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250 AMD-Novel therapies
Monday, May 08, 2017 11:00 AM–12:45 PM
Exhibit/Poster Hall  Poster Session
Program #/Board # Range: 1981–1995/B0485–B0499
Organizing Section: Retinal Cell Biology

Program Number: 1981 Poster Board Number: B0485
Presentation Time: 11:00 AM–12:45 PM
Safety and efficiency of CRISPR-Cas9 gene editing in the retinal 
pigment epithelium
Mark E. Kleinman, Sushil K. Dubey, Kyung Jung, Jacob Roney, 
Dingyuan Lou, Jennifer Brown, Kabhilan Mohan. Ophthalmology & 
Visual Sci, Univ of Kentucky, Lexington, KY.
Purpose: The recently discovered CRISPR-Cas9 system has emerged 
as an easy, efficient, cost effective and broadly useful tool for genome 
editing. However, the therapeutic potential of this technique is 
uncertain due to the lack of a comprehensive understanding of the 
toxicity and immune responses that may occur with expression Cas9 
in the retinal pigment epithelium (RPE). In this study, off-target 
cytotoxicity and efficiency of CRISPR-Cas9 was evaluated in the 
RPE.
Methods: CRISPR–SpCas9n plasmids (Addgene) with flanking 
guide RNAs (gRNAs targeting HDAC1/2, CRISPR Design Toolkit, 
MIT) were transfected (Lipofectamine 3000) in ARPE19 (ATCC, 
n=3) and primary human RPE (Lonza, n=3). Control transfections 
included vectors with scrambled non-genomic gRNA and vectors 
without Cas9 or gRNA. After sorting (GFP) and puromycin selection 
(1μg/mL) of transfected cultures, DNA was Sanger sequenced to 
confirm target excision. Quantitative PCR and Western blotting 
(WB) were used to confirm loss of target gene expression (n=3). RPE 
cytotoxicity was evaluated by an MTT assay (Promega) and  
annexin/PI (BD, n=6). Globally expressing Cas9 mice 
(Gt(Rosa)26Sor, Jackson) were evaluted for retinal degeneration 
by color fundoscopy, SD-OCT (Spectralis) and ZO-1 
immunofluorescence (Abcam) of flatmounts. Cas9 gene insert 
reporter (FLAG) was studied by immunofluorescence (Cell 
Signaling) of cryosections and RPE/choroid flatmounts (n=3). 
Statistical tests used included Mann-Whitney U, ANOVA, and 
Fisher’s exact.
Results: Annexin/PI and MTT assays demonstrated no evidence of 
loss of RPE viability with pCas9 or scrambled gRNA expression 
(p>0.05). Expression of targeted genes (HDAC1/2) in RPE after 
CRISPR-Cas gene editing was non-detectable by qPCR or WB 
(p<0.01) compared to controls. Retinal phenotype of the globally 
expressing Cas9 appeared normal at 6-8 weeks of age by color 
fundoscopy, SD-OCT, and ZO-1 staining (Fig. 1A, p>0.05). 
Cryosections and RPE/choroidal flatmounts showed moderate levels 
of FLAG reporter in Cas9 versus Wt mice (Fig. 1B, n=3).
Conclusions: Our studies suggest that CRISPR-Cas9 gene editing 
is well-tolerated by RPE and did not induce cytotoxicity. In vitro 
data suggested that targeted editing is possible with excellent 
efficiency. Future studies will be directed towards investigating 
off-target immune responses with CRISPR-Cas9 expression and the 
development of constructs of RPE specific gRNA expression in the 
global Cas9 mouse.

Commercial Relationships: Mark E. Kleinman, None; 
Sushil K. Dubey, None; Kyung Jung, None; Jacob Roney, None; 
Dingyuan Lou, None; Jennifer Brown, None; Kabhilan Mohan, 
None
Support: RPB Career Development Award/NEI K08EY021757
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The protective effect of OCX063 on reducing neovascularization 
and lesion size in a mouse model of choroidal neovascularization
Erica L. Fletcher1, Alice A. Brandli1, Roy Kong2, Fay Khong2, 3, 
Darren J. Kelly2, 3. 1Dept Anatomy/Neuroscience, University of 
Melbourne, Parkville, VIC, Australia; 2Department of Medicine, The 
University of Melbourne, Fitzroy, VIC, Australia; 3Occurx Pty Ltd, 
Melbourne, VIC, Australia.
Purpose: Vision loss in wet age-related macular degeneration (AMD) 
is caused by aberrant blood vessel growth and fibrosis in the choroid. 
Wet AMD is currently treated by intravitreal injection of vascular 
endothelial growth factor (VEGF) inhibitors. These anti-VEGFs 
agents, however, are not effective in all patients. Hence, there is a 
need for novel drugs that reduce neovascularization, and choroidal 
fibrosis. We investigated the effect of OCX063 in an experimental 
model of choroidal neovascularization (CNV).
Methods: CNV lesions were induced in 8 week old female BL6 mice 
(n= 10 eyes/group) using laser photocoagulation (350 mW). Animals 
were intravitreal injected with either 0.5 uL of OCX063 (50 uM) or 
PBS immediately following lasering (acute) or at 7 days (long-term). 
Leakage was assessed using fluorescence angiography and total 
lesion size was quantified using image J at 7 days or 30 days and 
animals were euthanized at 7 days or at 30 days and the eyes were 
removed, fixed and stained using trichrome. The CNV lesion height/
choroid height ratio was measured in image J. mRNA expression 
and gene ontology (GO) analysis study was also undertaken. RNA 
was extracted from the RPE, 7 days after laser. mRNA expression 
levels were compared using angiogenesis and fibrosis qPCR arrays. 
Significantly expressed genes relative to control (p< 0.05, fold change 
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(FC) ± 1.5) underwent overrepresentation testing on the panther GO 
platform.
Results: CNV lesions outcomes were reduced in OCX063 treated 
mice relative to PBS treated mice in the acute and long-term 
experiments. The total leakage area (Pixels, 7 days; 5.7 x 104 vs. 2.8 x 
104, 30 days; 2.3 x 104 vs. 1.4 x 104, p< 0.05) and the CNV lesion size 
(B/C ratio, 7 days; 5.5 vs. 3.5 (p< 0.01), 30 days; 3.6 vs.  
2.6 (p< 0.05)) was significantly reduced. Gene expression changes 
showed that OCX063 significantly reduced (p< 0.05) the mRNA 
expression of CNV-promoting genes; Timp1 (-1.6 FC), Cxcl11  
(-1.5 FC), and Thbs1 (-1.3 FC). Over-enrichment testing revealed 
TGF-beta pathways were being regulated by OCX063, indicating that 
OCX063 may be acting as an anti-fibrotic.
Conclusions: OCX063 reduced CNV lesion size and leakage at  
7 days and 30 days. OCX063 may provide an alternative treatment to 
wet AMD patients especially those that do not respond to anti-VEGF 
therapies.
Commercial Relationships: Erica L. Fletcher, Occurx Pty Ltd (F); 
Alice A. Brandli, None; Roy Kong, None; Fay Khong, Occurx Pty 
Ltd (E); Darren J. Kelly, Occurx Pty Ltd (E)

Program Number: 1983 Poster Board Number: B0487
Presentation Time: 11:00 AM–12:45 PM
Towards an experimental stem cell-based therapy for Age-related 
Macular Degeneration
Céline Koster1, Ghazaleh Hajmousa1, Anna Bennis1, 2, 
Reinier Schlingemann1, 3, Jan van Meurs4, Frank Verbraak5, 
Theo Smit6, Jacoline ten Brink1, Anneloor ten Asbroek1, Vivi Heine2, 7, 
Arthur Bergen1, 5. 1Clinical Genetics, AMC, Amsterdam, Netherlands; 
2Pediatrics, VUmc, Amsterdam, Netherlands; 3Ophthalmology, 
AMC, Amsterdam, Netherlands; 4Rotterdam Eye Hospital, 
Rotterdam, Netherlands; 5Ophthalmology, AMC/VUmc, Amsterdam, 
Netherlands; 6Anatomy, Embryology and Physiology, AMC, 
Amsterdam, Netherlands; 7Complex trait genetics, Vrije Universiteit, 
Amsterdam, Netherlands.
Purpose: Age-related macular degeneration is a major cause of 
severe, progressive visual impairment among elderly. There is 
no treatment to restore vision when the function of the macula is 
decreased. The retinal pigment epithelium (RPE) plays a major role 
in the etiology. In this project we aim to transfer stem cell derived-
RPE in an animal model for retinal degeneration, to regain vision.
Methods: Human Embryonic Stem cells (hESCs) and induced 
Pluripotent Stem Cells (iPSCs) were differentiated into RPE in vitro 
on matrigel and artificial Bruch’s membranes (scaffolds). Different 
types were selected as potential carrier for the differentiation and 
transplantation procedures. Characterization of differentiating 
hESC/iPSC-RPE included immunohistochemistry, flow cytometry, 
microarray, and semi-quantitative PCR. C57BL/6 mice were 
anesthetized (0.08mL/10 mg) using Ketamine (10 mg/mL) and 
Xylazine (1 mg/mL). Subretinal injection of a cell suspension 
(50.000 cells) and transplantation of cells on scaffolds were done 
using, respectively, a 33G needle and 23-27G instruments. As a proof 
of principle, we transferred hESC/iPSC-RPE, ARPE-19 cells and 
controls (no cells) into genetically blind (RPE65 knockout) mice. 
For baseline measurements, 3M-old RPE65 mice were followed 
using SLO/OCT (Scanning laser ophthalmoscopy/Optical coherence 
tomography) and ERG (Electroretinography) to check structure and 
function of the retina. ERG responses were analyzed using the a- and 
b-waves (amplitudes; latency time).
Results: hESCs and iPSCs successfully differentiated into RPE on 
matrigel and scaffolds, usually within 30-40 days. They showed the 
expression of different specific RPE markers (RPE65, BEST1, MITF, 

MERTK, ZO-1). A phagocytosis assay showed that the RPE lines 
were able to digest rod outer segments. Microarray analysis showed 
that hESC-RPE, native RPE and human Iris epithelium are similar, 
but also showed distinct (functional) features. After hESC/iPSC-RPE 
cell transfer, mice were followed using SLO/OCT and ERG. We 
verified that the RPE65 mice have no retinal degeneration (yet) but 
that photopic and scotopic amplitudes are absent, a stage of disease 
potentially allowing documentation of improvement on natural 
history.
Conclusions: We developed a pre-clinical pipe-line, in which we 
differentiate stem cells to RPE, transfer these cells in a suitable 
animal model and evaluate function by non-invasive inspection 
(SLO/OCT and ERG).
Commercial Relationships: Céline Koster; Ghazaleh Hajmousa, 
None; Anna Bennis, None; Reinier Schlingemann, None; 
Jan van Meurs, None; Frank Verbraak, None; Theo Smit, 
None; Jacoline ten Brink, None; Anneloor ten Asbroek, None; 
Vivi Heine, None; Arthur Bergen, None
Support: Uitzicht 2014-7
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Pharmacokinetics of a 6 month Sustained Hydrogel Delivery 
System for Tyrosine Kinase Inhibitors in Dutch Belted Rabbits
Tim Jarrett, Rami F. Elhayek, Zach Lattrell, Michael McGrath, 
Stephen Takach, Peter K. Jarrett, Jonathan H. Talamo, 
Amar Sawhney. Ocular Therapeutix, Bedford, MA.
Purpose: We evaluated the pharmacokinetics 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 and were enucleated 
and flash frozen at Months 1 (n=12), 3 (n=18) and 6 (n=18). Plasma, 
aqueous humor, vitreous humor, retina and choroid were collected 
then analyzed by high performance liquid chromatography for tissue 
concentration.
Results: OTX-TKI produced significant levels of TKI in the vitreous 
humor, retina and choroid at 1, 3 and 6 months. High levels (>3800x 
IC50) of TKI were recorded in the vitreous humor, retina and choroid 
from Month 1 through 6 without clinical evidence of local toxicity. 
The observed concentrations of TKI increased over time in these 
tissues. TKI was below the level of quantification (<0.015 ng/mL) in 
the aqueous humor and plasma at all time points.
Conclusions: We have demonstrated for the first time the ability to 
deliver and maintain high tissue levels of TKI in vitreous humor, 
retina, and choroid using an intravitreal bioabsorbable hydrogel depot 
for 6 months. Tissue concentrations were highest at 6 months; this 
observation may reflect a somewhat higher TKI release rate at the 
termination of the depot lifetime. Plasma levels were below the level 
of quantification, suggesting minimal risk of systemic toxicity.
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Relationship of Drug Exposure of OTX-TKI over Time
Commercial Relationships: Tim Jarrett, Ocular Therapeutix (E); 
Rami F. Elhayek, Ocular Therapeutix (E); Zach Lattrell, Ocular 
Therapeutix (E); Michael McGrath, Ocular Therapeutix (E); 
Stephen Takach, Ocular Therapeutix (E); Peter K. Jarrett, Ocular 
Therapeutix (E); Jonathan H. Talamo, Ocular Therapeutix (E); 
Amar Sawhney, Ocular Therapeutix (E)
Support: Ocular Therapeutix supported this research.

Program Number: 1985 Poster Board Number: B0489
Presentation Time: 11:00 AM–12:45 PM
Longevinex® Observed to Improve AMD Clinical Dark 
Adaptation
Stuart P. Richer1, 3, Lawrence J. Ulanski1, 2, Anish Bhandari3, 
Natalia Popenko3. 1Eye Clinic 112E, Capt James Lovell Fed Hlth 
Care Facility, North Chicago, IL; 2Eye & Ear Infirmary, University of 
Illinois, Chicago, IL; 3Family Medicine, RFUMS / Chicago Medical 
School, North Chicago, IL.
Purpose: Gradual deterioration of photoreceptor / RPE health in 
untreated and treated AMD patients is common, irrespective of 
AREDS I, II supplement risk reduction, or intra-vitreal anti-VEGF 
pharmacologic approaches. We evaluated the dark adaptation (DA) 
of atrophic AMD patients, a measure of photoreceptor / RPE health 
before and after Longevinex ®, prescribed under compassionate care 
clinical guidelines.
Methods: Baseline clinical DA threshold (log DB), time (min), and 
fixation (%) were taken for 8 consecutive patients with established 
atrophic AMD (n=16 eyes; 7 M / 1 F; ages 64 - 89 years), using the 
Maculogix® Adapt Dx, with best refractive correction. Following 
treatment with Longevinex® (Longevinex Partners, Las Vegas, NV) 
1 capsule qd AM, DA was repeated at varying follow-up exams.
Results: All but 2 eyes improved in one or more of the 3 DA 
parameters, with 1 case showing improvement by retinal SD OCT. 
Expected vs. actual (worse/same/better) Chi Square, P =0.01.
Conclusions: The first cases of DA stability / improvement are 
consistent with previous beneficial effects of Longevinex® as well 
as putative enhanced choriocapillaris circulation. DA is the earliest 
functional AMD sign, and a prime candidate for “ AMD prevention” 
This work merits expansion to a controlled study.

Commercial Relationships: Stuart P. Richer; 
Lawrence J. Ulanski, None; Anish Bhandari, None; 
Natalia Popenko, None
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MODELLING OF TRANSPLANTATION OF RETINAL 
PIGMENT EPITHELIUM IN THE FORM OF 
MULTICELLULAR MICROAGGREGATES IN VITRO
Ilya Popov, Dmitry Ostrovsky, Madina Khubetsova, Sergey Borzenok. 
The Center of Fundamental Ophthalmology, The S. Fyodorov Eye 
Microsurgery Federal State Institution, Moscow, Russian Federation.
Purpose: Retinal pigment epithelium (RPE) cells subretinal 
transplantation is usually modelled via in vivo models in rabbits 
or mice, and results in these cases cannot be seen until the end of 
observation period. We hypothesized that choroid fragment (CF) 
in vitro organ culture can be used for non-invasive tracking the 
process of RPE spheroid adaptation upon Bruch’s membrane. So, we 
compared the adhesion rates of spheroids in CF organ culture and in 
standard culture plate.
Methods: Preliminary step. Human cadaver passage 3 RPE cells 
were 3D-cultured to obtain 198 RPE spheroids during 2 weeks. Each 
spheroid had diameter of 150 to 200 micrometers.
Main group. Day 0. A CF (2 mm2 in size) was excised from a human 
cadaver eyeball and held in the hand-made plastic clamp (9 CFs in 
total from 9 eyeballs). Each CF was de-epithelized with exposition 
of Bruch’s membrane and then cultured in standard conditions. Day 
1. RPE spheroids were placed upon the Bruch’s membrane of CFs 
(11 spheroids per CF). Day 7. CFs were taken out of the clamps and 
investigated with a standard histological protocol.
Control group. 99 RPE spheroids were cultured in regular culture 
plates (11 spheroids per well) on days 1 to 7.
Common steps. Light microscopical investigation was performed 
daily. Standard culture in all cases meant incubation in 37oC, 5% 
CO2, 100% humidity with change of culture medium every other day. 
Culture medium in all cases consisted of DMEM/F12, fetal bovine 
serum (10%).
Quantitative analysis. Spheroid’s adherence was detected visually by 
substrate vibrational test. For evaluation of statistically significant 
difference between substrate adherence rates in groups exact Fisher’s 
test was used.
Results: Day 1. The spheroids were detected to have adhered to 
Bruch’s membrane or wells’ surface (in control group). Day 2. A 
cell layer started spreading around adhered spheroids. Days 3-6. 
Cell monolayer was shown to expand and to consist of low-pigment 
polygonal cells. Day 7. Histological research confirmed the presence 
of spheroids stuck to the Bruch’s membrane. The numbers of 
adhered/unattached spheroids in the main and control group were 
71/28 and 90/9, respectively (p=0.0009).
Conclusions: CF organ culture has been shown to be suitable 
for modelling of RPE transplantation, but RPE spheroids shown 
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significantly lower tendency to adhere to cadaver Bruch’s membrane 
than to standard culture plastic.
Commercial Relationships: Ilya Popov, None; Dmitry Ostrovsky, 
None; Madina Khubetsova, None; Sergey Borzenok, None

Program Number: 1987 Poster Board Number: B0491
Presentation Time: 11:00 AM–12:45 PM
Neutralization of IFNAR1 prevents histone deacetylase inhibitor 
induced retinal pigment epithelium cell death
kyung sik jung, Kabhilan Mohan, Subhash Prajapati, 
Sushil K. Dubey, Dingyuan Lou, Jacob Roney, Jennifer Brown, 
Mark E. Kleinman. Ophthalmology, University of Kentucky, 
Lexington, KY.
Purpose: We have previously demonstrated that Class I/II histone 
deacetylase inhibition (HDACi) increased widespread pro-
inflammatory gene expression and cell death in the retinal pigment 
epithelium (RPE). These data also identified interferon related genes 
which are similarly elevated in RPE from eyes with age-related 
macular degeneration (IFNb1/CXCL9/10). Here, we studied the 
Type I interferon (IFN) response during in vitro and in vivo models 
of HDACi and evaluated the therapeutic potential of pharmacologic 
blockade of the Type I IFN receptor, IFNAR1.
Methods: Wild-type (Wt) C57BL/6J and Ifnar1-/- (both from Jackson 
Labs) mouse eyes were imaged by fundus photography 7 days 
after intravitreous injection of various HDACi (MS-275 (1 μg/μl), 
MGCD0103 (1 μg/μl), trichostatin-A (TSA, 0.5 μg/μl) or vehicle 
(DMSO), n=5 per group). Mouse RPE isolates were treated with TSA 
(0.1/0.5 μM) and analyzed by qPCR for expression of Type I IFNs. 
Validated short-interfering RNAs (siRNAs, 17+2 nt-cholesterol) and 
a neutralizing antibody (R&D Systems, AF3039) targeting IFNAR1 
were tested in our in vivo model of HDACi induced RPE toxicity. 
Statistical analyses were performed by Mann-Whitney U or Fisher’s 
exact tests.
Results: Type I IFN levels were significantly increased in mouse 
RPE isolates after treatment with TSA (0.1/0.5 μM, p<0.05). 
In Ifnar-/- mice, we observed no detectable RPE toxicity after 
intravitreous administration of class I/II HDACi (TSA, MS-275, 
MGCD0103) compared to significant RPE atrophy in Wt mice 
(Figure 1A/B/E, color fundus imaging; ZO-1 immunofluorescence, 
p<0.01). Pharmacologic rescue with pretreatment of anti-IFNAR1 
neutralizing antibody or Ifnar1 siRNA significantly decreased 
HDACi induced RPE degeneration compared to controls  
(Figure C/D/E, p<0.05).
Conclusions: A significant Type I IFN response was detected 
with treatment of Class I/II HDACi in RPE. Genetic ablation 
and pharmacologic inhibition of the Type I IFN receptor, Ifnar1, 
significantly diminished RPE toxicity and cell death in vivo. These 
data and others suggest a potential therapeutic role for IFNAR1 
inhibition in advanced dry AMD, and future studies will be directed 
towards understanding the downstream effects of Type I IFN 
neutralization in RPE.

Figure. Ifnar1 decreased TSA-treated RPE toxicity.
Commercial Relationships: kyung sik jung, None; 
Kabhilan Mohan, None; Subhash Prajapati, None; 
Sushil K. Dubey, None; Dingyuan Lou, None; Jacob Roney, None; 
Jennifer Brown, None; Mark E. Kleinman, None

Program Number: 1988 Poster Board Number: B0492
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EFFICACY OF A NEW FOOD SUPPLEMENT IN A MURINE 
MODEL OF ATROPHIC AMD
Dario Rusciano1, Maddalena Balestra2, Massimo Dal Monte3, 
Maurizio Cammalleri3, Filippo Locri3, Paola Bagnoli3. 1Scientific 
Department, Sooft Spa, Roma, Italy; 2Marketing, Sooft SpA, Rome, 
Italy; 3University of Pisa, Pisa, Italy.
Purpose: Atrophic Age-Related Macular Degeneration (AMD) is 
characterized by the presence of insoluble residues (drusen) between 
the RPE and the Bruch’s membrane. Such atrophic disease may 
progress towards geographic atrophy (90% of the cases), or choroid 
neovascularization (CNV: 10% of the cases). The neovascular form 
can be treated by anti-VEGF therapy, but no satisfactory treatment 
exists for the atrophic disease. Aim of this work has been to 
investigate in a murine model of the atrophic form the efficacy of an 
innovative food supplement orally administered during the course of 
the disease.
Methods: We used a murine model in which a subretinic injection 
of polyethylene glycol 400 (PEG: 0.5 mg in 2 ml) simulates the 
occurrence of drusen, and starts an inflammatory degenerative 
reaction simulating an acute development of atrophic AMD 
(Lyzogubov et al., 2014). A mixture (10 mg in 0.2 ml) of fatty acids, 
palmitoyl-ethanolamide, lycopene and spirulin (mFAG) diluted in 
sugar-water has been given by daily gavage to animals fed with a 
standard diet, starting 10 days before the insult and continuing up to  
5 days after PEG injection. Control animals received gavage 
treatment with sugar-water only. Molecular markers of inflammation, 
glia activation and macrophage infiltration have been investigated 
in the retina and the choroid separately by mRNA and protein 
expression.
Results: Six days after PEG injection there was a significant increase 
in inflammatory (TNFa, IL1b, IL6, IL7 and IL8), glia activation 
(GFAP, ICAM1 and iNOS) and macrophage infiltration (CD68 and 
F4/80) markers at the mRNA level in the retina and the choroid. The 
increase in macrophage infiltration was confirmed at the protein level 
by ELISA. Oral treatment with mFAG, but not with the vehicle alone, 



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.

resulted in a significant reduction of all these markers (however, 
not at baseline levels) in the retina and the choroid, with the only 
exception of macrophage infiltration, which was decreased in the 
choroid, but not in the retina.
Conclusions: Our data show that oral administration of such 
innovative food supplement is able to limit the acute inflammatory 
reaction and the macrophage infiltration triggered by a drusen-like 
insult. Therefore, it might be a useful tool to prevent or limit the 
progression of atrophic AMD to CNV in humans. Clinical studies are 
now running to confirm the observed effects in early AMD patients.
Commercial Relationships: Dario Rusciano, Sooft Italia SpA (E); 
Maddalena Balestra, Sooft SpA (E); Massimo Dal Monte, None; 
Maurizio Cammalleri, None; Filippo Locri, None; Paola Bagnoli, 
Sooft SpA (F)
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CRB-1 rd8 Mutation Influences the Extent of AMD-like 
Retinal Alterations in NRF2 Knock Out Mice and Favors CNV 
Formation
Jan Tode, Elisabeth Richert, Alexa Klettner, Claus C. von der 
Burchard, Stefan O. Koinzer, Johann Roider. Ophthalmology, 
Christian-Albrechts-University Kiel, Kiel, Germany.
Purpose: Retinal degeneration (rd)8 mutation of the human crumbs 
homolog (CRB)-1 gene is known to lead to neuroretinal degeneration. 
Rd8 mutation may confound retinal alterations in age related macular 
degeneration (AMD) mouse models with implications for AMD 
research. We tested the influence of the rd8 mutation on AMD-like 
alterations in the nuclear factor E2-related factor 2 knock out  
(NRF2-/-) AMD mouse model.
Methods: CRB-1 rd8 mutation genotype was determined by PCR 
from tail clips in 73 NRF2-/- mice originating from a C57BL/6J 
background purchased from Jackson Labs (Bar Harbor, ME USA). 
All mice were examined by funduscopy and optical coherence 
tomography (OCT) at the age of 9 or 12 months to evaluate the 
clinical score of AMD-like retinal alterations. Clinical score was 
determined by the number of drusen (1= physiological retina, 2= 1-14 
drusen, 3= 15-100 drusen, 4= >100 drusen, 5= any number of drusen 
+ choroidal neovascularization [CNV], retinal pigment epithelium 
(RPE)/retinal atrophy or hemorrhage) in a standardized manner. CNV 
was confirmed by fluorescein angiography (FLA).
Results: Twelve NRF2-/- mice were heterozygote for CRB-1 rd8 
mutation, 61 were homozygote. Drusen could be seen by funduscopy 
in most eyes and verified by OCT. Seventeen % (4/24 eyes) of the 
heterozygote mice had a physiological retina, 3 % (4/122 eyes) of 
the homozygote mice. Forty six % (11/24 eyes) of the heterozygote 
mice had grade 2 AMD-like alterations vs. 29 % (35/122) of the 
homozygote. Twelve % (3/24 eyes) of the heterozygote mice had 
grade 4 AMD-like fundus alterations vs. 36 % (44/122 eyes) of the 
homozygote mice. No CNV was detected in heterozygote mice, but 
in 16 eyes of the homozygote, thus significant, CNV was detected 
and confirmed by OCT and FLA. The pattern of drusen distribution 
across the retina did not follow a certain scheme, it was homogenous. 
There was no significant difference in AMD score concerning age  
(9 or 12 months).
Conclusions: Homozygote CRB-1 rd8 mutation can be found in a 
commercial vendor mice strain of C57BL/6J origin. The mutation has 
an influence on the extent of AMD-like retinal alterations in NRF2-
/- mice. However, these alterations may develop independently of rd8 
mutation. CRB-1 rd8 mutation may favor CNV formation.
Commercial Relationships: Jan Tode, None; Elisabeth Richert, 
None; Alexa Klettner, None; Claus C. von der Burchard, None; 
Stefan O. Koinzer, None; Johann Roider, None

Support: BMBF grant 13GW0043D
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Evaluation of Aflibercept in a Laser-Induced Model of Choroidal 
Neovascularization in Pigs
David Culp1, Samirkumar R. Patel2, Brian C. Gilger3, 1. 1Powered 
Research, LLC, Research Triangle Park, NC; 2Clearside Biomedical, 
Alpharetta, GA; 3Clinical Sciences, North Carolina State University, 
Raleigh, NC.
Purpose: The purpose of this study was to evaluate and characterize 
a porcine model of laser induced choroidal neovascularization (CNV) 
to evaluate therapeutic drug candidates for the treatment of posterior 
segment diseases, such as macular degeneration.
Methods: Choroidal neovascularization complexes were created 
using an 810 nm diode laser in weanling pigs. Immediately 
following laser treatment, pigs were given an intravitreal (IVT) 
injection of aflibercept (2 mg) or balanced salt saline (BSS). Color 
fundus photography, fluorescein angiography (FA), and retinal 
optical coherence tomography (OCT), including retinal thickness 
measurements, were performed on days 14 and 28. Following 
euthanasia, eye cups were labeled with 4’, 
6-diamidino-2-phenylindole (nucleus), isolectin IB4 (blood vessels 
and microglia) and phalloidin (F-actin). The sclera-choroid/RPE 
complex was flat mounted, 2D fluorescent images were acquired, and 
the isolectin IB4 signal was used to quantify neovascularization.
Results: The diode laser energy delivered via a laser indirect headset 
created uniform white laser lesions surrounding the optic nerve. 
In most pigs, 6 lesions were created. The lesions could be readily 
observed on fundus photography, optical coherence tomography 
(OCT), and fluorescein angiography (FA). On evaluation of retinal 
thickness by OCT, both adjacent to the lesion and the center of 
the lesion, there was no significant difference between BSS and 
aflibercept treated eyes at either time point. On FA, at 2 and 4 
weeks after laser, eyes treated with aflibercept had significantly 
smaller mean area of fluorescence compared to BSS eyes (P<0.004). 
Quantification of neoformed vessels on retinal flat mount tissue 
revealed that eyes treated with aflibercept had significantly lower 
isolectin IB4 signal than BSS treated eyes (P=0.0129).
Conclusions: Overall, these results suggest the porcine laser CNV 
model may be a suitable model to evaluate new drug candidates for 
CNV. Although color fundus photography and OCT may provide 
morphologic and descriptive data on the effects of a test article on 
retinal lesions, these results suggest that FA and retinal flat mount 
analysis may be the most discerning end points for evaluating 
test article treatment effect. Furthermore, the time point for these 
endpoints measurement appears to be as early as 2 weeks after 
creation of lesions with laser.
Commercial Relationships: David Culp, Po (E); 
Samirkumar R. Patel, Clearside Biomedical (E); Brian C. Gilger, 
Powered Research (C)
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IND-enabling preclinical toxicity and tumorigenicity studies for 
AMD-patient’s iPSC-derived RPE in immunocompromised rats
Vladimir Khristov, Arvydas Maminishkis, Balendu Jha, 
Sheldon S. Miller, Kapil Bharti. National Eye Institute, National 
Institutes of Health, Washington, DC.
Purpose: Advanced age-related macular degeneration affects 
millions of people worldwide and likely initiates because of retinal 
pigment epithelium (RPE) atrophy. One promising therapeutic 
approach is to replace atrophied RPE with an autologous  



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.

iPSC-derived RPE tissue. We have developed and functionally 
validated an iPSC-derived RPE monolayer tissue grown on a 
biodegradable poly (lacto-co-glycolic acid) scaffold. The goal of this 
study is to test toxicity and tumorigenicity of this cell therapy product 
as part of IND-enabling studies.
Methods: AMD patient-specific iPSC-derived RPE were cultured on 
biodegradable PLGA scaffolds for 5 weeks. Immunocompromised 
(Crl:NIH-Foxn1rnu) rats were used in these studies to minimize 
immune response against human cells. Human cells were delivered to 
the rat subretinal space either as a 5 uL subretinal injection containing 
100,000 viable cells, or as a polarized monolayer on PLGA scaffold 
(0.2 mm2). Throughout the 10-week post-implantation period, 
rats were monitored for adverse ophthalmic, health, and behavior 
changes. After sacrifice, rat eyes were evaluated by histology, 
and rat tissues were tested for the presence of human cells by 
immunohistochemistry.
Results: Subretinal transplantation of human iPSC-RPE cell 
suspension or scaffold tissue were well tolerated in the rat model. 
Although, injection of pure iPSC cell suspension produced teratomas 
as early as 4 weeks post-implantation, injection of iPSC-RPE cells 
(human dose) or scaffold transplantation (human equivalent rat 
dose) did not show any adverse events in a 10-week follow up. 
Immunostaining for human RPE markers showed clumps of RPE 
cells in the subretinal space in the case of injections and well-
integrated RPE monolayer in the case of iPSC-RPE transplantation.
Conclusions: Use of immunocompromised rat model for safety, 
toxicity, and tumorigenicity for iPSC-derived RPE testing, has 
provided reliable and reproducible results using both subretinal 
injection and implantation studies. The human iPSC-RPE dose was 
well tolerated in the rat eye. These findings provide strong support 
towards the safety of iPSC-derived RPE implants for use in humans.

Subretinal dose site 10 weeks after implantation of iPSC-derived RPE 
on PLGA scaffold immunostained for human cytoplasmic marker 
STEM121
Commercial Relationships: Vladimir Khristov, None; 
Arvydas Maminishkis, None; Balendu Jha, None; 
Sheldon S. Miller, None; Kapil Bharti, None
Support: NIH Intramural and Common Fund

Program Number: 1992 Poster Board Number: B0496
Presentation Time: 11:00 AM–12:45 PM
Human iPSC-RPE cell transplant in a swine laser-injury model 
mitigates progressive visual functionality decline
Aaron Rising, Yichao Li, Vladimir Khristov, Balendu Jha, 
Haohua Qian, Maria M. Campos, Arvydas Maminishkis, 
Juan Amaral, Sheldon S. Miller, Kapil Bharti. National Eye Institute, 
National Institutes of Health, Bethesda, MD.
Purpose: Age-related macular degeneration (AMD) is a progressive 
eye disorder that causes visual loss in people 50 years and older 
with 200,000 new cases per year in the United States. Our goal is to 
mitigate the functional visual decline in a laser-induced RPE injury 
in pigs with induced pluripotent cells derived retinal pigmented 
epithelial (iPSC-RPE).
Methods: We use a swine model, because pig eye size and anatomy 
is similar to human’s, making it easier to translate results to the 
clinic. To generate our AMD-like model the pig RPE is laser-injured. 
After surgically introducing the iPSC-RPE cells on a permeable and 
biodegradable scaffold implant we measure the visual functionality 
by multi-focal electroretinography (mfERG)and in vivo anatomical 
architectures using optical coherence tomography (OCT) out to 10 
weeks. For the mfERG assessments, we measured the N1P1 signal 
at each time point. The N1P1 signal differential between implant 
and the laser signal was calculated and used as main functional 
measurement. Histological assessments including H&E, Masson 
and immunohistochemistry were preformed to determine rescue 
of the retina by the iPSC-RPE implant. A total of 8 experimental 
and 6 control male swine eyes were used for this study. Statistical 
significance was determined using 2-way ANOVA at p<0.05.
Results: RPE injury leads to progressive photoreceptor cell death 
and a decreased retinal response as measured by mfERG. Human 
iPSC-RPE cells survive under the retina of an immunosuppressed 
pig. The RPE monolayer on a scaffold is able to help rescue the 
dying photoreceptors, whereas the scaffold alone is not capable of 
this rescue as effectively. mfERG signal responses show statistically 
significant difference between implant with and without the RPE 
monolayer (p<0.05, 2-Way ANOVA). OCT and histology show 
that the retinal architecture above the implant with cells were better 
preserved compared to the retina above the implant without cells.
Conclusions: Our results show a statistically significant difference 
between the implant with and without iPSC-RPE cells. Both 
treatments show a decline of retinal function over time, however 
the treatment with iPSC-RPE cells mitigates the decline seen in the 
implant without cells. These feasibility studies lay the ground-work 
for GLP studies to test efficacy of clinical-grade iPSC-RPE derived 
from AMD patients.
Commercial Relationships: Aaron Rising; Yichao Li, None; 
Vladimir Khristov, None; Balendu Jha, None; Haohua Qian, 
None; Maria M. Campos, None; Arvydas Maminishkis, None; 
Juan Amaral, None; Sheldon S. Miller, None; Kapil Bharti, None
Support: NEI Intramural and NIH Common Fund
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Validation and characterization of a chronic model of retinal 
leakage in the Dutch Belted Rabbit using DL-AAA
Jeffrey A. Jamison. Ophthy-DS, Inc, Kalamazoo, MI.
Purpose: To characterize and validate a model of retinal 
neovascularization (NV) and chronic leakage created by intravitreal 
injection of the glial toxin, DL-2-aminoadipic acid (DL-AAA) in the 
pigmented Dutch Belted rabbit. The anti-VEGF antibody Avastin 
was used to show temporary suppression of leakage and validate the 
model.
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Methods: Procedures were done under isoflurane anesthesia. 
Animals were given 80ul of an 80 mM solution per eye of DL-AAA 
intravitreally on Day 0. IR fundus imaging, fluorescein angiography 
(FA), indocyan green angiography (ICG), and optical coherence 
tomography (OCT) was performed using the Heidelberg Spectralis 
cSLO at various times over 12 months. Once the retina developed 
stable leakage (~10 weeks), animals were administered 0.25 ug 
Avastin intravitreally and monitored for return to stable pathology.
Results: DL-AAA given intravitreally to DB Rabbits resulting in 
retinal NV and increased vascular tortuosity as early as 4 weeks post 
injection. Leakage of retinal vessels developed in ~80% of animals 
by Week 6 which peaked in area and intensity by Week 14. NV was 
always towards the cone dense region bellow the optic nerve head 
and these areas exhibited the earliest signs of leakage, though leakage 
superior to the ONH was common several weeks later. Vascular 
dilation was apparent with FA and OCT. Leakage was not detectable 
using ICG angiography either due to background signal from the 
choroid or the lack of dye accumulation. Treatment with Avastin 
suppressed retinal leakage and vessel dilation by Day 3. Pathology 
returned within 5 weeks post Avastin treatment in some animals and 
by Week 9 all animals had returned to pre-Avastin pathology.
Conclusions: DL-AAA induced NV, retinal vascular leakage, and 
vessel dilation in all eyes of DB rabbits. The pathology required 
10-14 weeks to fully develop after DL-AAA administration and 
remained stable without additional induction article required. 
Treatment with the anti-VEGF Avastin, suppressed vascular leakage 
for a period of time which returned as the drug was reduced to non-
therapeutics levels (4-8 weeks). After wash out, the retina returned to 
baseline leakage. A single intravitreal injection of DL-AAA results 
in an unique model of chronic retinal vascular leakage similar to wet 
AMD which can be suppressed by anti-VEGF therapies and may 
be used to evaluate other therapeutic targets and sustained release 
devices.
Commercial Relationships: Jeffrey A. Jamison
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Effects of apolipoprotein A-I mimetic peptide 4F on human RPE 
cells
Max Brinkmann, Eva Dietrich, Franziska Köhler, Salvatore Grisanti, 
Martin Rudolf, Mahdy Ranjbar. Augenklinik, Augenklinik Uni 
Lübeck, Lübeck, Germany.
Purpose: Oxidized (ox) low-density lipoprotein (LDL) may 
contribute to the pathogenesis of age related macular degeneration 
(AMD). It has been shown that oxLDL decreases cell viability 
of the retinal pigment epithelium (RPE) and induces the release 
of proinflammatory and proangiogenic factors from the RPE. 
The apolipoprotein A-I mimetic peptide L-4F has been shown to 
be effective in remodeling Bruch’s membrane. In this study, we 
investigated the effects of L-4F on RPE cells and evaluated whether it 
can be used to protect them from oxidative harm.
Methods: Human RPE cells (ARPE-19) were cultured for 48h and 
then treated with L-4F (100μg/ml) for 24h in absence or presence of 
oxLDL (50μg/ml, 100μg/ml). The culture medium was then replaced 
by fresh one (without L-4F or oxLDL) and after another 24 hours 
of incubation the cells were fixed and stained. The supernatant was 
collected separately. Immunofluorescence staining was performed 
against oxLDL, TNF-α and VEGF-A. The supernatant was analyzed 
by ELISA for various angiogenic factors. Finally we performed a cell 
migration assay to further evaluate the influence of oxLDL and L-4F.
Results: While low concentrations of oxLDL significantly increased 
the expression/release of proangiogenic/proinflammatory factors from 
RPE cells and improved migratory response, higher concentrations 

of oxLDL led to decreased cell viability. This effect could be 
significantly reduced by L-4F.
Conclusions: The apolipoprotein A-I mimetic peptide L-4F seems 
to be a potential drug candidate to treat the underlying mechanisms 
of age-related macular degeneration. Further studies are needed to 
reproduce a biologically relevant protective effect in vivo.
Commercial Relationships: Max Brinkmann, None; Eva Dietrich, 
None; Franziska Köhler, None; Salvatore Grisanti, None; 
Martin Rudolf, None; Mahdy Ranjbar, None
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Activation of Nrf2 signaling in retinal pigment epithelium cells by 
small molecule-regulatable approaches
Khiem Vu, John Hulleman. Ophthalmology, University of Texas 
Southwestern Medical Center, Dallas, TX.
Purpose: Nuclear factor-erythroid 2-related factor 2 (Nrf2) is 
a transcription factor that upregulates several antioxidant and 
cytoprotective proteins. Thus, genetic or pharmacologic approaches 
designed to stimulate Nrf2 activity hold promise to treat eye diseases 
in which oxidative stress may play an important role, such as age-
related macular degeneration. However, these approaches come 
with their own challenges, such as unknown or pleiotropic effects of 
constitutive expression or systemic Nrf2-activation. We hypothesized 
that using a genetically-encoded small molecule-regulated strategy 
could circumvent these potential limitations, and impart conditional 
and repeated protection of retinal pigment epithelium (RPE) cells.
Methods: To test this hypothesis we generated stable populations 
of ARPE-19 cells expressing doxycycline (dox)-inducible Nrf2 
or empty vector and compared them to ARPE-19 cells that 
constitutively express full length Nrf2 mediated by adenovirus (short 
term expression) or lentivirus (long term expression). Expression of 
inducible Nrf2 was achieved with low levels of dox and Nrf2 levels 
were measured by qPCR and western blotting at different time points. 
Cells were then exposed to 0-400 μg/mL cigarette smoke extract 
(CSE) for 1 h and flow cytometry-based probes were used to measure 
reactive oxygen species (ROS, by DCF-DA) and nitric oxide (NO, 
by DAF-FM). Lipid peroxidation was measured by Image-iT after 
exposure to 0-400 μM cumene hydroperoxide (1 h).
Results: Short term adenovirus-mediated expression of Nrf2 reduced 
ROS by ≈35%. Surprisingly, long term lentiviral Nrf2 expression 
offered only minimal protection (<10%) against CSE-induced ROS 
accumulation. Dox-induced Nrf2 expression (96 h) offered the 
greatest amount of protection against basal and CSE-induced ROS 
and NO accumulation (>50%, p<0.01). Inducible Nrf2 also similarly 
reduced lipid peroxidation by 20-30%.
Conclusions: To the best of our knowledge, this is the first 
demonstration that ARPE-19 cells stably encoding a regulatable 
Nrf2 transgene are protected from acute oxidative insults in a small 
molecule-dependent manner. Furthermore, our results suggest that a 
regulatable Nrf2 strategy provides the best level of protection against 
oxidative stress in the RPE. Ultimately, our results suggest that 
small molecule-inducible Nrf2 is a promising potential approach for 
treating oxidative stress-related ocular diseases.
Commercial Relationships: Khiem Vu, None; John Hulleman, 
None
Support: Research to Prevent Blindness Medical Student Fellowship, 
Research to Prevent Blindness Career Development Award


