developed. Finally, a decision-tree 
chart was constructed to guide the programmer as to applying the 
criteria from the studies to the data in the MDI EMR in a hierarchical 
fashion so as to develop lists of participants with a high likelihood of 
qualifying for one or more of the trials.
Results: Assembling the screen shots from the MDI EMR was 
necessary to assist in operationalization of the criteria and to build the 
crosswalk. Approximately 40 hours was devoted to this effort over 
several weeks. Careful consideration of each criterion revealed that 
many criteria would need to be evaluated manually, as they were not 
available with sufficient accuracy in the MDI EMR. However, many 
criteria, such as injections received, diagnosis, interval of injections, 
visual acuity, could be coded in multiple different ways in the MDI 
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EMR; a complex query algorithm was required for these. Other 
criteria, such as disqualifying non-ophthalmologic co-morbidities, 
were not always recorded in the MDI EMR, and would need to be 
evaluated manually. Finally, a decision-tree was formulated to guide 
the programmer as to the execution of the MDI EMR query in steps 
so as to produce two lists of potential participants likely to qualify for 
each study, respectively.
Conclusions: Comparing trials for eligibility criteria and developing 
a query plan for an MDI EMR system in ophthalmology to produce 
a list of potential clinical trial participants who are likely to qualify 
can be cost- and time-effective if the trials have very similar 
criteria, and if most of them can be evaluated by querying the MDI 
EMR. Developing clear query specifications to provide the MDI 
EMR programmer will also likely increase the accuracy of and the 
efficiency in producing the potential participant lists.
Commercial Relationships: Katarzyna Brodowska, 
None; Mahdi Rostamizadeh, None; diane weiss, None; 
Lawrence J. Singerman, Alcon (F), Tyrogenex (F), Ophthea (F)
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Abicipar pegol in neovascular age-related macular degeneration 
(nAMD): comparability between Japanese and non-Japanese 
patients, and treatment effects on polypoidal choroidal 
vasculopathy (PCV) and non-PCV patients
Derek Kunimoto1, Masahito Ohji2, Raj K. Maturi3, Tetsuju Sekiryu4, 
Ying Wang5, Grace Pan5, Xiao-Yan Li5, Susan Schneider5. 1Retinal 
Consultants of Arizona, Mesa, AZ; 2Shiga University of Medical 
Science, Shiga, Japan; 3Midwest Eye Institute, Indianapolis, IN; 
4Fukushima Medical University Hospital, Fukushima, Japan; 
5Allergan plc, Irvine, CA.
Purpose: Abicipar pegol belongs to a class of small binding proteins, 
designed ankyrin repeat protein (DARPin®) therapeutics, with anti-
VEGF activity. The present studies (BAMBOO, Japan; CYPRESS, 
US) further evaluated abicipar safety and efficacy at the lower doses 
previously evaluated in the Phase 2 REACH study in treatment-naïve 
patients with nAMD.
Methods: Phase 2, multicenter, double-masked, 20-week studies in 
patients (n=25 each) with study eye BCVA 24–75 Early Treatment 
Diabetic Retinopathy Study letters and CRT >320 μm (Spectralis) 
or >300 μm (Cirrus). Screening indocyanine green angiography was 
obtained in BAMBOO. Patients were randomized to intravitreal 
injections of abicipar 1 or 2 mg (n=10 per dose, each study) at 
baseline and weeks 4 and 8, or ranibizumab 0.5 mg (n=5, each study) 
at baseline and monthly (for 5 injections). Primary endpoint: mean 
BCVA change from baseline at week 16. Key secondary endpoint: 
mean CRT change from baseline. Subgroup analyses were performed.
Results: Mean BCVA change from baseline at week 16 was +7.8, 
+8.9 and +17.4 (BAMBOO) and +4.4, +10.1 and +15.2 (CYPRESS) 
letters with abicipar 1 and 2 mg, and ranibizumab, respectively. 
Mean CRT reduction from baseline at week 16 was 187.3, 196.5, and 
230.4 μm (BAMBOO) and 106.5, 112.8, and 124.4 μm (CYPRESS) 
with abicipar 1 and 2 mg, and ranibizumab, respectively. PCV was 
detected in 14 Japanese patients (abicipar 1 mg, n=5 and 2 mg, 
n=6; ranibizumab, n=3) (BAMBOO); mean BCVA change and CRT 
reduction from baseline at week 16 was +6.0, +9.8 and +12.3 letters 
and 268.6, 191.2, and 253.7 μm, respectively. In Japanese patients 
without PCV, BCVA change and CRT reduction was +9.6, +7.5 and 
+25.0 letters and 106.0, 204.5, and 195.5 μm, respectively. The most 
common adverse event was conjunctival hemorrhage.
Conclusions: Functional improvement, anatomical effect, and 
safety were comparable between abicipar arms and consistent across 
studies. Ranibizumab performed better than registration trials, 

possibly due to factors such as the small sample, worse baseline 
VA, and/or lesion characteristics. BCVA change and CRT reduction 
appear similar between PCV and non-PCV Japanese patients 
receiving abicipar 2 mg. This dose has performed consistently across 
Phase 2 studies, supporting its use in Phase 3 trials.
Commercial Relationships: Derek Kunimoto, Genentech (C), 
Graybug (C), Allergan (C); Masahito Ohji, Pfizer (C), Santen 
(F), Novartis (C), Pfizer (F), Bayer (C), Hoya (F), Novartis (F), 
Santen (C), Alcon (C), Senju (F), Otsuka (F), Alcon (F), B&L (C), 
Bayer (F), Allergan (C); Raj K. Maturi, Santen (F), Allegro (F), 
Genentech (F), Allergan (F), Graybug (C), Santen (C), Allergan (C); 
Tetsuju Sekiryu, None; Ying Wang, Allergan (E); Grace Pan, 
Allergan (E); Xiao-Yan Li, Allergan (E); Susan Schneider, Allergan 
(E)
Support: Allergan plc
Clinical Trial: NCT02181504; NCT02181517
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Brimonidine drug delivery system (Brimo DDS Generation 1) 
slows the growth of retinal pigment epithelial hypofluorescence 
following regional blue light irradiation in a nonhuman primate 
(NHP) model of geographic atrophy (GA)
Corine Ghosn, Alexandra Almazan, Sherri Decker, James A. Burke. 
Allergan plc, Irvine, CA.
Purpose: Age related macular degeneration involves GA of the 
retinal pigment epithelium (RPE), loss of photoreceptors and visual 
impairment. The aim of this pilot study was to investigate if Brimo 
DDS Gen 1 slows the loss of RPE and photoreceptors in a NHP 
model of GA.
Methods: Three 5 mm diameter parafoveal lesions were made in 
12 eyes of 6 female Cynomolgus monkeys using a light source 
with a 470 nm filter. Fundus autofluorescence, optical coherence 
tomography and multifocal electroretinography (mfERG) were 
performed at baseline and at 1, 2, 4, 8, 12, 16, and 20 weeks post 
lesion. RPE loss was measured as hypofluorescence within the lesion 
automatically by referencing the fovea, (darkest area) and applying 
a pixel intensity cutoff. Photoreceptor structure and function were 
evaluated as outer nuclear layer (ONL) thickness and mfERG b-wave 
amplitude, respectively. Hypofluorescence within the lesion increased 
over time indicating progression. Five weeks post injury 4 monkeys 
received intravitreal 132 μg of Brimo DDS Gen 1 unilaterally, while 
the fellow eye received placebo DDS. Two additional monkeys 
(control; OU) were not dosed but followed-up at the same time 
points. A two-way repeated measures ANOVA with multiple 
comparisons (Tukey) was used to compare the effects of drug and 
duration.
Results: No significant between group difference was observed 
in the measures prior to dosing. At 3 weeks post dosing area of 
hypofluorescence was significantly less in the Brimo DDS eyes 
(13602 ± 1513) compared to control (18756 ± 1039). At 7 weeks post 
dosing Brimo DDS (14760 ± 2616) was significantly different from 
both placebo DDS (22681 ± 758) and control eyes (23782 ± 1587) 
and remained significantly decreased throughout study duration (20 
weeks; p<0.05). mfERG b-wave amplitude showed significantly less 
reduction in Brimo DDS eyes (33.6 ± 5.3%) compared to placebo 
(55.5 ± 3.4%) at 12 weeks. Brimo DDS showed decreased ONL 
thinning from baseline (30.3 ± 2.3%) compared to placebo  
(38.1 ± 1.0%; p>0.05) and control eyes (43.2 ± 4.6%; p<0.05) at  
20 weeks.
Conclusions: Brimo DDS slows the increase of hypofluorescence 
and reduction of mfERG b-wave amplitude following regional 
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blue light irradiation in NHP indicating that Brimo DDS exhibits 
protective effects in the RPE and photoreceptors.
Commercial Relationships: Corine Ghosn, Allergan plc (E); 
Alexandra Almazan, Allergan plc (E); Sherri Decker, Allergan plc 
(E); James A. Burke, Allergan plc (E)
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Anti-angiogenic effects of DS-7080a an anti-ROBO4 monoclonal 
antibody, in a monkey model of LASER-induced choroidal 
neovascularization
Tatsuya Inoue2, 1, Yoshitaka Isumi2, Shinko Hayashi2, 
Keiichi Fusegawa2, Yasushi Yoshigae2, Toshiyuki Sato2. 1Pain & 
Neuroscience Laboratories, Daiichi Sankyo Co., Ltd., Tokyo, Japan; 
2Daiichi Sankyo Co., Ltd., Tokyo, Japan.
Purpose: To assess the effects of DS-7080a, an anti-ROBO4 
monoclonal antibody, in an animal model of angiogenesis-related eye 
disease.
Methods: Choroidal neovascularization (CNV) was induced in male 
cynomolgus monkeys by subjecting the eyes to LASER treatment. 
DS-7080a was injected intravitreally at doses of 0.055, 0.22, and  
1.1 mg/eye to assess its anti-angiogenic efficts (N=6 eyes, each 
group). ROBO4 mRNA expression was assessed in the choroid 
from patients with wet-AMD by in situ hybridization. The 
pharmacokinetics of intravitreally injected DS-7080a was analyzed in 
rabbits and monkeys.
Results: Three weeks after LASER exposure, mean (SD) of the 
incidence of Grade 4 CNV leakage was 48.15 (46.97) % in control 
monkeys but 1.85 (4.53)% in monkeys which received 1.1 mg/eye 
of DS-7080a. DS-7080a decreased CNV leakage dose-dependently. 
ROBO4 mRNA was detected the choroid from wet-AMD patients, 
especially in small vessels extending toward the Bruch’s membrane. 
Pharmacokinetics analysis showed DS-7080a may persist in the 
retina upon intravitreal injection for more than a month at effective 
concentrations.
Conclusions: DS-7080a may represent a novel therapeutic option for 
angiogenesis-related eye diseases such as wet AMD.
Commercial Relationships: Tatsuya Inoue, Daiichi Sankyo 
(E); Yoshitaka Isumi, Daiichi Sankyo (E); Shinko Hayashi, 
Daiichi sankyo (E); Keiichi Fusegawa, Daiichi Sankyo (E); 
Yasushi Yoshigae, Daiichi Sankyo (E); Toshiyuki Sato, Daiichi 
Sankyo (E)

Program Number: 1962 Poster Board Number: B0466
Presentation Time: 11:00 AM–12:45 PM
In vitro characterization of anti-angiogenic effects of DS-7080a, a 
novel anti-human ROBO4 monoclonal antibody
Yoshitaka Isumi1, Tatsuya Inoue2, Shinko Hayashi1, 
Chigusa Yoshimura3, Jun Hasegawa3, Toshiyuki Sato2, 
Toshinori Agatsuma1. 1Biologics & Immuno-Oncology Laboratories, 
Daiichi Sankyo Co., Ltd., Tokyo, Japan; 2Pain & Neuroscience 
Laboratories, Daiichi Sankyo Co., Ltd., Tokyo, Japan; 3Modality 
Research Laboratories, Daiichi Sankyo Co., Ltd., Tokyo, Japan.
Purpose: To characterize in vitro the anti-angiogenic effects of  
DS-7080a, an anti-human roundabout 4 (hROBO4) monoclonal 
antibody (mAb), possibly indicated for the treatment of  
angiogenesis-related eye disease such as wet AMD.
Methods: DS-7080a antigen-binding activity was measured by a cell 
enzyme-linked immunosorbent assay. In vitro anti-angiogenic effects 
contrasting the action of various angiogenic factors were evaluated 
by a HUVEC migration assay. Primary human retinal pigmented 
epithelial cells were cultured using Transwell for about one month 
before collecting conditioned media.

Results: DS-7080a bound to hROBO4 with a Kd of 0.065 nM, while 
it did not bind to any other ROBO proteins. HUVEC migration was 
induced by multiple angiogenic factors such as vascular endothelial 
growth factor, basic fibroblast growth factor, and hepatocyte growth 
factor and was inhibited by 37.3, 48.5 and 26.6%, respectively, by  
2 μg/mL of DS-7080a. Conditioned media from primary human 
retinal pigmented epithelial cells was found to induce HUVEC 
migration, which was inhibited by either DS-7080a (by 77.1% at 
1.458 μg/mL) or ranibizumab (by 83.1% at 0.484 μg/mL) alone or in 
combinaton (125.9%).
Conclusions: DS-7080a shows specific binding to hROBO4 
with potent inhibitory effects on HUVEC migration. It may be a 
therapeutic option for angiogenesis-related diseases where multiple 
angiogenic factors are involved such as wet AMD.
Commercial Relationships: Yoshitaka Isumi, Daiichi Sankyo 
Co., Ltd. (E); Tatsuya Inoue, Daiichi Sankyo Co. Ltd (E); 
Shinko Hayashi, Daiichi Sankyo Co., Ltd. (E); Chigusa Yoshimura, 
Daiichi Sankyo Co., Ltd. (E); Jun Hasegawa, Daiichi Sankyo 
Co., Ltd. (E); Toshiyuki Sato, Daiichi Sankyo Co., Ltd. (E); 
Toshinori Agatsuma, Daiichi Sankyo Co., Ltd. (E)
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In Vitro Reconstructed Human Corneal Tissue Model: 
Applications to Dry Eye and Ophthalmic Drug Delivery
Yulia Kaluzhny1, Miriam W. Kinuthia1, Aikaterini M. Gremilogianni2, 
Thoa Truong1, Patrick Hayden1, Mitch Klausner1. 1MatTek 
Corporation, Ashland, MA; 2Laboratory of Analytical Chemistry, 
University of Athens, Athens, Greece.
Purpose: The corneal barrier is vitally important for protection 
from environmental stress but it also presents a major challenge 
for delivery of ophthalmic drugs. Current methods to investigate 
pathogenesis of dry eye disease (DED) and permeation of topically 
applied ophthalmics utilize cell cultures or animals. This study 
evaluated the utility of an in vitro reconstructed 3-D corneal tissue 
model for DED and drug permeation.
Methods: Reconstructed tissues were characterized by histology, 
confocal microscopy, barrier function, and expression of genes 
essential for metabolism, detoxification, and drug transport. Oxidative 
stress was generated by exposing the tissues to simulated solar 
UV radiation (60 mJ UVB) or by placing tissues under desiccating 
stress conditions (DSC, 40% RH, 40°C, and 5% CO2) that stimulate 
morphological, cellular, and molecular changes relevant to DED. 
Corneal permeability was evaluated using model compounds with 
a wide range of hydrophobicity, molecular weight, and excipients, 
including seven formulations of Latanoprost eye drops.
Results: The tissues express mucin 4 and 16, as well as ALDH3A1 
and ALDH1A1, TXNRD1, UGTIA1, P450 cytochromes, efflax 
(ABC), peptide (SLS15), and uptake (SLS22) transporters. 
UV exposure resulted in up to 60X increases in cellular ROS 
accumulation, which droped by 73% 2h post-exposure. 24h 
incubation at DSC induced up to 5.5X increase in intracellular ROS. 
Both conditions caused considerable release of IL-1a and IL-8 and 
gene up-regulation for pro-inflammatory cytokines and enzymes, 
but didn’t affect tissue viability. Following exposure to UV or DSC, 
topical application of lubricant gel drops improved tissue morphology 
and barrier function. The correlation of permeation coefficients to 
excised animal corneas for model drugs was r2=0.84. Out of seven 
formulations of eye drops tested, Xalatan had the highest permeation 
(Papp=8.81) and Poloxamer 407 increased Papp to 6.05 and 6.27 
compared to surfactant-free formulations (1.69 to 2.57).
Conclusions: The in vitro reconstructed normal human corneal tissue 
model structurally and functionally reproduces oxidative stress and 
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DED markers, and its permeability resembles that of the in vivo 
human cornea. This model is anticipated to be a useful tool to study 
molecular mechanisms of ocular surface damage, DED, and to 
evaluate new corneal drug formulations.
Commercial Relationships: Yulia Kaluzhny, MatTek 
Corporation (E); Miriam W. Kinuthia, MatTek Corporation (E); 
Aikaterini M. Gremilogianni, None; Thoa Truong, MatTek 
Corporation (E); Patrick Hayden, MatTek Corporation (E); 
Mitch Klausner, MatTek Corporation (E)
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Rat Primary Cells transfected with PEDF using the Sleeping 
Beauty Transposon system are effective in reducing the 
proangiogenic status in choroidal neovascularization
Sergio Recalde1, 7, Maria Hernandez1, 7, Patricia Fernandez1, 7, 
Laura García-Garcia1, 7, Juan R. Rodriguez2, 7, Jaione Bezunartea1, 7, 
Maite Moreno1, 7, Idoia Belza1, Corinne Marie6, Daniel Scherman6, 
Zsuzsanna Izsvák5, Sandra Johnen4, Gabriele Thumann3, 
Alfredo Garcia-Layana1, 7. 1Experimental Ophthalmology laboratory, 
Universidad de Navarra, Pamplona, Spain; 2Cell Therapy Area. 
Division of cancer., Center of Applied Medical Research (CIMA), 
Pamplona, Spain; 3déparment des neurosciences clinique, service 
dOphtalmologie, Hôpitaux Universitaires de Genève, Genève, 
Switzerland; 4Deparment of Ophthalmology, University Hospital 
RWTH Aachen, Aachen, Germany; 5Molecular Medicine in the 
Helmholtz Society, Max Delbrück Center, Berlin, Germany; 6Unité 
de Technologies Chimiques et Biologiques pour la Santé, INSERM 
U1022 – CNRS UMR8258, Paris, France; 7IDISNA, Navarra 
Institute for Health Research, Pamplona, Spain.
Purpose: There is a need to explore alternative molecular targets 
as well as delivery systems for the development of new therapeutic 
strategies in wet AMD. Our approach comprises the effect of pigment 
epithelium derived factor (PEDF) release using the non-viral Sleeping 
Beauty (SB100X) transposon system delivered by miniplasmids 
free of antibiotic resistance markers (pFAR4) in rat primary 
cells subretinally injected in a model of laser-induced choroidal 
neovascularization (CNV).
Methods: Retinal pigment epithelial cells (RPEs) and iris pigment 
epithelial cells (IPEs) derived from Brown Norway rats were co-
transfected with pT2-pFAR4-PEDF and pFAR4-SB100X plasmids. 
Laser-induced CNV was performed and 48 h later, the transfected 
cells were injected in the subretinal space of Brown Norway rats. 
The animals were sacrificed at day 5 for the evaluation of VEGF and 
PEDF protein expression by Western blot (n=3) and zymographies 
for MMP-2/9 activity were performed (n=3). At day 7 post-injection, 
animals were sacrificed to undergo immunofluorescence with 
microglial/macrophage markers (isolectin, Iba1, CD68) in the CNV 
area and visualized using a confocal microscope (n=3).
Results: While no differences in VEGF expression were observed, 
there was a significant increase (p<0.05) in PEDF secretion in 
the treated groups that resulted in an increased in PEDF/VEGF 
ratio. These data indicate that the treatment improved a favorable 
antiangiogenic environment, that was observed, especially the group 
of 10,000 RPE cells transfected with PEDF. MMP-2 activity was 
significantly reduced (p<0.05) in the groups that had the highest 
PEDF levels, while there were no statistical differences for MMP-9 
levels. Microglial and macrophage cell activation was localized in 
the angiogenesis area after subretinal injection; no alterations were 
observed compared to the saline group
Conclusions: The combined use of the SB100X transposon system 
and the pFAR4 miniplasmid was effective in optimizing the anti-
angiogenic status in the retina by increasing PEDF secretion and 

reducing metalloproteinase activity. Moreover, the transfected 
transplanted cells did not activate microglia and macrophages 
in the CNV surrounding area. This is an important step for the 
establishment of a safe, specific, and effective gene therapeutic 
treatment for angiogenic retinal diseases, such as wet AMD.
Commercial Relationships: Sergio Recalde, None; 
Maria Hernandez, None; Patricia Fernandez, None; 
Laura García-Garcia, None; Juan R. Rodriguez, 
None; Jaione Bezunartea, None; Maite Moreno, None; 
Idoia Belza, None; Corinne Marie, None; Daniel Scherman, 
None; Zsuzsanna Izsvák, None; Sandra Johnen, None; 
Gabriele Thumann, None; Alfredo Garcia-Layana, Thea (C), 
Novartis (C), Bayer (C), Allergan (C), Alcon (C)
Support: FP7 HEALTH 2012-305134. LGG received ADA 
predoctoral grant from University of Navarra
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3-Deoxyanthocyanidins protect efficiently RPE cells and 
photoreceptors against A2E-mediated phototoxicity
Pierre Dilda1, Laetitia Lesage2, Louis Guibout1, Elena Brazhnikova2, 
Christine Balducci1, Anne-Sophie Foucault1, Jose A. Sahel2, 
Stanislas Veillet1, René Lafont1, Valerie Fontaine2. 1Biophytis, Paris, 
France; 2Institut de la Vision, Paris, France.
Purpose: Various eye diseases are linked to the accumulation of 
lipofuscins in the retinal pigment epithelium (RPE) cells, such 
as AMD or Stargardt disease. It is generally accepted that the 
accumulation of lipofuscins (containing trans-retinal derivatives: 
A2E, RAL-di) is involved in the senescence of the RPE. Prevention 
or treatments currently based on food supplements display only 
limited therapeutic efficacy. We have conducted extensive studies 
on natural and synthetic anthocyanidins for their photo-protection of 
RPE cells in order to establish structure activity relationship (SAR), 
with the aim of identifying particularly active chemical structures.
Methods: Nineteen natural compounds (16 anthocyanidins + 3 
anthocyanins) and 12 synthetic 3,5-dideoxy-anthocyanidins were 
screened using an in vitro photo-toxicity assay employing primary 
cultures of porcine RPE cells challenged with A2E then blue light 
illumination (430 nm) followed by a cell viability test (n=4). The 
best compounds were further studied in vivo in blue light-challenged 
Abca4-/-Rdh8-/- mice (n=13), which accumulate A2E, due to an 
impaired visual pigment cycle. Functional (electroretinogram; ERG) 
and histological (photoreceptor layers) consequences of intra vitreous 
drug treatments were measured. Statistical analysis: ANOVA and 
Dunnett’s tests.
Results: In vitro assays demonstrated the absence of anthocyanins’ 
photo-protective activity. Among natural anthocyanidins, those 
lacking the 3–OH, including notably diosmetinidin, displayed 
highly significant protective activities at 20 μM (p< 0.001; ≥ 89% 
cell survival vs only 30% in control). Similarly, several synthetic 
3,5-dideoxy-anthocyanidins were highly active. In both cases, 
the activity was strongly dependent on the nature and position of 
substituents (-OH and –OMe). In vivo, ERG measurements showed 
that diosmetinidin (120 μM) significantly prevented the decrease of 
A wave amplitude by 24% (p<0.01) and B wave amplitude by 36% 
(p<0.001). At the histological level, diosmetinidin treatment strongly 
protected the photoreceptor cells in the central retina with 4.82 ± 0.17 
in the drug injected eyes vs 0.71 ± 0.10 cell layers in the control eyes 
(p< 0.001).
Conclusions: Taken together, these SAR studies demonstrated by 
both in vitro and in vivo approaches the potential of the 3-deoxy- and 
3,5-dideoxy-anthocyanidins for retina photoprotection.
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Anne-Sophie Foucault, Biophytis (E); Jose A. Sahel, Biophytis 
(S), Biophytis (P); Stanislas Veillet, Biophytis (E), Biophytis (P), 
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Optimisation of potent SRPK1 inhibitors through modelling 
of permeability properties required for trans-scleral eye drop 
delivery
Jennifer Batson1, 2, Hamish Toop3, Elizabeth Stewart1, 2, 
James Daubney1, 2, Jonathan Morris3, 1, David O. Bates1, 2. 1Exonate 
Ltd, Cambridge, United Kingdom; 2School of Medicine, University 
of Nottingham, Nottingham, United Kingdom; 3Chemistry, University 
of New South Wales, Sydney, NSW, Australia.
Purpose: Development of non-invasive therapies for wet age-
related macular degeneration (wAMD) and diabetic macular oedema 
(DME) has been unsuccessful due to insufficient pharmacokinetic/
pharmacodynamic (PK/PD) profiles to deliver efficacious doses to 
the retina. Delivery of potent small molecules to the retina as eye 
drops would be a treatment paradigm shift but remains an unmet need 
due to incomplete understanding of drug properties required. We 
hypothesised that trans-scleral permeability modelling could identify 
physicochemical properties required for eye drop administration 
enabling optimisation of inhibitors of the VEGF-A splicing kinase 
SRPK1.
Methods: Freshly enucleated porcine eyes were dissected and 
full thickness eye tissue was clamped into a scaffold with drug 
formulations nearest the sclera. Tissues were dissected at 24 h. 
Compound levels analysed by mass spectrometry. Compounds 
were screened and designed from predictive modelling based on 
physicochemical properties. Efficacy, toxicity and PK were evaluated 
in vivo in C57/Bl6 mice. For PK in a larger eye, unanaesthetised 
Hy79b pigmented rabbits were administered a single eye drop for 
successive timepoints or tri-daily eye drops for 6 days then culled 
by anaesthetic overdose. Eyes were dissected and compound levels 
analysed by mass spectrometry (Mann-Whitney and Spearman tests 
for correlation).
Results: We identified highly potent and selective SRPK1 inhibitors 
with improved permeability ex vivo (Compound A 1.47x10-6 cm/s, 
Compound B 4.07x10-6 cm/s). Permeability did not correlate with 
molecular weight, SRPK1 potency or cLogP but could be affected 
by additional parameters such as melanin binding. Novel compounds 
were designed based on predicted permeability by modelling 
experimental data and demonstrated improved permeability ex 
vivo and PK in in vivo models. SRPK1 inhibitors did not inhibit 
retinal function yet potently inhibited laser-CNV following eye drop 
administration in mice (EC50s<0.5μM, n=6-8, P<0.05, One-way 
ANOVA).
Conclusions: Ex vivo permeability screening enabled modelling 
and design of novel compounds with improved permeability 
and optimisation for in vivo retinal delivery. Through increased 
potency and ocular permeability, novel SRPK1 inhibitors have 
potential to reach therapeutic levels in the retina following eye drop 
administration and improve treatment for patients with wAMD and 
DME.
Commercial Relationships: Jennifer Batson, Exonate (E), Exonate 
(P); Hamish Toop, Exonate (P); Elizabeth Stewart, Exonate (E); 

James Daubney, Exonate (E); Jonathan Morris, Exonate (F), 
Exonate (P), Exonate (C); David O. Bates, Exonate (I), Exonate (F), 
Exonate (P), Exonate (C)
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ROCK Inhibitors AR-13324 and AR-13154(S) Block Choroidal 
Angiogenesis and Protect the Barrier Function of Retinal 
Pigment Epithelium
Jindong Ding, Kevin Carbajal, Casey Kopczynski, Cheng-Wen Lin. 
Aerie Pharmaceuticals, Inc., Durham, NC.
Purpose: A significant portion of patients with exudative age-related 
macular degeneration (AMD) does not respond to anti-vascular 
endothelial growth factor (VEGF) therapy, and many who do 
experience an improvement in vision eventually lose the benefit over 
time. It has been shown in preclinical models of exudative AMD that 
Rho-associated protein kinase (ROCK) inhibitors are effective as 
monotherapy and in combination with anti-VEGF agents in reducing 
choroidal neovascularization and vascular leakage. In present study, 
we tested the effects of AR-13324, a ROCK and norepinephrine 
transporter (NET) inhibitor, and AR-13154(S), a multi-kinase 
inhibitor of ROCK/PKC/JAK/PDGFR-b, on ex vivo choroidal 
angiogenesis and in vitro retinal pigment epithelium (RPE) barrier 
function.
Methods: Organotypic choroidal tissue was isolated from 
C57BL/6 mice and cultured in the Matrigel with addition of 
endothelium growth medium. Tissues were then treated with various 
concentrations of AR-13324 or AR-13154(S). Choroidal angiogenesis 
was quantified by measuring the area of the choroidal sprouting. In 
the RPE barrier function assay, primary porcine RPEs were cultured 
on transwell inserts and treated with 150μM of hydroquinone with 
or without various concentrations of AR-13324 and AR-13154(S). 
Transepithelial resistance (TER) was measured as the indicator of 
RPE barrier function.
Results: Choroidal vessels sprouted in the Matrigel in the presence 
of endothelium growth medium. The sprouting area was reduced 
dose-dependently in the presence of AR-13324 and AR-13154(S), 
each with an IC50 of approximately 1μM. Primary porcine RPEs 
established high TER (~ 800Ohm.cm2) after 2-weeks of culture in 
transwell inserts with polarization-inducing medium. Treatment of 
the RPEs with 10μM of AR-13324 or AR-13154(S) increased the 
TER by 60% without signs of cytotoxicity. Treatment with 150μM 
hydroquinone, a toxin found in cigarette smoke, decreased the TER 
by about 50%. This TER-lowering effect of hydroquinone was 
attenuated by both AR-13324 and AR-13154(S).
Conclusions: In ex vivo and in vitro assays, AR-13324 and AR-
13154(S) inhibited choroidal angiogenesis and protected RPE barrier 
function. This study demonstrated that ROCK inhibitors are potential 
candidates for treatment of AMD.
Commercial Relationships: Jindong Ding, Aerie Pharmaceuticals, 
Inc. (E); Kevin Carbajal, Aerie Pharmaceuticals, Inc. (E); 
Casey Kopczynski, Aerie Pharmaceuticals, Inc. (E); Cheng-
Wen Lin, Aerie Pharmaceuticals, Inc. (E)
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Efficacy of a 6 month Sustained Hydrogel Delivery System for 
Tyrosine Kinase Inhibitors in a VEGF Induced Retinal Leakage 
Model
Rami F. Elhayek, Tim Jarrett, Zach Lattrell, Stephen Takach, 
Peter K. Jarrett, Michael McGrath, Jonathan H. Talamo, 
Amar Sawhney. R&D, Ocular Therapeutix, Bedford, MA.
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Purpose: We evaluated the efficacy over 6 months of sustained 
delivery of a tyrosine kinase inhibitor (TKI) with known anti-
angiogenic properties from a preformed bioabsorbable hydrogel fiber 
depot delivered via intravitreal injection in Dutch belted rabbits.
Methods: Micronized TKI particles were formulated in a hydrogel 
matrix (OTX-TKI). Eighteen eyes of naïve Dutch belted rabbits (n=9) 
were bilaterally dosed with OTX-TKI at Day 0. Eyes were challenged 
with an injection of vascular endothelial growth factor (VEGF) at 
2, 3 and 6 months and were evaluated for leakage by fluorescein 
angiography (FA). At each VEGF challenge time point, eyes treated 
with OTX-TKI were compared to blank control eyes (n=4). The 
scoring method for this disease model can be found in Figure 2. 
Retinal tissue was collected for pharmacokinetic (PK) analysis by 
liquid chromatography/mass spectrometry (LC/MS) immediately 
after FA evaluations.
Results: OTX-TKI significantly suppressed leakage at 2, 3 and  
6 months when challenged with a VEGF suspension. The leakage 
scores in eyes treated with OTX-TKI show minimal to no vascular 
leakage through 6 months. Blank control eyes showed high tortuosity 
and leakage at all time points. Retinal tissue showed high drug 
concentrations (>3000X IC50) through all time points in the treated 
animals.
Conclusions: We have demonstrated for the first time the ability 
to deliver an efficacious dose of TKIs to the posterior segment of 
the eye using an intravitreal bioabsorbable hydrogel depot for up 
to 6 months. FA leakage scores showed minimal to no change from 
normal in all OTX-TKI treated eyes at all time points. PK sampling 
suggests that drug concentrations in retinal target tissues far exceed 
the IC50 for the study drug at all time points. The OTX-TKI delivery 
platform could provide patients with a 6 month therapy for the 
treatment of wet AMD as an alternative to the once every 4-6 week 
current industry standard of care.

OTX-TKI vs Avastin in a VEGF-induced leakage model in Dutch 
Belted Rabbits

Scoring method for FA imaging
Commercial Relationships: Rami F. Elhayek, Ocular Therapeutix 
(E); Tim Jarrett, Ocular Therapeutix (E); Zach Lattrell, Ocular 
Therapeutix (E); Stephen Takach, Ocular Therapeutix (E); 

Peter K. Jarrett, Ocular Therapeutix (E); Michael McGrath, Ocular 
Therapeutix (E); Jonathan H. Talamo, Ocular Therapeutix (E); 
Amar Sawhney, Ocular Therapeutix (E)
Support: Ocular Therapeutix supported this research.
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Identification of Retinal Pigment Epithelial Cell-Targeting 
Peptide Ligands for Ocular Drug Delivery using One-Bead One-
Compound Combinatorial Libraries
Eric Tieu1, Wenwu Xiao2, Pengfei Zhang2, Suman Manna2, 
Robert J. Zawadzki2, Edward N. Pugh2, Kit Lam2, Glenn Yiu1. 
1Ophthalmology, University of California, Davis, Davis, CA; 
2University of California, Davis, Sacramento, CA.
Purpose: Intraocular drug delivery is currently limited to intravitreal 
injections because drugs given systemically lack cell-targeting 
capability. The goal of our study is to identify and characterize 
high-affinity peptide ligands that bind retinal pigment epithelial 
(RPE) cells to allow targeted ocular drug delivery from the systemic 
circulation.
Methods: One-bead-one-compound (OBOC) combinatorial libraries 
consists of 80-100 um TentaGel resin beads, each displaying  
~100 pmol of a unique peptide sequence, which can be incubated 
with live cells in suspension, and positive beads with adherent cells 
recovered and decoded by microsequencing with Edman chemistry. 
We employed an OBOC library consisting of cyclic 7-amino-acid 
peptides with an arginine-glycine-aspartate (RGD) motif to target 
integrins which are overexpressed in RPE associated with choroidal 
neovascularization to identify candidate ligands that bind to the 
human RPE cell line ARPE-19, but not human umbilical vascular 
endothelial cells (HUVECs). We measured the binding affinity of 
biotinylated forms of candidate peptides to ARPE-19 cells using 
flow cytometry with a fluorophore-streptavidin conjugate. In vivo 
binding to healthy intact RPE cells was assessed by tail-vein injection 
of biotinylated candidate peptides with fluorophore-streptavidin 
conjugate in wild-type BALB/c mice, followed by live imaging 
using a custom scanning laser ophthalmoscope (SLO) mouse retinal 
imaging system.
Results: Five candidate peptides that specifically bind ARPE-19 cells 
and not HUVECs were identified by screening the OBOC library 
with the sequence cX2X

+GX-X6X7c. Flow cytometry demonstrated 
two of these peptides to have up to 11-fold binding affinity to 
ARPE-19 cells as compared with a nonspecific control peptide with 
a scrambled sequence. In vivo SLO imaging of mouse eyes after 
systemic delivery of these two biotinylated peptides with Alexa Fluor 
488-streptavidin conjugate showed potential increased persistence of 
fluorescence, compared with a nonspecific control peptide with Alexa 
Fluor 568-streptavidin conjugate that was injected concurrently.
Conclusions: OBOC combinatorial libraries may identify high 
affinity peptide ligands that target RPE cells, and potentially improve 
rational drug design for targeted delivery of pharmacologic agents or 
carriers to retinal tissues through the systemic circulation.
Commercial Relationships: Eric Tieu, None; Wenwu Xiao, None; 
Pengfei Zhang, None; Suman Manna, None; Robert J. Zawadzki, 
None; Edward N. Pugh, None; Kit Lam, None; Glenn Yiu, Alcon 
(F), Carl Zeiss Meditec (C), Allergan (C)
Support: GY: E. Matilda Ziegler Foundation for the Blind, Barr 
Foundation for Retinal Research, Alcon Research Institute, and NIH 
K08 EY026101. RJZ: UC Davis Research in Science & Engineering 
(RISE) and National Cancer Institute Grant 1U01 CA198880; 
National Eye Institute UC Davis Small Animal Ocular Imaging Core 
Grant:5P30 EY012576
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Novel Auto-regenerative Antioxidant Significantly Attenuates 
Pathologic Choroidal Neovascularization in Wet AMD Model
Zongchao Han1, 2, Rajendra Mitra1, Ruijuan Gao1, Min Zheng1, Ming-
Jing Wu1, Kai Wang1, Sai Chavala3, Maxim Voynov4, Alex Smirnov4, 
Tatyana Smirnova4. 1Ophthalmology, University of North Carolina at 
Chapel Hill, Chapel Hill, NC; 2Carolina Institute for NanoMedicine, 
University of North Caroline at Chapel Hill, Chapel Hill, NC; 
3Eye Research Institute, University of North Texas Health Science 
Center, Fort Worth, TX; 4Chemistry, North Carolina State University, 
Raleigh, NC.
Purpose: Owing to the auto-regenerative antioxidant properties, 
Cerium oxide nanoparticles (CeNPs) have been widely explored in 
the treatment of oxidative-related disorders (e.g., age-related macular 
degeneration - AMD). The most important challenges in studies of 
CeNP lies in its water solubility and stability. An optimal antioxidant 
formulation yet remains to be established. There is a growing 
evidence that pathological reactive oxygen species (ROS) play a 
pivotal role in both non-neovascular (“dry”) and neovascular (“wet”) 
forms of AMD. Wet AMD is highly regulated by ROS induced 
vascular endothelial growth factor (VEGF, a principal pro-angiogenic 
factor) expressions, and traditionally characterized by the invasion 
and leakage of new blood vessels, which are originated from the pre-
existing choriocapillaris and navigate towards the neuronal retina that 
finally progress to severe vision loss.
Methods: To this end, we tested our hypothesis that newly developed 
biocompatible chitosan derivative coated water soluble, stable, and 
robust auto-regenerative CeO2NPs would suppress cumulative 
oxidative stress by for targeting and scavenging ROS. In this report, 
we have comprehensively characterized the novel CeO2NPs, 
evaluated their anti-oxidant, anti-angiogenic activity and safety 
using in vitro cell cultures of APRE-19 and HUVECs and in vivo 
laser induced choroidal neovascularization (CNV) mice models, a 
classical model for wet AMD. Antioxidant activity of CeO2NPs was 
also characterized by spin-trapping electron paramagnetic resonance 
(EPR).
Results: We report that novel CeO2NPs formulation significantly 
inhibited endothelial cell migration, tubular formation, 
vasopermeability, and VEGF expression. Surprisingly, we found 
that intravitreal injection of a single dose of CeO2NPs significantly 
inhibited the expression of VEGF, 4-hydroxy-2-nonenal (4-HNE, a 
most toxic lipid peroxidation protein product), and C-X-C chemokine 
receptor type 4 (CXCR4) expressions in a murine model of CNV.
Conclusions: Altogether, these results suggest that administration 
of the novel CeO2NPs can function as a promising exogenous 
antioxidant for the suppression of oxidative damage and 
inflammation, and thereby preventing CNV in a murine model 
of wet AMD, which explores significant implication of this 
alternative therapeutic strategy to deal with oxidative stress induced 
pathogenesis, such as AMD.
Commercial Relationships: Zongchao Han, None; 
Rajendra Mitra, None; Ruijuan Gao, None; Min Zheng, None; 
Ming-Jing Wu, None; Kai Wang, None; Sai Chavala, None; 
Maxim Voynov, None; Alex Smirnov, None; Tatyana Smirnova, 
None
Support: R21EY024059 & R01EY026564

Program Number: 1971 Poster Board Number: B0475
Presentation Time: 11:00 AM–12:45 PM
Prediction of duration of C3 inhibition with APL-2 in human eyes 
using a PK/PD binding model
Matthias Machacek1, Pascal Deschatelets2, Robert Kim2, 
Patrick Johnson3, Federico Grossi2. 1LYO-X GmbH, Allschwil, 
Switzerland; 2Apellis Pharmaceuticals, Inc., Crestwood, KY; 
3JPharma Solutions GmbH, Bülach, Switzerland.
Purpose: APL-2 is an anti-C3 PEGylated peptide in clinical 
development for geographic atrophy. The effect duration and the 
optimal treatment interval with intravitreal (IVT) administered APL-2 
are under investigation. Our goal was to develop a PK/PD binding 
model based on first principles, preclinical data from  
non-human primates (NHP) and published data to predict the duration 
of inhibition of free C3 by APL-2 in the human eye.
Methods: It was assumed that free C3 is a valid surrogate for 
the duration of effect. The Kd of APL-2 was set to 0.52 nM 
based on surface plasmon resonance data for the APL-2 subunit. 
C3 concentration in vitreous was assumed to be 70 nM (IOVS 
2012;53:6628–6637). For PK modeling, APL-2 observations in NHP 
vitreous after a single IVT dose of 10 mg were used. No data have 
previously been reported on C3 kinetics in vitreous. For purposes of 
the present study, it was therefore assumed that the half-life of C3 
and the drug-target complexes were dependent on their molecular 
weights (MW) (Fig 1 A). Data on molecules with a MW from 45 to 
150 kDa were collected from literature and fitted with the relationship 
T1/2 = a MW1/3 which assumed that the half-life was a result of 
diffusion limited distribution in the vitreous. For scaling, diffusion 
limited distribution was also assumed, with the eye radius r as the 
only difference between NHP and human resulting in the relationship 
T1/2,human = T1/2,NHP(rhuman/rNHP)

2.
Results: An APL-2 half-life of 3.2 days in NHP vitreous was 
obtained from the PK modeling. The half-lives of free C3,  
APL-2 bound to one C3 (APL-2:C3), and APL-2 bound to two C3 
(C3:APL-2:C3) molecules were estimated to be 4.4, 4.6 and 5.6 
days, respectively. Thus, binding to C3 was predicted to prolong the 
residence time of APL-2 in the vitreous. Using scaling, half-lives 
in human vitreous of 6.0, 8.2, 8.6 and 10.5 days were obtained for 
free APL-2, free C3, APL-2:C3 and C3:APL-2:C3, respectively. 
Simulations predicted that a single IVT dose of 15 mg of APL-2 
inhibited free C3 for about 60 days in human vitreous (Fig 1 B). 
Reducing the dose to 5 mg reduced the effect duration by 10 days.
Conclusions: Model predictions support a monthly treatment interval 
with APL-2 and suggest also that a two-month interval is a reasonable 
hypothesis for testing in a clinical study.

A) Model outline. B) Predicted total APL-2 and free C3 in human 
vitreous after a single IVT dose of 15, 10, 7.5 and 5 mg.
Commercial Relationships: Matthias Machacek, Apellis 
Pharmaceuticals, Inc. (C); Pascal Deschatelets, Apellis 
Pharmaceuticals, Inc. (P), Apellis Pharmaceuticals, Inc. (E); 
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Robert Kim, Apellis Pharmaceuticals, Inc. (E); Patrick Johnson, 
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Extended release of intravitreal flurbiprofen from a novel 
thermosensitive hydrogel
Blazaki Styliani1, 2, Konstantinos Pachis3, Irini Naoumidi2, 
Manolis Tzatzarakis4, Miltiadis K. Tsilimbaris1, 2, Sofia Antimisiaris3. 
1University of Crete Medical School, Ophthalmology, Heraklion, 
Greece; 2Laboratory of Optics and Vision, University of Crete 
Medical School, Heraklion, Greece; 3Department of Pharmacy, 
Laboratory of Pharmaceutical Technology, University of Patras, 
Patra, Greece; 4Center of Toxicology Science & Research, Medical 
School, Heraklion, Greece.
Purpose: Thermogelling polymers can be optimized as drug delivery 
vehicles to enhance drug availability in the vitreous cavity. NSAIDs 
are rarely used intraocularly due to their short half-life and the 
necessity of multiple injections. Development of such extended 
release systems has proven challenging in order to include NSAIDs 
in treating conditions related with macular edema. In this study, we 
demonstrate the bioavailability of flurbiprofen embodied in in-situ 
forming hydrogel in rabbit eyes.
Methods: We developed a thermosensitive hydrogel system using 
Pluronic F-127. Two formulations were used in in vitro release 
studies to access the bioavailability of flurbiprofen in specific time 
points: one using polymer alone with flurbiprofen (FT) and another 
using polymer combined with flurbiprofen loaded liposomes 
(FTL). The concentration of the drug was 10mg/ml. For in vivo 
pharmacokinetics, Pigmented rabbits were divided into three groups: 
those who received intravitreal FT, FTL and flurbiprofen (F) alone. 
Flurbiprofen concentrations were determined in the vitreous in 
specific time points (n=3 eyes per time point) with means of  
HLPC/MS method. Slit lamp examination and indirect fundoscopy 
were performed prior to any injection and at each time point.
Results: In vitro studies showed a statistical significant difference in 
all time points between FT and FTL(p-value<0.05). The release from 
FT and FTL reached a plateau in 48 and 96 hours, respectively. The 
critical hydrogel is injected through 27G needle as solution which 
gelates a few seconds post-insertion in the vitreous body. Ophthalmic 
examinations revealed no evidence of inflammation, hemorrhage, 
uveitis or endophthalmitis. Cmax was estimated F=513,91±76,94, 
FTL=408,23±4,76, FT=458,05±64,77. AUC was estimated 
F=1,686,20, FT=1549,74, FTL=1930,78. Higher flurbiprofen 
concentrations in the first three hours were estimated in both FT and 
FTL formulations than free drug.
Conclusions: We managed to extend the presence of the drug 
into the vitreous cavity in short time points. There is a need for 
greater prolongation of the drug in the vitreous cavity and further 
experimentation with the system’s structure is currently ongoing.

Polymeric system depicted in scanning electron microscope
Commercial Relationships: Blazaki Styliani, None; 
Konstantinos Pachis, None; Irini Naoumidi, None; 
Manolis Tzatzarakis, None; Miltiadis K. Tsilimbaris, None; 
Sofia Antimisiaris, None
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In vivo evaluation of hyaluronic acid based in situ hydrogel for 
prolonged release of Avastin in monkey
Yu Yu1, Xingyan Lin2, Qilin Wang2, Mingguang He2, Ying Chau1. 
1HKUST, Hong Kong, Hong Kong; 2Zhongshan Ophthalmic Center, 
Guangzhou, China.
Purpose: To evaluate the biocompatibility and in vivo release 
of Avastin from a hyaluronic acid based in situ hydrogel after 
intravitreal injection in monkey eyes.
Methods: The in situ hydrogel is formed by the chemical 
crosslinking of two polymer solutions, the vinylsulfonate hyaluronic 
acid (HA-VS) and thiolated dextran (Dex-SH) using catalyst-free 
click chemistry in aqueous phase (Yu et al. 2015). The two polymers 
were dissolved in Avastin separately, and mixed and injected to the 
vitreous of monkey with 32 G needle. For comparison, native Avastin 
was injected to the vitreous of another group of monkeys. The total 
amount of Avastin injected was 1.25 mg (50ul) in both groups. The 
biocompatibility was evaluated by binocular indirect ophthalmoscope 
(BIO). The pharmacokinetics was evaluated by measuring the 
concentration of Avastin in aqueous humor by ELISA assay.
Results: A transparent gel is seen in the vitreous after injection. The 
low viscosity of the mixture made injection easy even through 32G 
needle. BIO images showed that the gel does not induce hemorrhage, 
retinal detachment, inflammation or other gross pathological changes 
in monkey eye after injection (figure 1A). While the bolus intravitreal 
injection of native Avastin follows the first order elimination kinetics 
in monkey eye, the in situ gel formation was able to extend the 
retention of Avastin in money for at least 3 months (figure 1B).
Conclusions: The in situ hydrogel formulation of Avastin was 
transparent, biocompatible and able to prolong the retention of drug 
in monkey eye in vivo for multiple months.
Commercial Relationships: Yu Yu, HKUST (P); Xingyan Lin, 
None; Qilin Wang, None; Mingguang He, None; Ying Chau, 
HKUST (P)
Support: Not confirmed yet
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Ocular metabolism and melanin binding properties of sunitinib, 
a dual VEGFR/PDGFR inhibitor, that can safely prolong its 
efficacy for the treatment of wet AMD
Ward Peterson1, Christopher Crean2, Rob Lappin3, Joshua Kays1, 
Yun Yu1, Ming Yang1, Jeffrey Cleland1. 1Graybug Vision, Inc, 
Redwood City, CA; 2Chatham Biopharma Consulting, Pittsboro, NC; 
3AIT Bioscience, Indianapolis, IN.
Purpose: A proprietary depot formulation of sunitinib malate  
(SM)-loaded microparticles (GB-102) is in preclinical development 
as an intravitreal (IVT) injection product for the treatment of wet 
AMD. This work aims to characterize the in vivo release of sunitinib 
(S) from the depot, the biotransformation of S into a second, equally 
active moiety desethyl-S (D-S), and the sustained/reversible binding 
of S to melanin that can prolong the duration of active drug levels 
in retina and RPE-choroid (RC) following a single IVT injection of 
GB-102.
Methods: GB-102 (containing 1 mg SM) was dosed as an IVT 
injection (0.05 mL) in pigmented rabbits. Total S and D-S levels in R, 
RC, vitreous and in the depot itself were quantified by LC/MS/MS in 
samples taken from 1-7 months post-dose (PD). S binding to artificial 
melanin was evaluated in vitro to determine the proportion of free vs 
melanin-bound drug.
Results: By 2 to 3 months PD, 100% of SM in GB-102 is released 
from the depot. Peak levels of S in retina and RC at 3-month PD are 
~104x and ~105x higher, respectively, than its Ki against VEGFR/
PDGFR. Terminal elimination rate of S is 2-3 wks (retina) and 3-4 
wks (RC), so that levels of S in retina and RC at 6-month PD remain 
~10x and ~1000x higher than its Ki. The % ratio of D-S to S levels 
in retina is <1% (at 1-month PD) and 10-20% (at 6-7 months PD), 
indicating that D-S levels in retina are sufficient to contribute to 
pharmacologic activity at later time points. Approximately 0.1% of 
S exists as free drug in solution containing artificial melanin. Ocular 
modeling of the clearance of S, its biotransformation to D-S, and 
calculated levels of free S collectively support pharmacologically 
active levels in retina and RC for 5 to 6 months following a single 
GB-102 injection.
Conclusions: While all of the encapsulated SM is released from 
the GB-102 depot by 2-3 month post-dose in vivo, two properties of 
sunitinib can prolong its efficacy for an additional 3 months: Ocular 
biotransformation into a second active metabolite, and high-capacity, 
reversible binding to melanin in RPE-choroid as a secondary drug 
reservoir. These results support a potential twice per year dosing 
regimen of GB-102 for the treatment for wet AMD.
Commercial Relationships: Ward Peterson, Graybug Vision Inc 
(E), Graybug Vision, Inc. (C); Christopher Crean, Graybug Vision 
Inc (C); Rob Lappin, None; Joshua Kays, Graybug Vision Inc (E); 
Yun Yu, Graybug Vision Inc (E); Ming Yang, Graybug Vision Inc 
(E); Jeffrey Cleland, Graybug Vision Inc (E)
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A topical VEGF inhibitor optimized for ocular indications
Stephen H. Poor1, Christopher Adams1, Chad E. Bigelow1, 
Debby Long1, Penny Yao2, Elizabeth Fassbender1, Siyuan Shen1, 
Jim Chastain3, Yubin Qiu1, Bruce D. Jaffee1. 1Ophthalmology, 
Novartis, Cambridge, MA; 2Novartis, DMPK, Ft Worth, TX; 3DMPK, 
Novartis, Cambridge, MA.
Purpose: VEGF inhibitors approved for oncology, reformulated 
as eye drops, have to date failed in wet AMD trials due to lack of 
efficacy. Could a VEGF inhibitor be optimized for ocular indications? 

We report in vitro, in vivo efficacy and ocular PK of such a molecule, 
LHA510.
Methods: LHA510 was assessed in a FRET based assay measuring 
VEGFR2 kinase activity (n = 6 experiments) and in a cell line 
dependent on VEGFR2 signaling for survival (n = 5 experiments). 
Topical LHA510 was assessed in a rat laser CNV assay. CNV area 
was measured by analyzing images of fixed eye tissues 10 -14 days 
after laser injury, N = 10 rats/20 eyes per group. Brown Norway (BN) 
Rats were dosed with placebo or 0.1 – 3% LHA510 b.i.d. or t.i.d.  
(n = 11 experiments). Retinal leakage in male Dutch belted rabbits 
dosed with topical 3% LHA510 or placebo was measured 48 hrs after 
an IVT challenge of 400 ng of human VEGF165  
(n = 6 rabbits/group, n = 1 experiment). All samples were analyzed 
and exclusions applied on masked randomized images. LHA510 
concentrations were determined in rat and rabbit ocular tissues using 
liquid chromatography and mass spectrometry. Rats were dosed with 
4 uL of 1% LHA510 bilaterally. Plasma, retina or RPE/choroid/sclera 
samples were collected after a single dose or after 11 days of t.i.d. 
dosing (n = 2 rats/time point, 7 time points, 5 min – 24 hrs). New 
Zealand white and red crossed rabbits were dosed topically with  
30 uL of 2% LHA510 t.i.d. uniocularly for either a single dose or for 
7 days t.i.d. and retina, choroid or plasma collected  
(n = 4 rabbits/time point, 7 time points ranging from 0.5 hr – 96 hrs). 
Statistics were assessed with a one-way ANOVA with a post hoc 
analysis. ED50/90 values were calculated with Excel fit.
Results: LHA510 IC50 in enzymatic and cellular KDR assays 
were 19 ±14 and 17 ±14 (nM ±SD). The ED50/90 for CNV area 
inhibition of topical LHA510 was 1.0 and 2.6% b.i.d. and 0.5 and 
1.2% t.i.d. Topical LHA510 fully inhibited retinal leakage in rabbits 
challenged with IVT VEGF. LHA510 had high retinal and choroidal 
exposure and minimal plasma exposure following a single drop and 
accumulated in the ocular tissues with multiple doses (see tables). 
LHA510 was higher in the dosed eye than the non-dosed eye. This 
direct penetration accounted for 35.8% and 56.7% of the total 
AUClast in RPE/choroid and retina, respectively.
Conclusions: Efficacy of topical LHA510 in wet AMD patients will 
readout in 2017 (clin.trial.gov NCT02355028).

Commercial Relationships: Stephen H. Poor, Novartis Institutes 
for Biomedical Research (E); Christopher Adams, Novartis 
Institutes for Biomedical Research (E); Chad E. Bigelow, Novartis 
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Institutes for Biomedical Research (E); Debby Long, Novartis 
Institutes for Biomedical Research (E); Penny Yao, Novartis (E); 
Elizabeth Fassbender, Novartis Institutes for Biomedical Research 
(E); Siyuan Shen, Novartis Institutes for Biomedical Research 
(E); Jim Chastain, Novartis Institutes for Biomedical Research 
(E); Yubin Qiu, Novartis Institutes for Biomedical Research (E); 
Bruce D. Jaffee, Novartis Institutes for Biomedical Research (E)
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Finite-element design of a carboxymethylated hyaluronic acid 
(CMHA-S) ocular bandage
Jourdan Colter1, nathaniel cady2, Brenda Mann3, 
Barbara M. Wirostko3, 4, Brittany Coats1. 1Department of Mechanical 
Engineering, University of Utah, Salt Lake City, UT; 2Colleges of 
Nanoscale Science and Engineering, SUNY Polytechnic Institute, 
Albany, NY; 3EyeGate Pharma, Waltham, MA; 4Department of 
Ophthalmology and Visual Sciences, University of Utah, Salt Lake 
City, UT.
Purpose: Novel CMHA-S provides a unique platform for ocular 
bandages designed to protect and promote healing of the corneal 
surface following battlefield injuries as they can be molded into any 
design. To date, it is unknown what geometric features, material 
properties, and sizing is required to immobilize a CMHA-S bandage 
on the eye, and withstand physiological forces. The goal of this 
numerical study was to use finite-element (FE) analysis to (1) 
compare conceptual versions of the CMHA-S ocular bandages for 
retention, (2) determine the extent to which these bandages fit a range 
of corneal sizes; and (3) parametrically evaluate the effects of elastic 
modulus and thickness on retention.
Methods: A CMHA-S bandage was modeled on a simplified eye 
consisting of a cornea and upper/lower eyelids. A sursumduction eye 
movement was applied, and the relative displacement between the 
bandage and cornea was measured. Eight versions of the bandage 
were tested in the model. The final selected version was evaluated 
on corneal sizes two standard deviations above and below the mean. 
Model simulations iterated the bandage’s elastic modulus between 
±94% of the current modulus, and iterated thickness 2–7 times the 
original.
Results: Bandages with internal surfaces molded to the shape of the 
cornea yielded relative displacements 66% lower than those forming 
a concave bridge around the cornea. Simulations with smaller 
corneas produced relative displacements very similar to average-
sized corneas (0.01 mm difference), while simulations with larger 
corneas resulted in much greater relative displacements (>113% 
difference). Increasing elastic modulus of CMHA-S decreased the 
relative displacement between the bandage and the cornea; however, 
elastic moduli greater than the CMHA-S current modulus negligibly 
affected bandage displacement (< 0.05 mm). Bandage thickness did 
not greatly affect its displacement, in which all thickness iterations 
yielded relative displacements less than 0.05 mm.
Conclusions: Model outputs determined CMHA-S ocular bandages 
will perform best if molded to a larger than average size cornea. 
No modification to the current material properties of CMHA-S is 
needed. There is considerable flexibility in the allowable thickness 
of the bandage. This will be useful in accommodating drug-loading 
requirements, improve ease of handling, and relax thickness 
tolerances during manufacturing.
Commercial Relationships: Jourdan Colter; nathaniel cady, 
EyeGate Pharma (F); Brenda Mann, EyeGate Pharma (I), EyeGate 
Pharma (E); Barbara M. Wirostko, EyeGate Pharma (I), EyeGate 
Pharma (E); Brittany Coats, EyeGate Pharma (F)
Support: DoD Phase II SBIR Grant W81XWH-14-C-0025
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Therapeutic Potential of Sustained Delivery of AR-13154(S) in an 
Animal Model of Proliferative Diabetic Retinopathy
Kevin Carbajal, Jindong Ding, Meredith Weksler, Lori Moore, 
Casey Kopczynski, Cheng-Wen Lin. Pharmacology, Aerie 
Pharmaceuticals, Durham, NC.
Purpose: Rho-associated protein kinase (ROCK) has been implicated 
in the development of retinal neovascularization (NV) and vascular 
leakage in wet age-related macular degeneration (AMD) and 
proliferative diabetic retinopathy (PDR). We have previously shown 
that AR-13154(S), a selective multi-kinase inhibitor of ROCK/PKC/
JAK/PDGFR-b, has therapeutic potential as a treatment option for 
wet AMD and PDR, either as monotherapy and in combination with 
anti-VEGF agents. This study assesses the pharmacokinetic (PK) and 
efficacy profiles of AR-13154(S) when delivered via the sustained 
delivery of a sub-conjunctival (SC) depot or via the pulsatile delivery 
of topical eye drops.
Methods: In the oxygen-induced retinopathy (OIR) animal model, 
7-day old neonatal C57BL/6 mice were housed with their mothers 
at 75% oxygen from postnatal day (P) 7 to P12. Upon return to 
normoxia on P12, mice were treated with AR-13154(S) either as a 
0.06% topical eye drop, t.i.d., or via a 1-mL SC depot containing 
1mg/mL of AR13154(S) in thermosensitive gel. In the PK study, 
animals were sacrificed on P15 and AR-13154(S) drug concentrations 
in the retina were measured. In the efficacy study, mouse pups were 
euthanized on P17, and their retinas were flat-mounted and stained 
for NV quantification.
Results: In the OIR model, topical treatment with 0.06%  
AR-13154(S) t.i.d. resulted in a ~37% reduction of NV, whereas the 
SC-depot of 1mg/mL of AR13154(S) resulted in a ~64% reduction 
in NV, when compared to respective placebo controls. PK analysis 
showed that no AR-13154(S) was detected in the retinas in either 
treatment group. AR-13154 was shown to be converted to its active 
metabolite in the retina at therapeutic levels in both groups. The 
amount of reduction in NV in the SC-depot group showed direct 
correlation to concentration of the active metabolite in the retina.
Conclusions: Sustained delivery of AR13154(S) improved the PK 
and efficacy profile of AR-13154(S) in the retina, which resulted in 
greater reduction in NV area in the OIR model relative to topical t.i.d. 
delivery. This study illustrates the potential of sustained delivery of 
ROCK inhibitors for the treatment of vascular diseases of the eye.
Commercial Relationships: Kevin Carbajal; Jindong Ding, Aerie 
Pharmaceuticals (E); Meredith Weksler, Aerie Pharmaceuticals (E); 
Lori Moore, Aerie Pharmaceuticals (E); Casey Kopczynski, Aerie 
Pharmaceuticals (E); Cheng-Wen Lin, Aerie Pharmaceuticals (E)
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Allosteric modulator of microtubule end-binding protein-3 blocks 
laser-induced choroidal neovascularization
Yulia A. Komarova1, Martin Sanders2, Yin Sun1, Victor H. Guaiquil3, 
Asrar B. Malik1, Mark Rosenblatt4. 1Pharmacology, University 
of Illinois at Chicago, Chicago, IL; 2Laurel Therapeutics, Inc, 
Burlingame, CA; 3Illinois Eye and Ear Infirmary, University of 
Illinois at Chicago, Chicago, IL; 4Department of Ophthalmology & 
Visual Sciences, University of Illinois at Chicago, Chicago, IL.
Purpose: Age-related macular degeneration is account for more 
than 54% of all vision loss in the USA. Although current anti-VEGF 
therapies are effective in delaying the progression of disease, they do 
not eliminate the risk of blindness. This study establishes therapeutic 
benefits of novel allosteric inhibitor of end-binding protein 3 
(EBIN) in treatment of aberrant ocular neovascularization using an 
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experimental model of laser-induced choroidal neovascularization 
(CNV).
Methods: C57/B6 male mice (6-8 week old; N=9 per group) were 
used for these studies. A new the Micron IV platform  
image-guided laser system was adapted for CNV induction. Four 
laser burns at equal distance from the optic nerve were induced in 
right eye by a Argon laser pulse with a λ=532 nm, duration of 70 
ms, and power levels 210-250 mW. Treatment with control or EBIN 
peptides (1μg/eye), or antibody against mouse VEGF-A  
(2μg/eye; LEAF™) were administrated after the laser 
photocoagulation via intravitreal injection. Another cohort of mice 
was treated with eye drops EBIN (5μg per eye, twice daily) in 
combination with intravitreal injection of control or α-VEGF-A 
antibodies (2μg/eye). The post-mortem analysis of CNV area was 
performed using the flat mount preparations of retina/choroid/sclera 
stained with Alexa594-labled lectin from Bandeiraea simplicifolia. 
The area of CNV were quantified using fluorescein confocal images. 
One-way ANOVA and Tukey post hoc test was used for statistical 
analysis. Data are presented as mean±SD.
Results: CNV area were significantly decreased in both treatment 
groups, EBIN (p<0.001) and α-VEGF Ab (p<0.01), as compared 
to control group. Whereas CNV area reached 0.075±0.04 mm2 in 
control group, CNV area were significantly smaller, 0.02±0.013 mm2 
and 0.04±0.025 mm2, in EBIN and α-VEGF Ab groups, respectively. 
Furthermore, treatment with EBIN drops also decrease CNV area to 
0.011±0.013 mm2 (p<0.001) when EBIN treatment was combined 
with intravitreal injection of control antibody. However, combination 
of EBIN drops with anti-VEGF therapy did not provide any 
additional improvement. CNV area were 0.037±0.03 mm2 and not 
different from CNV area observed for anti-VEGF treatment alone.
Conclusions: Treatment with EBIN significantly reduces the CNV. 
Our data suggest that EBIN may represent a novel strategy for 
treating aberrant ocular angiogenesis.
Commercial Relationships: Yulia A. Komarova, Laurel 
Therapeutics, Inc (P), Laurel Therapeutics, Inc. (F), Laurel 
Therapeutics, Inc. (C); Martin Sanders, Laurel Therapeutics, 
Inc (E), Laurel Therapeutics, Inc. (P), Laurel Therapeutics, Inc. 
(I); Yin Sun, None; Victor H. Guaiquil, None; Asrar B. Malik, 
Laurel Therapeutics, Inc. (P), Laurel Therapeutics, Inc. (C); 
Mark Rosenblatt, Laurel Therapeutics, Inc. (P), Laurel 
Therapeutics, Inc. (C)
Support: Sponsored Research from Laurel Therapeutics, Inc.
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Taxifolin protects retinal pigment epithelium cells against 
oxidative stress induced apoptosis
Xiaobin Xie1, 2, Youzhi Tang1, 2. 1Eye Hospital of Chinese Medical 
Science, Beijing, China; 2Post-doctoral Research Station affiliated to 
the Chinese Academy of Chinese Medical Sciences, Beijing, China.
Purpose: Oxidative stress which induce retinal pigment epithelial 
(RPE) cell damage has been suggested to be an important factor 
in the pathogenesis of age-related macular degeneration (AMD). 
Taxifolin, a kind of flavanonol, has been shown to exhibit significant 
antioxidant properties .The purpose of this study was to investigate 
the potential protective effects of taxifolin in culture RPE cells during 
oxidative stress and its mechanisms.
Methods: Primary human RPE cells were treated with different 
concentrations of taxifolin as well as 0.4 μM H2O2 for 24 h. 
Cell viability was determined by the MTT assay. Apoptosis was 
quantitatively measured by annexin V/propidium iodide (PI) double 
staining and the expression levels of PARP was evaluated by western 
blotting. Reactive oxygen species (ROS) were measured using a 

commercially available ROS detection system. Phase II enzymes 
NAD(P)H quinine oxidoreductase 1 (NQO1), hemeoxygenase-1 
(HO-1), glutamate-cysteine ligase modifier subunit (GCLM), 
expression were examined with real time PCR and western blotting. 
The nuclear localization of nuclear factor (erythroid-derived 2)-like 2 
(Nrf2) protein were detected with western blotting.
Results: Treatment of taxifolin (100 μM) could decrease the 
apoptosis induced by H2O2 (0.4 mM) from 51.3% to 15.4%. Reactive 
oxygen species (ROS) were measured using a commercially available 
ROS detection system. It was found that taxifolin could abolish the 
generation of ROS induced by H2O2 in a dose dependent manner. 
Therefore, taxifolin clearly reduced H2O2-induced cell viability 
decrease, cell apoptosis, and intracellular generation of ROS. 
Moreover, taxifolin inhibited the H2O2-induced caspase-3 activation. 
Activation of the phosphatidylinositol 3-kinase/protein kinase B 
(PI3K/Akt) pathway was involved in the protective effect of taxifolin 
on the RPE cells. In addition, treatment with taxifolin activated 
the Nrf2-ARE pathway by inducing Nrf2 nuclear localization. 
Consequently, Phase II enzymes NQO1, HO-1, GCLM, and GCLC 
mRNA and proteins were increased.
Conclusions: Taxifolin protects retinal pigment epithelium cells 
against oxidative stress-induced cell apoptosis and the potential 
mechanism is possibly related with the activation of the Nrf2 as well 
as the Phase II antioxidant enzyme system.
Commercial Relationships: Xiaobin Xie; Youzhi Tang, None
Support: Program No. 2015M571241, General Program Supported 
by China Postdoctoral Science Foundation
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Tolerability of a Shape Changing Intravitreal Hydrogel Depot
Arthur Driscoll, Charles D. Blizzard, Jonathan H. Talamo, 
Peter K. Jarrett, Rami F. Elhayek, Tim Jarrett, Zach Lattrell, 
Michael McGrath, Stephen Takach, Amar Sawhney. Ocular 
Therapeutix, Bedford, MA.
Purpose: We evaluated the tolerability of a shape changing 
bioabsorbable hydrogel in Dutch belted rabbits. This hydrogel can 
be used as a vehicle for the sustained delivery of tyrosine kinase 
inhibitors (TKI) as well as large molecule anti-VEGF agents 
delivered via intravitreal injection in Dutch belted rabbits through  
6 months.
Methods: Eighteen eyes of naïve Dutch belted rabbits (n=9) were 
bilaterally dosed with the vehicle control at Day 0. Biweekly slit 
lamp, IOP, and posterior segment exams were performed. Monthly 
OCT was performed, and fluorescein angiography (FA), infrared 
fundus photography and electroretinography (ERG) were obtained at 
Months 1, 3 and 6. Eyes were enucleated at each time point (n=6) for 
histopathological evaluation.
Results: Serial clinical examinations showed no sign of inflammatory 
response or other abnormalities. No clinically-significant changes in 
IOP, OCT, ERG or FA were observed. Infrared fundus photography 
showed increasing translucency and shrinkage of depot size over 
time. At 1, 3 and 6 months, histopathologic analysis demonstrated 
minimal changes from baseline in cornea, conjunctiva, sclera, 
choroid, retina, and vitreous humor. Evidence of depot material was 
present at all time points.
Conclusions: The shape changing hydrogel appears well-tolerated 
in a DB rabbit model. In addition to an absence of clinical findings 
suggestive of immunoreactivity, light microscopy of tissue sections 
and OCT imaging showed minimal to no evidence of inflammatory 
response or abnormal chorioretinal morphology. Infrared fundus 
photography findings were consistent with depot resorption through 
6 months.
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Histopathologic analysis demonstrated minimal to no vitreal, retinal 
or scleral inflammation, or fibrosis around the injected material

Infrared fundus photography showed increasing shrinkage of depot 
size over time. OCT shows normal chorioretinal morphology through 
6 months. In some cases, hydrogel was not present at the 6 month 
time point
Commercial Relationships: Arthur Driscoll, Ocular 
Therapeutix (E); Charles D. Blizzard, Ocular Therapeutix (E); 
Jonathan H. Talamo, Ocular Therapeutix (E); Peter K. Jarrett, 
Ocular Therapeutix (E); Rami F. Elhayek, Ocular Therapeutix 
(E); Tim Jarrett, Ocular Therapeutix (E); Zach Lattrell, Ocular 
Therapeutix (E); Michael McGrath, Ocular Therapeutix (E); 
Stephen Takach, Ocular Therapeutix (E); Amar Sawhney, Ocular 
Therapeutix (E)
Support: Ocular Therapeutix supported this research.


