
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.

137 Biochemistry and molecular biology of the retina
Sunday, May 07, 2017 1:30 PM–3:15 PM
Exhibit/Poster Hall  Poster Session
Program #/Board # Range: 586–636/B0154–B0204
Organizing Section: Biochemistry/Molecular Biology

Program Number: 586 Poster Board Number: B0154
Presentation Time: 1:30 PM–3:15 PM
Dysregulation of degradation pathways in the retinal pigment 
epithelium of a Stargardt-like maculopathy mouse model
Camille Dejos, Heather Capel, Sharee Kuny, Yves Sauve. 
Ophthalmology, University of Alberta, Edmonton, AB, Canada.
Purpose: Mechanisms triggering photoreceptor degeneration in 
Stargardt-like juvenile maculopathy (STGD3) still elude us. Studies 
in this model demonstrate defects in outer segment degradation 
by the underlying retinal pigment epithelial cells (RPE), prior to 
photoreceptor death. Following phagocytosis, phagosomes retain an 
apical localization and still contain undigested materials. RPE cells 
demonstrate vacuolization adjacent to their junction membranes. 
We investigated whether regulation of autophagy and expression of 
CLEAR genes by the transcription factor TFEB might be impaired in 
STGD3.
Methods: STGD3 mice (TG1-2), expressing the human mutated 
ELOVL4 protein in photoreceptor cells, and wild type littermates 
were culled at 3 months of age, before or 2 hours after light 
onset. Following enucleation, one eye was used to perform TFEB 
immunofluorescence on a RPE flatmount. Total RNA was extracted 
from the other eyecup (after removal of the retina) to study 
expression of CLEAR genes using quantitative RT-PCR.
Results: In WT RPE flatmounts, before light onset, TFEB labeling 
was punctate and distributed evenly outside of the nuclei, reflecting 
a lysosomal association. Two hours after light exposure (at the peak 
of outer segment phagocytosis), TFEB labelling was preferentially 
associated with the nucleus, denoting activation of this transcription 
factor. In TG, TFEB labeling also followed a lysosomal distribution, 
but in addition, a nuclear distribution was evident in a subset of 
RPE cells, prior to light onset. TFEB distribution within RPE 
cells remained unchanged two hours after light exposure in TG. In 
addition, punctate TFEB labeling delineated the hexagonal mosaic 
formed by the RPE monolayer.
Conclusions: Our findings support that photoreceptor loss in 
STGD3 involves dysregulation of outer segment phagocytosis by the 
underlying RPE cells, with defects in autophagy and CLEAR gene 
activation by the transcription factor TFEB.
Commercial Relationships: Camille Dejos; Heather Capel, None; 
Sharee Kuny, None; Yves Sauve, None
Support: COLLABORATIVE RESEARCH AND INNOVATION 
OPPORTUNITIES (CRIO grant, Province of Alberta)

Program Number: 587 Poster Board Number: B0155
Presentation Time: 1:30 PM–3:15 PM
Retinal proteome changes following experimental branch retinal 
vein occlusion and intervention with intravitreal dexamethasone 
implants
Lasse J. Cehofski1, 2, Alexander Nørgård Alsing2, 1, Anders Kruse1, 
Sigridur Olga Magnusdottir4, Bent Honoré3, Henrik Vorum2, 1. 
1Department of Ophthalmology, Aalborg University Hospital, 
Aalborg, Denmark; 2Department of Clinical Medicine, Aalborg 
University, Aalborg, Denmark; 3Department of Biomedicine, Aarhus 
University, Aarhus, Denmark; 4Biomedical Research Laboratory, 
Aalborg University Hospital, Aalborg, Denmark.
Purpose: Retinal proteome changes following treatment with 
intravitreal dexamethasone implants remain largely unstudied. In 

an experimental model of branch retinal vein occlusion (BRVO) we 
studied large-scale retinal protein changes resulting from treatment 
with Ozurdex implants.
Methods: In five Danish Landrace pigs experimental BRVO was 
induced in both eyes by applying argon laser onto a vein in the 
inferior retina (permission 2016-15-0201-00971). Within 30 minutes 
after BRVO had been induced, a dexamethasone implant (Ozurdex, 
purchased from Allergan) was injected into the right eye of each 
animal. A similar injection without any implant was made in the left 
eyes that served as controls. BRVO was confirmed by fluorescein 
angiography. Fifteen days after BRVO the eyes were enucleated 
and the retinas were excised for proteomic analysis. The proteins 
were digested with trypsin and fractionated using a pH fractionation 
kit. The peptides were labeled with a tandem mass tag TMT10plex 
kit and analyzed with liquid chromatography mass spectrometry. 
Raw data files were searched against the SwissProt database using 
MaxQuant software. Protein filtration and statistical analysis by 
paired t-test were performed in Perseus. GeneCodis3 was used for 
bioinformatic analysis.
Results: After filtering, 3718 proteins were identified in the retinas. 
In retinas treated with intravitreal dexamethasone implants 40 
proteins were significantly upregulated (p < 0.05) and 54 proteins 
were significantly downregulated (p < 0.05). Ozurdex increased 
the content of proteins involved in mRNA processing, RNA 
splicing and ATP binding. Mitochondrial proteins were upregulated 
following Ozurdex intervention. Ozurdex treatment resulted in a 
downregulation of proteins that were components of the cytosol, 
plasma membrane and the nucleus. Downregulated biological 
processes included growth factor binding, integrin binding and 
endothelial development. Downregulated KEGG pathways included 
cytokine-cytokine receptor interaction and cell adhesion.
Conclusions: The data obtained provided new insights into large-
scale protein changes resulting from Ozurdex treatment in an 
experimental model of BRVO. The data indicated that Ozurdex exerts 
its beneficial effect on the retina by inhibiting growth factor binding, 
cytokine signaling, integrin signaling and cell adhesion.
Commercial Relationships: Lasse J. Cehofski, None; Alexander 
Nørgård Alsing, None; Anders Kruse, None; Sigridur 
Olga Magnusdottir, None; Bent Honoré, None; Henrik Vorum, 
None
Support: This study was supported by A. P. Møller og Hustru 
Chastine Mc-Kinney Møllers Fond til almene Formaal, Svend 
Andersen Foundation, Bagger-Sørensen Foundation, North Denmark 
Region, Hertha Christensen Foundation, Heinrich Kopps Foundation,
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Significance of VLC-PUFAs in Diabetic Retinas Shown in Mouse 
and Human Donor Eyes
Aruna Gorusupudi, Fu-Yen Chang, Santosh Kumar Muddana, 
Gregory S. Hageman, Paul S. Bernstein. Dept of Opthamology and 
Visual Sci, Moran Eye Center, Salt Lake City, UT.
Purpose: A new class of non-dietary very long chain-polyunsaturated 
fatty acids (VLC-PUFAs), has been identified in the vertebrate retina. 
Defects of VLC-PUFA synthesis secondary to ELOVL4 mutations 
are associated with dominant Stargardt disease (STGD3), and we 
have previously shown that AMD affected eyes have significant 
changes in VLC-PUFA levels and n-3/n-6 ratios which are indicative 
of chronic inflammation. Fatty acid metabolism is greatly affected 
in hyperglycemia and dyslipidemia, which are the causative factors 
for diabetic retinopathy. Earlier studies have shown a decrease in 
LC-PUFAs in diabetic retinas. We hypothesize that VLC-PUFA levels 
and n-3/n-6 VLC-PUFA ratios are also affected in diabetic retinas.
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Methods: In the present study, we analyzed fatty acids in human 
donor and mouse eyes. Human donor retinal punches and their 
respective sera were collected from the Utah Lions Eye Bank and 
used for fatty acid analysis. Heterozygous Ins2 (Akita) mice, which 
develop insulin dependent diabetes and control (WT) mice were used 
for this study. Mouse eyes were harvested, and retinas were separated 
from RPE and used for VLC-PUFA analysis. Using a standardized 
method, fatty acid methyl esters were extracted and then analyzed 
by GC-MS (electron ionization mode). Two methods (A and B) were 
adopted; method A was used to analyze the LC-PUFAs, while method 
B was used to analyze C24- C36 VLC-PUFAs.
Results: The VLC-PUFA levels (%) in diabetic human retinas (n=7) 
(0.75 ± 0.11) were significantly lower in comparison to age-matched 
control donor retinas (n=21) (1.09 ± 0.2). The n-3/n-6 VLC-PUFA 
ratios were also decreased in diabetic human donor retinas (1.57 ± 
0.1) in comparison to age-matched control donor retinas (1.77 ± 0.1). 
In the retinas of diabetic mice, the VLC-PUFA levels (0.786 ± 0.18) 
were reduced in comparison to WT mice (2.27 ± 0.05), and retinal 
n-3/n-6 VLC-PUFA ratios were reduced in diabetic mice (3.87 ± 0.5) 
relative to WT mice (8.99 ± 0.35).
Conclusions: The present study shows that diabetes leads to 
decreased serum n-3/n-6 LC-PUFA ratios, retinal n-3/n-6 VLC-
PUFA ratios, and retinal VLC-PUFA levels, which in turn could 
promote retinopathy. Diet is known to play an important role in 
altering the levels and ratios of n-3/n-6 LC-PUFAs in serum which 
in turn influence the n3/n6 VLC-PUFA ratios and levels in retina 
with possible beneficial effects on macular physiology and protection 
against degeneration.
Commercial Relationships: Aruna Gorusupudi, None; 
Fu-Yen Chang, None; Santosh Kumar Muddana, None; 
Gregory S. Hageman, None; Paul S. Bernstein, None
Support: NIH grants EY14800; Research to Prevent Blindness; 
Sharon Eccles Steele Center for Translational Medicine
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Tbx5 is a novel transcriptional regulator of the EphA5 promoter
Deborah C. Otteson, Steve Huynh, JianBo Wang. Optometry, 
University of Houston, Houston, TX.
Purpose: Forward and reverse signaling through ephrin ligands and 
their receptors (EPH) regulates formation of topographical maps in 
the visual system. EphA5 is expressed in a temporal high/nasal low 
gradient across the developing and mature retina. To identify novel 
regulators of the EphA5 promoter, whole transcriptome sequencing 
was used to analyze differential gene expression in the temporal and 
nasal retinal ganglion cell layer (GCL).
Methods: Temporal and nasal thirds of the GCL from postnatal day 2 
(P2) C57Bl/6J mice were isolated using laser capture microdissection 
for RNA sequencing (Illumina). RT-qPCR of independent RNA 
samples isolated from temporal (n=3) and nasal (n=3) retinal thirds 
used hydrolysis probes (TaqMan) and Relative Expression Software 
Tool analysis. Tbx5 (T-box5) subcloned into pcDNA3.1 or empty 
pcDNA3.1 plasmids were co-transfected with mEphA5-pGL2 
luciferase promoter constructs into 293FT cells. Relative luciferase, 
normalized to co-transfected pCMV-βgal, was compared by ANOVA 
and post-hoc T-tests. Developmental expression of TBX5 in mouse 
retinas used immuno-fluorescence labeling and confocal microscopy. 
Chromatin immunoprecipitation (ChIP) used sheared chromatin from 
P7 retinas and antibodies against TBX5 or IgG followed by qPCR 
analysis.
Results: At P2, 40 genes showed a 2-fold or greater difference in 
expression between temporal and nasal GCL by RNA-seq, with Tbx5 
increased 5.3-fold in the temporal GCL (p=0.017 vs. nasal).  

By RT-qPCR, Tbx5 expression was 15.6-fold higher in temporal 
vs. nasal retinal RNA at P2 (p=0.001). The mouse EphA5 proximal 
promoter region contained four putative TBX binding sites (T-box), 
located between -1080 and -146. Overexpression of Tbx5 increased 
activity of EphA5 promoter constructs (ANOVA, p<0.001), with 
effect sizes ranging from 7.4-fold (p=0.04; 1 TBX site), to 18.3-fold 
(p=0.02; 4 TBX sites). TBX5 occupancy of the proximal EphA5 
promoter in vivo was confirmed by ChIP, with a 330-fold enrichment 
(TBX5 vs. IgG) by qPCR. A distal T-box site, located at -2910 from 
the EphA5 transcription start site, was not amplified from TBX5 
ChIP’ed chromatin. By immunofluorescence, TBX5 was detected in 
retinal ganglion cells at embryonic day14.5.
Conclusions: During early retinal development, Tbx5 is known to 
play a role in dorsal/ventral patterning. Our data point to a novel role 
for Tbx5 in regulating nasal/temporal gene expression of EphA5 in 
later stages of retinal development.
Commercial Relationships: Deborah C. Otteson, None; 
Steve Huynh, None; JianBo Wang, None
Support: NIH grants EY021792, EY007551
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D477G dominant mutation in RPE65 leads to decreased 11-cis-
retinal generation and delayed dark-adaptation in knock-in 
mouse model of retinitis pigmentosa
Gennadiy P. Moiseyev, Younghwa Shin, Dibyendu Charkraborty, 
Jian-Xing (Jay) Ma. Physiology, Univ of Oklahoma Hlth Sci Ctr, 
Oklahoma City, OK.
Purpose: RPE65, retinoid isomerase, is a key enzyme of the visual 
cycle in vertebrates. Most of the RPE65 mutations are recessive 
and leads to retinal dystrophies and blindness. Recently, a first 
dominant mutation D477G of RPE65 was identified to cause retinitis 
pigmentosa in patients; however, its pathogenic mechanism is 
unknown. To provide insight in the mechanism, we developed a 
knock-in (KI) mouse model for this mutation. The aim of this work 
was to investigate the impacts of D477G knock-in on the retinoid 
visual cycle and retinal structure and function.
Methods: Retinal morphology of the KI and wild-type (WT) control 
animals were evaluated by histology examination. Visual function 
was examined by electroretinography (ERG) at various ages (3-5 
months). Expression levels of RPE65 in KI and WT mice were 
determined by western blotting. Retinoid profile recovery after 
bleaching was measured by HPLC. All-trans-[3H]-retinol was used 
as a substrate to measure the activity of RPE65 isomerase in mouse 
eyecups. The generated retinoids were extracted and analyzed by 
HPLC with a Radiomatic flow scintillation analyzer.
Results: No change in retinal morphology and opsin expression were 
observed in KI. Levels of RPE65 protein were lower in the eyecups 
of heterozygous KI (~65% of WT) and even lower in homozygous 
KI (~20% of WT), compared to that in WT. However, their scotopic 
and photopic ERG responses were comparable to that of wild-type 
mice. Levels of 11-cis-retinal in the fully dark-adapted heterozygous 
KI were similar to that in WT. After photobleaching, heterozygous 
KI generated lower levels of 11-cis-retinal than heterozygous KO 
at 15 and 30 minutes in the dark, suggesting that the presence of 
D477G impairs regeneration of 11-cis-retinal. Consistently, levels 
of all-trans-retinyl ester, the substrate of RPE65, were significantly 
higher in heterozygous KI, compared to WT and heterozygous KO. 
Furthermore, the heterozygous KI demonstrated slower ERG A-wave 
recovery following photobleaching compared to WT, suggesting a 
delayed dark-adaptation.
Conclusions: D477G functions as a dominant-negative mutant of 
RPE65 and decreases the regeneration of the chromophore. The 
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knock-in mice provide a valuable model for understanding of the 
mechanism of pathogenesis of this mutant of RPE65 and for the 
development of therapy.
Commercial Relationships: Gennadiy P. Moiseyev, None; 
Younghwa Shin, None; Dibyendu Charkraborty, None; Jian-Xing 
(Jay) Ma, None
Support: National Institute of Health grants EY018659, EY012231, 
EY019309 and P20GM104934, a JDRF grant 2-SRA-2014-147-Q-R 
and an OCAST grant HR13-076.
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Functional Analysis of MIF in Human retinal pigment epithelium 
by Oxidative stress
Ji-Ae Ko, Yasuyuki Sotani, Yoshiaki Kiuchi. Department of 
Ophthalmology, Hiroshima Univ Grad Sch of Biomed Sci, 
Hiroshima, Japan.
Purpose: Epithelial-mesenchymal transition (EMT) mediated by 
retinal pigment epithelial (RPE) cells contributes to the pathogenesis 
of proliferative vitreoretinopathy (PVR). We have now examined the 
effects of oxidant stress on the EMT process in RPE cells.
Methods: A concentration of 5×105 Human retinal pigment 
epithelium (ARPE-19) cells were cultured and serum starved for 24 
hours. And, the cells were treated with 500μM hydrogen peroxide 
(H2O2) for indicated times. The expression of cytokines, several 
EMT-related factors and markers of epithelial cells were examined 
by Cytokine Array, RT-PCR, immunoblot, and immunofluorescence 
analyses.
Results: Cytokine Array analysis revealed that the abundance of 
Macrophage migration inhibitory factor (MIF) was increased after 
H2O2 treatment. RT-PCR and Immunoblot analysis also showed that 
the marker of EMT (a-SMA, vimentin) in ARPE-19 were increased 
after H2O2 treatment. Furthermore, The decreases in the amounts 
of junctional proteins (ZO-1, E-cadherin) in ARPE-19 by oxidative 
stress.
Conclusions: These results suggest that MIF may play an important 
role in EMT process by oxidative stressed RPE cells. And, the 
regulation of MIF is effect to junctional proteins in RPE cells. In 
brief, it is possible that MIF is important key factor in early steps of 
PVR.
Commercial Relationships: Ji-Ae Ko, None; Yasuyuki Sotani, 
None; Yoshiaki Kiuchi, None
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Interferon-γ increases expression of the long non-Coding RNA 
BANCR in retinal pigment epithelial cells by activating JAK/
STAT signaling pathway
R K. Kutty1, William Samuel1, Cynthia Jaworski1, Olga Postnikova1, 
Todd Duncan1, Chandrasekharam N. Nagineni2, T. 
Michael Redmond1. 1Laboratory of Retinal Cell and Molecular 
Biology, National Eye Institute, National Institutes of Health, 
Bethesda, MD; 2Radiation Biology Branch, National Cancer Institute, 
National Institutes of Health, Bethesda, MD.
Purpose: Long non-coding RNAs (lncRNAs), non-protein coding 
transcripts with a minimum length of 200 nucleotides, are known to 
regulate many pathophysiological processes. We have reported earlier 
that the decrease in retinal pigment epithelial (RPE) characteristics 
and the increase in epithelial-mesenchymal transition (EMT)-
like changes in ARPE-19 cells in response to treatment with a 
proinflammatory cytokine mixture (IFN-γ + TNF-α + IL-1β) were 
accompanied by highly increased expression of the lncRNA BANCR. 
The purpose of the present study was to investigate the mechanism 

by which these proinflammatory cytokines regulate the expression of 
BANCR in RPE cells.
Methods: ARPE-19 cells, cultured until they expressed visual cycle 
genes and exhibited epithelial morphology, were treated with IFN-γ, 
TNF-α and/or IL-1β in the presence of serum. Additionally, the 
cells were also treated with IFN-γ in the presence of JAK Inhibitor 
I. The expression of BANCR and other transcripts was analyzed by 
real-time PCR. Activation of STAT1 was detected by Western blot 
analysis using anti-phospho-STAT1 antibody.
Results: Differentiated ARPE-19 cells responded to a combination 
of IFN-γ, TNF-α and IL-1β by increasing the expression of BANCR 
while simultaneously decreasing the expression of RPE-characteristic 
genes. IFN-γ by itself increased the expression of BANCR while the 
other two cytokines did not show any noticeable effect. The increase 
in BANCR expression by IFN-γ was associated with the activation 
of STAT1, as indicated by the generation of phospho-STAT1. JAK 
Inhibitor I, a known blocker of the JAK/STAT signaling pathway, 
effectively suppressed both the induction of BANCR and STAT1 
activation.
Conclusions: Loss of RPE characteristics in ARPE-19 cells exposed 
to proinflammatory cytokines is associated with an increase in the 
expression of lncRNA BANCR, a known regulator of EMT. The 
BANCR expression appears to be regulated by the IFN-γ via JAK/
STAT1 signaling pathway. Thus, BANCR could potentially act as 
a link between RPE dysfunction and inflammatory response and, 
therefore, may play a role in the pathology of age-related macular 
degeneration (AMD).
Commercial Relationships: R K. Kutty; William Samuel, 
None; Cynthia Jaworski, None; Olga Postnikova, None; 
Todd Duncan, None; Chandrasekharam N. Nagineni, None; T. 
Michael Redmond, None
Support: Intramural Research Program of the NEI, NIH
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Loss of mitochondrial pyruvate carrier 1 in rod photoreceptors 
impairs mitochondrial intermediary metabolism
Jianhai Du1, 2, Jonathan Linton3, James Hurley3, 4. 1Ophthalmology, 
West Virginia University, Morgantown, WV; 2Biochemistry, West 
Virginia University, Morgantown, WV; 3Biochemistry, University 
of Washington, Seattle, WA; 4Ophthalmology, University of 
Washington, Seattle, WA.
Purpose: Photoreceptors are active in both aerobic glycolysis and 
mitochondrial oxidative metabolism. Mitochondrial pyruvate carrier 
(MPC) transports pyruvate produced by glycolysis into mitochondria. 
We have generated mice with rod photoreceptor-specific deletion 
of MPC1 and have used 13C tracers to study the role of MPC in 
regulating retinal mitochondrial metabolism.
Methods: MPC1 flox/flox mice were crossed with rod photoreceptor 
cre mice (Rhodopsin-iCre) to generate mice with rod specific deletion 
of MPC1 (RS MPC-/-). Mouse retinas were incubated with 13C 
glucose and labeled metabolites were measured by GC-MS.
Results: Pyruvate accumulates about 3.5 fold higher than normal in 
RS MPC -/- retinas than the control littermates but the level of lactate 
remains unchanged. Pyruvate can be transaminated into alanine. We 
found that labeled alanine in RS MPC -/- is 1.5 fold higher than in 
controls. Remarkably, mitochondrial a-ketoglutarate and glutamate 
decrease. M5 glutamate is 30% and labeled glutamine is 40% of 
their levels in control retinas. M3 malate and aspartate accumulate to 
higher than normal levels in RS MPC -/-. M3 citrate increases while 
flux into M4 and M6 citrate decreases.
Conclusions: Loss of mitochondrial pyruvate carrier 1 in rod 
photoreceptors disrupts mitochondrial intermediary metabolism. 
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Aspartate and malate accumulate at the expense of glutamate and 
glutamine.
Commercial Relationships: Jianhai Du, None; Jonathan Linton, 
None; James Hurley, None
Support: NIH EY017863
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mTOR and Rho family of GTPases regulate epithelial phenotype 
in injured retinal pigment epithelium
Justin R. Chang1, Karla Y. Barbosa1, Madhu Lal2, Marc Ferrer2, 
Kapil Bharti1. 1National Eye Institute, Bethesda, MD; 2National 
Center for Advancing Translational Sciences, Rockville, MD.
Purpose: Maintaining healthy epithelial phenotype of retinal pigment 
epithelium (RPE) is important in alleviating poor prognosis of RPE-
related diseases including proliferative vitreoretinopathy (PVR) and 
age-related degeneration (AMD). The goal of this study is to validate 
potential therapeutic targets which were previously identified by 
high-throughput screening (HTS) assays.
Methods: Using a human reporter induced pluripotent stem (iPS) 
cell line that expresses GFP when cells are differentiated into RPE, 
we developed a robust in vitro RPE injury model. In this model, 
GFP expression declines as trypsinized RPE cells lose epithelial 
phenotype, while GFP expression increases in confluent, mature RPE 
cells. With GFP as readout, we performed HTS using miRNA mimics 
and siRNA libraries, in combination with bioinformatics analyses, to 
discover genes that affect the ability of injured RPE cells to re-attain 
the epithelial phenotype. Immunofluorescence was used to discern 
the activity of candidate pathways in the atrophied RPE. Epithelial-
to-mesenchymal transition (EMT) gene expression array was utilized 
to investigate the effect of small molecule modulators on RPE 
undergoing wound healing following mechanical injury to cells.
Results: HTS assays and bioinformatics analyses indicated that 
mTOR and the Rho family of GTPases, i.e. RhoA, Cdc42, Rac1, 
are involved in regulating the epithelial phenotype in injured RPE. 
siRNA screening and small molecule modulators targeting mTOR 
complexes and the GTPases suggested that mTOR activity is required 
for epithelial phenotype maintenance, while Rho GTPases suppress 
epithelial character of RPE cells. Immunofluorescence demonstrated 
that Rho GTPases are active after RPE injury. RT-qPCR of injured 
RPE treated by Rho GTPase modulators showed that these small 
molecules regulate genes involved in EMT and RPE epithelial fate.
Conclusions: Small molecules or biologics that target the expression 
of mTOR and Rho-family of GTPases are promising therapeutic 
agents for RPE-related diseases, such as PVR and AMD.
Commercial Relationships: Justin R. Chang, None; 
Karla Y. Barbosa, None; Madhu Lal, None; Marc Ferrer, None; 
Kapil Bharti, None
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Regression of hypoxia-induced vessels in zebrafish retina after 
return to normoxia environment
Mira Schaupper1, Anthony Mukwaya1, Anton Lennikov1, Zaheer Ali2, 
Lasse Jensen2, Neil S. Lagali1. 1Department of Ophthalmology, 
Institute for Clinical and Experimental Medicine, Linköping, 
Sweden; 2Department of Medical and Health Sciences, Division of 
Cardiovascular Medicine, Linköping, Sweden.
Purpose: Retinal neovascularisation due to pathological angiogenesis 
and metabolic alteration leads to vision impairment. Here, we 
investigate the feasibility to study pathological neovascularisation 
during hypoxia and induced vascular regression after a return to 
normoxia, in an adult zebrafish model.

Methods: Hypoxia-induced retinal neovascularisation was induced 
in in 6 months old Tg(fli1:EGFP)y1 zebrafish by placement of 
animals into low oxygen water (10% air-saturation) for up to 9 days. 
Subsequently animals were returned to normoxic environment (100% 
air-saturation). Morphological changes in retinal vasculature were 
investigated at day 3, 6 and 9 of hypoxia and 6 h, 12h, 24h, 48h, 72h 
and 96h after return to normoxia, including quantitative analysis of 
capillary density, vessel diameter, sprouts/anastomoses, branching 
points and tortuosity. Gene expression profiles for zVEGF-Aa and 
DLL4 (n=4) were evaluated and ZO-1 staining was performed at the 
same time points.
Results: Animals displayed after significant (p<0.05) decrease in the 
amount of new sprouts in the retinal vasculature following return to 
normoxia (time-point: 6h), compared to day 9 hypoxia-treated group. 
Sprouts continued to regress over time, coupled to regained integrity 
of endothelial cell intercellular junctions indicated by ZO-1 staining. 
We found that retinal vessels regress by a unique mechanism; by 
first pinching off the main capillary at the site of contact, followed 
by impaired flow leading to vessel collapse and regression. Among 
genes analyzed by qPCR; zVEGF-Aa and DLL4 were found to be 
significantly decreased (p>0.001) at 24h and 96h following return to 
normoxia compared with the continued hypoxia-treatment group.
Conclusions: Return to normoxia initiated phenotypic regression, 
return of tight junctions, downregulation of sprouting and 
upregulation of remodeling. Our results demonstrate the involvement 
of previously uncharacterized mode of vascular regression in adult 
zebrafish retina, suggesting that this process, important for treatment 
of diabetic retinopathy and retinopathy of pre-maturity, could be 
different from previously described vascular regression mechanisms 
in other ocular and peripheral tissues. Therefore, adult zebrafish 
retina provides a viable model for studying hypoxia-associated 
capillary regression and warrants further investigation.
Commercial Relationships: Mira Schaupper, None; 
Anthony Mukwaya, None; Anton Lennikov, None; Zaheer Ali, 
None; Lasse Jensen, None; Neil S. Lagali, None
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CERKL isoforms are differentially expressed in retinal cells
Roser Gonzalez-Duarte1, 2, Rosa Andrés1, 2, Elena B. Domenech1, 2, 
Alejandro Garanto3, Mariona Esquerdo1, 2, Florentina Sava1, 
Muna I. Naash4, Gemma Marfany1, 2. 1Dept. de Genetica, 
Microbiologia i Estadistica, Universitat de Barcelona, IBUB, 
Barcelona, Spain; 2CIBERER, ISCIII, Barcelona, Spain; 3Dept. 
Human Genetics, Radboud University Medical Center, Nijmegen, 
Netherlands; 4Dept. of Biomedical Engineering, University of 
Houston, Houston, TX.
Purpose: CERKL mutations cause retinitis pigmentosa and cone-
rod dystrophy in human. The CERKL gene is a paradigm for high 
transcriptional complexity, with many isoforms produced by 
alternative splicing and the use of alternative promoters. Besides, 
the protein comprises among other several domains, lipid kinase, 
nuclear localization and nuclear export signals. Although the precise 
physiological function is still unknown, CERKL overexpression 
protects cells from apoptosis triggered by oxidative stress.
Methods: We have performed immunochemistry detection studies 
on retinal sections of wild-type, Cerkl knockdown and Nrl knockout 
mice, as well as in primary retinal cell cultures (retinal ganglion cells, 
rods and cones) in normal and under oxidative stress conditions, 
using a panel of several in-house made antibodies against different 
CERKL domains. Differential CERKL mRNA and protein isoform 
expression in rods and cones have been assessed by immunodetection 
and RT-PCR on enriched population of specific cell-types.
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Results: In vitro studies showed that CERKL binds mRNA and 
contributes to stress granule complexes. These in vitro results have 
been further confirmed in isolated retinal neurons (retinal ganglion 
cells and photoreceptors), where CERKL co-localizes with RNA 
and RNA-binding proteins and is a component of the stress granules 
produced under oxidative-stress conditions. Moreover, differential 
localization of CERKL isoforms in rods and cones has been 
shown using a panel of in-house antibodies and analysis of mRNA 
expression by RT-PCR.
Conclusions: This differential isoform specifity is highly suggestive 
of specific functional roles for CERKL in different photoreceptor cell 
types. Future work will address the impact of CERKL mutations in 
rods and cones related to human visual pathophysiology.
Commercial Relationships: Roser Gonzalez-Duarte; Rosa Andrés, 
None; Elena B. Domenech, None; Alejandro Garanto, None; 
Mariona Esquerdo, None; Florentina Sava, None; Muna I. Naash, 
None; Gemma Marfany, None
Support: SAF2013-49069-C2-1-R, SAF2016-80937-R, SGR2014-
0932, La Marató TV3 (201417.30)
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Inhibition of the Nxnl1 gene’s splicing result in its gain of 
function by production RdCVF or precede that event, a case of 
molecular exaptation?
Najate M. Maamri1, Frédéric Blond1, François Delalande2, 
Alain VAN DORSSELAER2, Thierry D. Leveillard1. 1Genetic, Institut 
de la Vision, Paris, France; 2Laboratoire de Spectrométrie de Masse 
Bio-Organique, Strasbourg, France.
Purpose: The first ancestors of photoreceptors were cones. 
Agnathans such as lampreys are among the oldest living chordate 
relatives of the vertebrates and are the first animals to possess 
photoreceptors resembling rods. Hydra (Hydra vulgaris) belongs to 
the cnidarians family with feature of not having a visual eye, while 
being sensitive to light. The bifunctional gene NXNL1 encodes 
two proteins by alternative splicing, a trophic factor RdCVF that 
is secreted by rods and protects cones and the enzyme RdCVFL 
that protects photoreceptors against oxidative stress. Cones express 
only RdCVFL and not RdCVF. The alternative spliced product with 
intron retention occurs only in the rods. Our goal is to understand if 
this alternative splicing occurred in the ancestral gene or appeared 
with rods during evolution. On the other hand, the RdCVF receptor 
basigin1 (BSG1) is an alternative splicing product of the Bsg gene 
specific to photoreceptors with a third additional extracellular 
domain, necessary for RdCVF binding. What splicing event came 
first is a key to understand the emergence of RdCVF metabolic 
signaling.
Methods: mRNA is extracted and quality controlled by lamprey 
retina and hydra tissues. An RT-PCR was performed by using 
specifics primers and an in situ hybridization (ISH) to discriminate 
the expression of the long and the short form of the Nxnl gene. The 
proteins were identified by mass spectrometry (MS/MS).
Results: The short and the long form of Nxnl1 gene in the lamprey 
retina were detected by RT-PCR. In hydra, the Nxnl ancestor gene 
expression profile by ISH matches that of a thioredoxin but a short 
isoform with intron 4 retention was detected. Hydra genome does not 
contain a basigin gene with the third extracellular domain as lamprey 
does as shown by RT-PCR and proteomics.
Conclusions: 
We demonstrated that inhibition of splicing of the ancestral 
gene Nxnl1 occurs before the emergence of the agnathans. The 
investigation of Nxnl in hydra shows that the intron retention occurs 

prior to the emergence of RdCVF metabolic signaling, a possible case 
of exaptation.
Commercial Relationships: Najate M. Maamri, None; 
Frédéric Blond, None; François Delalande, None; Alain VAN 
DORSSELAER, None; Thierry D. Leveillard, None
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MCP-1 disrupts morphologic and functional barrier properties of 
polarized retinal pigment epithelium
Hidetaka Noma1, 2, Kevin McDonald2, Masahiko Shimura1, 
Shigeo Tamiya2. 1Department of Ophthalmology, Tokyo Medical 
University Hachioji Medical Center, Tokyo, Japan; 2Department 
of Ophthalmology and Visual Sciences, University of Louisville, 
Louisville, KY.
Purpose: Retinal pigment epithelial (RPE) cells form the blood-
ocular barrier, and their polarized property is crucial for maintaining 
the barrier function. Loss of RPE barrier function is associated 
with variety of ocular disorders. The expression of monocyte 
chemoattractant protein (MCP)-1, an inflammatory cytokine, is 
increased in several diseases in which RPE barrier function is likely 
disrupted. We hypothesized that MCP-1 is involved in this process, 
and the purpose of this study was to investigate the effects of MCP-1 
on the barrier function of polarized RPE cells.
Methods: Isolated porcine RPE cells were seeded on Transwell™ 
membranes. Transepithelial electrical resistance (TER) was measured 
using EVOM (WPI). Polarized RPE (TER >150 Ω cm2) cells were 
incubated with 10 ng/ml or 20 ng/ml of MCP-1 and the TER was 
measured. The sites of the tight junction-associated molecules ZO-1, 
claudin-19, and F-actin were determined immunohistochemically.
Results: MCP-1 significantly decreased the TER of polarized RPE 
cells in both 10 ng/ml and 20 ng/ml compared to controls at 24 hours. 
Immunohistochemical staining revealed that claudin-19 located 
between cells in control RPE cells was disassembled by MCP-1. 
Interestingly, in contrast, ZO-1 remained intact in the presence of 
MCP-1.
Conclusions: These findings suggest that MCP-1 can breakdown 
RPE barrier function in polarized RPEs by disassembling claudin-19. 
MCP-1, therefore, might play an important role in ocular disorders 
with disrupted barrier function.
Commercial Relationships: Hidetaka Noma; Kevin McDonald, 
None; Masahiko Shimura, None; Shigeo Tamiya, None
Support: Research to Prevent Blindness NY, NY; KY LIONS EYE 
FOUNDATION
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The deubiquitinating enzyme Ataxin-3 is relevant for retina 
formation and differentiation in mouse and zebrafish
Gemma Marfany1, 2, Vasileios Toulis1, 2, Maria do Carmo Costa3. 
1Dept. de Genetica, Microbiologia i Estadistica, Universitat de 
Barcelona, IBUB, Barcelona, Spain; 2CIBERER, ISCIII, Barcelona, 
Spain; 3Dept. of Neurology, Medical School, University of Michigan, 
Ann Arbor, MI.
Purpose: An expanded CAG repeat on the ATXN3 gene, encoding 
the deubiquitinating enzyme ATXN3, causes Spinocerebellar Ataxia 
Type 3 (SCA3), a late onset autosomal dominant neurodegenerative 
disorder. The physiological role of ATXN3, however, is not 
completely understood. Since deubiquitination seems to play a crucial 
role in photoreceptor development and differentiation, we aimed to 
explore the function of ATXN3 in retinal development combining 
mouse knockout and zebrafish knockdown animal models.



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.

Methods: Functional analysis in zebrafish embryos was approached 
by knocking-down Atxn3 expression to analyze the morphant 
phenotypes and attempt genetic rescue by injection of the human 
orthologous mRNA. Deletion of Atxn3 in knockout mouse retinas 
was confirmed both at RNA and protein levels. Retinal phenotype 
of P60 and 2-year old Atxn3 knockout mice was studied by 
immunofluorescence detection, transmission electron microscopy and 
photoreceptor isolation for a more detailed description.
Results: A comparative Atxn3 expression map in mouse and zebrafish 
retinas has been drawn, showing evolutionary conservation in mRNA 
localization. The zebrafish Atxn3 knockdown morphants showed 
severe ocular morphological alterations, with a defective formation 
of retinal structures. Evolutionary conservation was further supported 
by phenotypic rescue with human ATXN3 mRNAs. While cell loss 
was not observed in Atxn3 knockout mouse retinas, these showed a 
significant elongation of the photoreceptors (rods and cones), with 
a simultaneous mislocalization of cone specific phototransduction 
proteins.
Conclusions: These results support the involvement of ATXN3 in 
the formation and differentiation of the vertebrate retina, especially 
of photoreceptors, pointing this gene as a good candidate for causing 
inherited retinal dystrophies.
Commercial Relationships: Gemma Marfany, None; 
Vasileios Toulis, None; Maria do Carmo Costa, None
Support: SAF2013-49069-C2-1-R, SAF2016-80937-R, SGR2014-
0932, La Marató TV3 (201417.30)
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Retinoic acid signaling regulates tight junction protein expression 
in blood-retinal barrier maintenance
Lana M. Pollock1, Jing Xie1, Brent A. Bell1, Mariya Ali1, 
Alecia Cutler1, Bela Anand-Apte1, 2. 1Ophthalmic Research, Cleveland 
Clinic, Cleveland, OH; 2Cell Biology, Cleveland Clinic Lerner 
College of Medicine at CWRU, Cleveland, OH.
Purpose: The blood-retinal barrier (BRB) mediates movement of 
molecules from the blood to the inner retina, protecting the retinal 
neural tissue from potentially harmful molecules and maintaining 
retinal homeostasis. Tight junctions between retinal capillary 
endothelial cells in the inner BRB and between RPE cells in the outer 
BRB are essential to barrier function. Retinoic acid (RA) has been 
shown to regulate development of the blood brain barrier (BBB), but 
its role in the BRB has not yet been explored. The purpose of this 
study was to investigate the role of RA signaling in regulation of tight 
junctions in BRB maintenance.
Methods: To visualize the BRB in vivo, we utilized the transgenic 
Tg(l-fabp:DBP-EGFP) zebrafish model that expresses vitamin D 
binding protein (a member of the albumin gene family) tagged to 
GFP. This model displays the integrity of the BRB with GFP-tagged 
protein localized within the retinal vasculature by 3 days post-
fertilization. Breakdown of the BRB is visualized as “leaking” of 
GFP outside the vasculature. To disrupt RA signaling, transgenic 
embryos and adults were treated with varying concentrations of 
DEAB and BMS493, antagonists of retinal dehydrogenase and the 
RA receptor, respectively. Leakage from the retinal vasculature was 
visualized under a fluorescent microscope. Tight junction protein 
expression was assessed by immunolabeling of the hyaloid vessels 
and RPE in RA-inhibitor-treated fish.
Results: Treatment with DEAB or BMS493 resulted in a non-
functional disrupted BRB in up to 95% of embryos and adults, 
and expression of tight junction proteins ZO1 and claudin-5 was 
disrupted in the inner and outer BRB. Co-treatment with 0.05 μM 
all-trans retinoic acid effectively rescued BRB integrity. Degradation 

of RA is catalyzed by Cyp26 enzymes. To determine whether 
Cyp26 enzymes could also regulate BRB breakdown, we utilized a 
transgenic zebrafish, Tg(hsp:cyp26a1), which expresses Cyp26a1 
driven by a heat shock promoter. Tg(hsp:cyp26a1) fish were crossed 
with the Tg(l-fabp:DBP-EGFP) line and the resulting embryos were 
heat shocked to induce overexpression of Cyp26a1. The BRB was 
also disrupted in heat-shocked Tg(hsp:cyp26a1) fish.
Conclusions: Our results clearly demonstrate that RA signaling is 
essential for BRB tight junction maintenance and we hypothesize that 
this pathway may play a role in diseases with disruption of the BRB 
such as diabetic retinopathy.
Commercial Relationships: Lana M. Pollock; Jing Xie, None; 
Brent A. Bell, None; Mariya Ali, None; Alecia Cutler, None; 
Bela Anand-Apte, None
Support: This study was supported in part by the NIH-NEI P30 
Core Grant (IP30EY025585-01A1) and Unrestricted Grant from 
The Research to Prevent Blindness, Inc., awarded to the Cole Eye 
Institute, as well as a Foundation Fighting Blindness Center Grant 
(BA-A) and NIH grants 1RO1EY026181, and T32EY024236.
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Absent in Melanoma 2 (AIM2) Recognizes Cytosolic DNA and 
Mediates Inflammation in RPE Cells
Ahmad Al Moujahed1, 2, Bo Tian1, Joan W. Miller1, Haijiang Lin3, 
Demetrios G. Vavvas1. 1Retina, Massachusetts Eye and Ear Infirmary, 
Boston, MA; 2Pathology, Boston University School of Medicine, 
Boston, MA; 3Department of Ophthalmology & Visual Sciences, 
University of Massachusetts Medical School, Boston, MA.
Purpose: Chronic inflammation plays an important role in the 
pathogenesis of Age-related Macular Degeneration (AMD). We 
have recently reported that mitochondrial DNA (mtDNA) has pro-
inflammatory properties in Retinal Pigment Epithelium (RPE) cells, 
suggesting inflammation as a plausible link between mitochondria 
damage and AMD. We have also found that damaged nuclear DNA 
(nDNA) has similar pro-inflammatory characteristic. However, it 
is unknown how this DNA is recognized by RPE cells to induce 
inflammation. In this study, we examined the role of multiple DNA 
sensors and found that Absent in Melanoma 2 (AIM2), a DNA sensor 
that triggers the assembly of AIM2 inflammasome, mediates the pro-
inflammatory effects of both mtDNA and nDNA in RPE cells.
Methods: Both human primary RPE cells and ARPE-19 cells were 
used. Expression of AIM2 was checked with Western blotting. The 
effect of ectopic DNA was checked after transfection with 1ug/ml 
mtDNA or nDNA for 24 hours in cells that were pre-treated with 
scramble- or AIM2-siRNA. Inflammatory cytokines and key cellular 
signaling were examined in culture medium and cell lysates using 
western blot.
Results: Both human primary RPE cells and ARPE-19 cell line 
expressed AIM2. Both mtDNA and nDNA activated AIM2 and 
induced the secretion of IL-6 and IL-8, pro-IL1β and pro-caspase1. 
Knockdown of AIM2 by siRNA decreased the levels of secreted 
IL-6 and IL-8 and the protein levels of pro-IL1β and pro-caspase1. 
Moreover, knockdown of AIM2 inhibited the activation of NF-kB 
pathway that is induced by mtDNA or nDNA, suggesting that AIM2 
is an upstream molecule that mediates the activation of NF-kB by 
cytosolic DNA in RPE cells.
Conclusions: AIM2 recognizes cytosolic mtDNA and nDNA and its 
knockdown abrogates the inflammatory phenotype that is induced 
by DNA in ARPE-19 cells, indicating a possible role for nucleic 
acids recognition in AMD, similar to some other neurodegenerative 
conditions. This also suggests AIM2 as an interesting therapeutic 
target to explore for modulating innate immune defenses in RPE.
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Commercial Relationships: Ahmad Al Moujahed, None; Bo Tian, 
None; Joan W. Miller, Valeant Pharmaceuticals (P), Amgen, 
Inc (C), Maculogix, Inc. (C), KalVista Pharmaceuticals Ltd. (C), 
ONL Therapeutics, LLC (P), Alcon (C); Haijiang Lin, None; 
Demetrios G. Vavvas, None
Support: NIH Grant
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The lack of a direct effect of bicarbonate on photoreceptor 
guanylyl cyclase
Igor V. Peshenko, Elena V. Olshevskaya, Alexander M. Dizhoor. 
Pennsylvania College of Optometry, Salus University, Elkins Park, 
PA.
Purpose: Retinal membrane guanylyl cyclase 1 (RetGC1) 
plays important role in rod and cone physiology. Two types of 
regulatory proteins control enzymatic activity of RetGC1: Ca2+-
sensitive guanylyl cyclase activating proteins (GCAPs) and retinal 
degeneration 3 (RD3) protein, which inhibits RetGC1 activity. 
Recently, bicarbonate was proposed as a novel phototransduction-
linked RetGC regulator [1,2], contradicting other studies on the same 
subject [3,4]. The goal of this study was to independently verify 
the effects of bicarbonate on the basal and GCAP-regulated RetGC 
activity
Methods: The enzymatic activity of a recombinant RetGC1 
expressed in HEK293 cells and the native RetGC in wild type and 
transgenic mouse retinas was assayed in the presence of sodium 
bicarbonate and GCAPs using a direct method monitoring conversion 
of 32P-GTP into 32P-cGMP by thin-layer chromatography
Results: No measurable effect of bicarbonate on basal activity of 
recombinant RetGC1 was detected in the presence of 0-100 mM 
bicarbonate. While GCAP1 activated recombinant RetGC1 expressed 
in HEK293 cells >100-fold, there was no increase in GCAP1-
stimulated RetGC1 activity in the presence of bicarbonate. We 
also assayed the effects of bicarbonate on the activity of the native 
guanylyl cyclase in the retinas present in double-gene knockout 
mouse retinas lacking GCAP1 and GCAP2 (GCAPs-/-) and of the 
RetGC1 isozyme present in RetGC2-/-GCAPs-/- triple-knockout 
retinas. Bicarbonate did not stimulate basal guanylyl cyclase activity, 
while GCAP1 and GCAP2 produced 18- and 11-fold stimulation, 
respectively. There was no additional stimulation of the cyclase by 
bicarbonate in the presence of GCAPs. Instead, there was a small 
decrease in GCAP-stimulated guanylyl cyclase activity in the 
presence of 50 mM bicarbonate, which could be attributed to a non-
specific effect of high salt concentrations in the assay
Conclusions: Our results, together with the earlier studies [3,4], do 
not confirm with the reports that bicarbonate can directly activate 
photoreceptor guanylyl cyclase [1,2]. Our data also argue that the 
effects of bicarbonate on rod physiology reported in [2] cannot be 
explained by its direct regulation of guanylyl cyclase activity.
References: [1] Duda et al. (2016) Front. Mol. Neurosci. 9:5; [2] 
Duda et al. (2015) J. Biol. Chem. 290, 11052-60; [3] Guo et al. 
(2009) Biochemistry 48, 4417-22; [4] Sun et al. (2009) Proc. Natl. 
Acad. Sci. U.S.A. 106, 2041-46
Commercial Relationships: Igor V. Peshenko, None; 
Elena V. Olshevskaya, None; Alexander M. Dizhoor, None
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Characterize growth factor expression in the developing and 
aging mouse retina in vivo and in vitro
Maryam Alavi, Petr Baranov. Ophthalmology, Schepens Eye 
Research Institute, Massachusetts Eye and Ear, Boston, MA.
Purpose: It has been shown that growth factor administration or 
induction in the can delay or prevent retinal neuron death. However, 
the changes in the retinal secretome in development, aging and 
disease have not been well described. In this study we analyzed the 
expression of therapeutically relevant growth factors, GDNF, PEDF, 
CNTF, bFGF in in the developing and aging mouse retina in vivo and 
in vitro.
Methods: To estimate the growth factor content in the retina, mouse 
eyes (3 months and 2 years old, C57Bl6/J, n=7 per group) were 
collected. The neural retina with the RPE was separated from the 
underlying tissues, lysed and processed for the RNA and protein 
isolation. Western Blotting and qPCR was used to assess mRNA 
and protein concentrations of growth factors (GDNF, PEDF, CNTF, 
bFGF) in the retina; bActin and GAPDH were used as internal 
controls. In addition, immunostaining assay was used to localize 
growth factor localization. To study the GF in the developing retina 
we used mouse iPSc differentiation to mimic retinal development in 
vitro. The supernatant from the cultures of ipsc-derived eyecups was 
collected at several stages of differentiation (Days 0, 5, 11, 16, 20, 
25, 30, 35). The growth factor content (PEDF, GDNF) was analyzed 
using ELISA (RnD Systems). We used t-test and one-way ANOVA 
for the statistical analysis.
Results: The absolute content of GDNF in the eye decreased with 
age from 9.19 ± 3.36 ng per retina to 5.80 ± 3.47 ng per retina (n=10, 
p-value=0.03; The result is significant at p < 0.05). The regional 
analysis showed no difference in the GDNF expression in the 
choroid, neural retina, iris and vitreous (p-value =0.706). The in vitro 
study demonstrated gradual increase in GDNF and PEDF expression 
in culture from 1pg/ml to 8pg/ml for GDNF and from 80pg/ml to 
166pg/ml for PEDF.
Conclusions: We have observed a decrease in GDNF expression 
with aging, which may be responsible for previously described 
age-related changes in the healthy mouse retina. The GDNF content 
in the retina, identified in our work, can be used as a benchmark for 
the GDNF delivery/induction studies. We also have demonstrated 
the utility of the three-dimensional retinal differentiation from the 
iPSc in secretome studies. This assay may be used to investigate the 
modulation of growth factor expression in the retina.
Commercial Relationships: Maryam Alavi, None; Petr Baranov, 
None
Support: Shore ALice Adler Fellowship and Bright Focus 
Foundation Grant
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Quantitative analysis and correlation of VEGF-A and VEGF-B in 
serum and vitreous humor of patients with proliferative vs non-
proliferative ocular disease
Joana Mesquita1, João Paulo Castro e Sousa2, Sara Vaz-Pereira3, 4, 
Arminda Neves2, Luís Passarinha1, Cândida Tomaz1. 1Biochemistry/ 
CICS-UBI Health Sciences Research Centre, University of Beira 
Interior, Covilhã, Portugal; 2Ophthalmology, Centro Hospitalar 
Leiria, Leiria, Portugal; 3Ophthalmology, Hospital de Santa Maria, 
Lisbon, Portugal; 4Faculty of Medicine, University of Lisbon, Lisbon, 
Lisbon, Portugal.
Purpose: Angiogenesis is a process through which new blood vessels 
form from pre-existing ones. Its stimulation can be therapeutic in 
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ischemic heart disease and wound healing. Its inhibition can be 
therapeutic in cancer and ophthalmic diseases. VEGF-A and B are 
important proangiogenic factors and key regulators of blood vessel 
growth. This study aims to evaluate the concentration levels of 
VEGF-A and B in serum and vitreous of patients with proliferative 
ocular disease (POD) vs a control group of patients with non-
proliferative ocular disease (NPOD) and to determine whether a 
correlation exists between VEGF-A and B.
Methods: Serum and vitreous samples were collected from 14 
patients undergoing vitrectomy: the group with POD included 
diabetic retinopathy (DR) (n=8), retinal vein occlusion (RVO) (n=1) 
and age macular degeneration (AMD) (n=1), the NPOD group had 
vitreomacular traction syndrome (VMTS) (n=4). Quantification of 
VEGF-A and B in vitreous and serum was determined by ELISA in 
both groups. This study adhered to the tenets of the Declaration of 
Helsinki, all patients gave their informed consent.
Results: VEGF-A and B levels, in both vitreous and serum samples, 
were higher in DR vs RVO, AMD and VMTS. Comparison between 
POD vs NPOD: 1. Mean vitreous concentration ±standard deviation 
of VEGF-A and B in POD was 603.65±688.60 and 368.46±451.46 
pg/ml, respectively vs non-detectable values in NPOD; 2. Mean 
serum ±standard deviation concentration of VEGF-A and B in 
POD was 101.28±60.68 and 53.72±42.39 pg/ml vs 81.82±64.97 
(p=0.604) and 41.55±35.62 pg/ml (p=0.777) in NPOD. Correlations 
between VEGF-A and B: 1. In serum for all patients: statistical 
significant, positive and high (rsp=0.974) (ρ≤0.001); 2. In vitreous 
for POD patients: statistical significant, positive and high (rsp=0.995) 
(ρ≤0.001); 3. In serum for POD patients: rsp=0.995 (ρ≤0.01); In 
serum for NPOD patients: rsp=0.971 (ρ≤0.001).
Conclusions: There were higher concentrations of VEGF-A and 
B, in POD patients in comparison with NPOD, mainly due to DR, 
which had the highest levels of VEGF. There was a strong and 
positive correlation between VEGF-A and B in all cases. High levels 
of VEGF-A indicate high levels of VEGF-B, which may provide a 
potential target for treatment of POD, however further studies are 
needed to provide information about systemic adverse events due to 
its inhibition.

Commercial Relationships: Joana Mesquita, Alimera Sciences 
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Ultraviolet irradiation induces the secretion of IL-1β via 
activation of NLRP3 inflammasomes in human retinal pigment 
epithelial cells
Eveliina Korhonen1, Niina Piippo1, Maria Hytti1, Kai Kaarniranta1, 2, 
Anu Kauppinen1. 1University of Eastern Finland, Kuopio, Finland; 
2Kuopio University Hospital, Kuopio, Finland.
Purpose: Formation of inflammasome complexes are required 
for maturation and release of early initiator of immune responses, 
interleukin (IL)-1β. The aim of the present study was to investigate 
whether ultraviolet (UV) irradiation can activate nod-like receptor 
protein 3 (NLRP3) inflammasomes and further induce secretion of 
IL-1β in human retinal pigment epithelial (ARPE-19) cells in vitro. 
In addition, the role of potassium efflux as an upstream mechanism of 
inflammasome activation was explored in the present study.
Methods: ARPE-19 cells were primed with IL-1α and treated with 
potassium chloride prior to irradiation of UV light (wavelength of 
290-320 nm). For siRNA experiments, subconfluent cell layers were 
transfected with NLRP3 siRNA prior to priming signal. Secretion 
of IL-1β and cleaved caspase-1 as well as levels of NLRP3 were 
detected by ELISA assay. All data was analyzed by using Mann-
Whitney U-test.
Results: IL-1α primed ARPE-19 cells upon UV irradiation induced 
secretion of IL-1β (p<0.001), which was further declined by 
preventing potassium efflux during the UV exposure (p<0.001). 
Furthermore, significantly increased levels of NLRP3 and cleaved 
caspase-1 were found from cell culture medium after UV exposure 
(both p<0.001), indicating that inflammasome components were 
released out from the cells after inflammasome activation. In 
addition, NLRP3 siRNA revealed decreased release of IL-1β 
compared to negative siRNA control (p<0.01).
Conclusions: Our data shows that UV activates NLRP3 
inflammasomes, which further triggers the secretion of IL-1β in 
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ARPE-19 cells. In addition, potassium efflux seems to be involved in 
UV induced inflammasome activation.
Commercial Relationships: Eveliina Korhonen, None; 
Niina Piippo, None; Maria Hytti, None; Kai Kaarniranta, None; 
Anu Kauppinen, None
Support: Alfred Kordelin Foundation, Finnish Cultural Foundation, 
Academy of Finland (grants 297267 and 307341), Kuopio University 
Hospital, Silmäsäätiö, Emil Aaltonen Foundation, Silmä- ja 
Kudospankkisäätiö, Sokeain Ystävät ry
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Functional characterization of EYS using zebrafish as a model 
organism
Muriël Messchaert1, 2, Ralph Slijkerman3, 4, Erwin van Wijk3, 4, 
Rob W. Collin1, 2. 1Human Genetics, Radboudumc, Nijmegen, 
Netherlands; 2Donders Institute for Brain, Cognition and Behaviour, 
Nijmegen, Netherlands; 3Otorhinolaryngology, Radboudumc, 
Nijmegen, Netherlands; 4Radboud Institute for Molecular Life 
Sciences, Nijmegen, Netherlands.
Purpose: Mutations in eyes shut homolog (EYS), a gene 
predominantly expressed in the photoreceptor cells of the retina, 
are among the most frequent causes of autosomal recessive retinitis 
pigmentosa (RP), accounting for approximately 5-10% of all cases. 
The function of EYS in photoreceptor cells and the pathogenic 
mechanism underlying EYS-associated RP are still unclear. In this 
study we aim to unravel the function of EYS using zebrafish as a 
model organism.
Methods: We cloned and characterized eys in zebrafish, via RT-PCR 
analysis on zebrafish eyes cDNA and sequencing. Furthermore, 
we generated a stable eys knock-out zebrafish model by adopting 
CRISPR/Cas9 technology. RT-PCR was performed to evaluate the 
expression of eys mRNA in wild type and mutant zebrafish larvae. 
The effect of the absence of Eys on retinal structure and function will 
be studied using morphological analysis and functional assays.
Results: RT-PCR on zebrafish eyes cDNA resulted in the 
identification of a transcript of 8598 base pairs consisting of 45 
exons. This transcript is predicted to encode a 2866 amino acid long 
protein containing 38 EGF-like domains and five laminin A G-like 
domains. The encoded protein shows 32% sequence identity on the 
amino acid level compared to human EYS. Co-injection of Cas9 
protein with a gRNA targeting eys exon 19 into zebrafish embryos 
introduced a five base pairs deletion (c.3371_3375delGGGAG, 
p.Gly1124Valfs*15). It is predicted to lead to a premature stop 
codon, resulting in a truncated protein. RT-PCR analysis showed the 
presence of mutant eys transcript in homozygous mutant zebrafish 
larvae.
Conclusions: We characterized eys in zebrafish, which shows high 
similarity to human EYS. Furthermore we were able to create a 
stable eys knock-out zebrafish line. Our work will serve as the basis 
for understanding the function of EYS, and to initiate pre-clinical 
therapeutic intervention studies.
Commercial Relationships: Muriël Messchaert, None; 
Ralph Slijkerman, None; Erwin van Wijk, None; Rob W. Collin, 
None
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Expression of ABCA4 in Retinal Pigment Epithelium cells and its 
implications for Stargardt disease
Tamara L. Lenis1, Shanta Sarfare2, Jane Hu1, Zhichun Jiang1, 
Marcia Lloyd1, Dean Bok1, Gabriel H. Travis1, Roxana A. Radu1. 
1Stein Eye Institute, David Geffen School of Medicine at UCLA, Los 
Angeles, CA; 2New England College of Optometry, Boston, MA.
Purpose: Recessive Stargardt disease (STGD1) is an inherited 
macular degeneration caused by mutations in ABCA4, a membrane 
protein thought to be exclusively expressed in photoreceptor outer-
segment (OS) discs. Loss of ABCA4 results in retinal pigment 
epithelium (RPE) deposition of visual cycle toxic byproducts and 
late-onset photoreceptor degeneration. We previously demonstrated 
ABCA4 expression in normal human and murine RPE cells by 
qRT-PCR and immunoblotting. We also showed that RPE cells 
from Mertk1-/- mice, which do not phagocytose photoreceptor OS, 
also contained Abca4 mRNA and protein. We hypothesized that 
RPE-expressed ABCA4 performs a similar protective function as in 
photoreceptor OS discs.
Methods: We previously generated transgenic mice using a construct 
that contains the normal mouse Abca4 coding-region downstream 
of the RPE-specific promoter. We crossed this transgene onto the 
Abca4-/- background, to obtain a line that expresses ABCA4 in the 
RPE, but not the retina (Rpe65-Abca4-Tg/Abca4-/- mice). Expression 
of ABCA4 was determined by qRT-PCR, immunoblotting, and 
immunohistochemistry. Retinoids and bis-retinoids were measured 
by high-performance liquid chromatography (HPLC). Retinal 
morphology, RPE lipofuscin burden and RPE autofluorescence were 
assessed by light microscopy, electron microscopy, and confocal 
microscopy respectively. Complement C3b levels were measured by 
immunoblotting and co-localization studies were performed using 
immunohistochemistry.
Results: Characterization of a transgenic mouse line that expresses 
ABCA4 in the RPE, but not in the retina (Rpe65-Abca4-Tg/Abca4-

/-) revealed decreased autofluorescence and decreased lipofuscin 
granules, in addition to greater photoreceptor preservation, 
suggesting an active role for ABCA4 in the RPE. Furthermore, 
A2E levels and complement C3b accumulation were reduced in the 
RPE of Rpe65-Abca4-Tg/Abca4-/- mice compared to Abca4-/- mice, 
demonstrating that RPE-expressed ABCA4 may protect against bis-
retinoid mediated damage by curbing complement reactivity. Finally, 
endogenous RPE-expressed ABCA4 appears to co-localize with 
endolysosomal structures in human and murine RPE.
Conclusions: ABCA4 plays a similar role in RPE internal 
membranes as it does in photoreceptor OS discs. This finding 
introduces a cell-autonomous pathway in the pathophysiology of 
STGD1 and may direct future cell-targeted therapies for ABCA4-
associated maculopathies.
Commercial Relationships: Tamara L. Lenis, None; 
Shanta Sarfare, None; Jane Hu, None; Zhichun Jiang, None; 
Marcia Lloyd, None; Dean Bok, None; Gabriel H. Travis, None; 
Roxana A. Radu, None
Support: NEI-R01 EY025002, NEI Stein Institute Core Grant, RPB 
Unrestricted Grant to the Department of Ophthalmology at UCLA, 
Gerald Oppenheimer Family Foundation
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NOGO-A Gene Expression in Amniotic Fluid Treated Human 
RPE Cells
Hamid Ahmadieh1, 2, Bahareh Safdari1, Fatemeh Suri1, Zahra-
Soheila Soheili3, Iman Salahshourifar4, Mozhgan Rezaeikanavi1. 
1Ocular Tissue Engineering Research Center, Shahid Beheshti 
University of Medical Sciences, Tehran, Iran (the Islamic Republic 
of); 2Ophthalmic Research Center, Shahid Beheshti University of 
Medical Sciences, Tehran, Iran (the Islamic Republic of); 3National 
Institute of Genetic Engineering and Biotechnology, Tehran, Iran (the 
Islamic Republic of); 4Department of Biology, Science and Research 
Branch, Islamic Azad University, Tehran, Iran (the Islamic Republic 
of).
Purpose: Using retinal pigment epithelial (RPE) cells as a potential 
source of retinal neurons has already been reported. Previous studies 
have shown that human amniotic fluid (HAF) can enhance trans-
differentiation of RPE cells into the retinal neurons and progenitor 
cells. NOGO-A is the longest member of NOGO family, all of which 
are coded by RTN-4 gene. During neural development, NOGO is 
expressed mainly by neurons and provides an inhibitory signal for 
the migration and sprouting of endothelial cells, thereby restricting 
blood vessel density. NOGO-A is expressed in retinal neurons, being 
up-regulated after neural lesions. NOGO-A inhibits axon growth 
and synaptic function in the central nervous system. Suppressing the 
activity of the NOGO receptor has been shown to enhance neural 
regeneration and survival. In this study, we examined the expression 
of NOGO-A in cultivated human RPE cells and investigated the 
effect of HAF treatment on NOGO-A gene expression.
Methods: Primary cultured human RPE cells were established from 
three unrelated human cadaver globes. RPE cells were cultured in 
DMEM/F12 supplemented with 10% FBS. Cultures were treated with 
30% HAF, obtained from normal fetuses of 14–16 weeks gestational 
age. Real time PCR analysis was used to determine NOGO-A gene 
expression. All the experiments were performed in duplicate.
Results: Results showed that NOGO-A gene was expressed in 
cultured human RPE cells. Comparative analysis also demonstrated 
that NOGO-A gene expression was increased one hundred times in 
average in HAF-treated cultures, when compared to FBS-treated 
controls (P < 0.001).
Conclusions: NOGO-A gene expression was detected in human RPE 
cells’ culture. The high level of NOGO-A transcripts seems to be a 
key regulatory factor in HAF-treated RPE cells. This may support 
previous evidences on neural differentiation of RPE cells after 
exposure to HAF. Further investigations are necessary to verify the 
role of NOGO-A in trans-differentiation of RPE cells and recruitment 
of the RPE cells in retinal regeneration studies.
Commercial Relationships: Hamid Ahmadieh, None; 
Bahareh Safdari, None; Fatemeh Suri, None; Zahra-
Soheila Soheili, None; Iman Salahshourifar, None; 
Mozhgan Rezaeikanavi, None
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Does S cone vulnerability reside in their mitochondria?
Tobias Weinrich Weinrich, Michael B. Powner, Glen Jeffery.  
Visual Neuroscience, Institute of Ophthalmology, University College 
London, London, United Kingdom.
Purpose: We have recently provided evidence that there is little 
or no age related cone loss in the primate retina. However, there is 
differential loss of S cone function with age. Here we investigate 
molecular markers of cellular function and stress in aged S and M/L 
primate cones that may explain their differential decline.

Methods: Retinae from old Macaca fascicularis (14 y/o, n=6) 
were used, which had been donated at death in studies unrelated to 
our investigations. Data were also obtained from C57 mice retinae 
(n=10). We examined the localization and levels of DNA damage, 
protein aggregation and expression of mitochondrial stress markers 
in relation to the specific opsin expression. The localisation and 
expression studies were performed using immunohistochemistry 
(IHC) on retinal sections (macaque and mouse). Western blotting on 
frozen material was also used in the case of the mice, as the mouse 
retina has a clear dorso-ventral spatial separation of S and M/L cones.
Results: We find differential changes in the level of protein 
aggregation in the outer segments of S-cone population compared 
to the M/L cone population, implying that cellular function has been 
undermined. In general, reactive oxygen species related DNA damage 
was present in all cones and other cell types. Co-labelling with 
specific S and M/L opsin revealed marginal differences between the 
S and M/L cone population in some of these metrics. However, there 
was an increased tendency of mitochondrial stress markers in the M/L 
cone population in comparison to the S-cone population implying 
that S cones may be less reliant on mitochondrial function.
Conclusions: These results suggest that there was not a significant 
differential difference in the metrics examined other than protein 
aggregation between the different cone types. However, it is possible 
S cone vulnerability may reside in their greater dependence on other 
energy source such as glycolysis rather than upon mitochondrial 
function. This may explain why S cone decline markedly in 
metabolic diseases.
Commercial Relationships: Tobias Weinrich Weinrich, None; 
Michael B. Powner, None; Glen Jeffery, None
Support: BBSRC BB/N000250/1
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Sostdc1, a secreted dual BMP and WNT antagonist, is 
differentially expressed in RCS rdy+ and rdy- rat retinal pigment 
epithelial cells
Marc M. Abitbol1, 2, Olivia Xerri2, Maud Valensi3, Virginie Dinet1, 
Frederic Mascarelli1, Matthieu Robert2, Claudine Botteri1, 
marianne Berdugo1, Patricia Lassiaz1, Amina Meziane1, 
Dominique Bremond-Gignac2, Francine F. Behar-Cohen1. 
1Ophthalmology UMR_S INSERM 1138 Team 17, Universite Paris 
Descartes, Paris, France; 2Ophthalmology, Hôpital Universitaire 
Necker-Enfants Malades, Paris, France, France; 3Pharmaceutical 
Sciences, Université Paris Descartes, Paris, France.
Purpose: we implemented an original strategy for identifying 
unknown secreted proteins by the rat retinal pigment epithelium.
Methods: we used the “signal peptide selection” method, based on 
a single step yeast genetic screening, which allows the selection of 
cDNAs encoding secreted and membrane-bound proteins sorted by 
the secretory apparatus of eye cells. A retinal pigment epithelium 
(RPE) cDNA library was cloned into a pSUC2 vector and screened 
using the yeast signal sequence trap system. Using this approach, 
we identified a unique full length cDNA encoding the rat Sostdc1 
protein (NM_153737.1). Using this cDNA sequence, we performed 
immunohistochemistry experiments with anti-Sostdc1 antibodies. 
Semi-quantitative RT-PCR analysis, In situ hybridization, and 
immunohistochemistry experiments were carried out on post-natal 
retinal and cerebellar tissue sections of Royal College of Surgeon 
RCS rdy- p+ and control congenic rats rdy+ p+.
Results: By triplicated RT-PCR, the cDNA encoding Sostdc1 was 
indeed detected in rat post-natal RPE and cerebellum as well as 
in various adult rat tissues. We analyzed Sostdc1 gene expression 
profile and Sostdc1 protein localization in normal RCS rdy+ and 
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dystrophic RCS rdy- rat retinas at various stages of post-natal ocular 
development as well as in adult RCS rdy+ and RCS rdy- brain tissue 
sections. Sostdc1 mRNA and protein were present in the control 
and dystrophic rat RPE cell monolayer at 14, 21 and 45 days after 
birth. The amount of Sostdc1 mRNA decreased between the 14th 
and 45th post-natal day in normal RCS rdy+ RPE. Interestingly, by 
semi-quantitative RT-PCR applied to total RNAs extracted from 
microdissected rat RPE and cerebellum, an increase of Sostdc1 
mRNA was observed in the RPE and cerebellum of RCS rdy- rats.
Conclusions: Sostdc1 is transactivated by the transcription factors 
Sox2 and Pax6. it is also expressed in the developing bones and teeth. 
No oculo-skeletal disease has been associated so far with mutations 
od SOSTDC1 in human patients nor in animal models. Human 
patients affected by retinal dystrophies or congenital abnormalities of 
the eye associated with cerebellar and/or skeletal abnormatities and/
or teeth abnormalities should be screened for mutations in SOSDC1 
gene.
Commercial Relationships: Marc M. Abitbol, None; 
Olivia Xerri, None; Maud Valensi, None; Virginie Dinet, 
None; Frederic Mascarelli, None; Matthieu Robert, 
None; Claudine Botteri, None; marianne Berdugo, 
None; Patricia Lassiaz, None; Amina Meziane, None; 
Dominique Bremond-Gignac, None; Francine F. Behar-Cohen
Support: INSERM global grant to TEAM 17 of the UMR_S 
INSERM 1138

Program Number: 611 Poster Board Number: B0179
Presentation Time: 1:30 PM–3:15 PM
Characterization of canonical Wnt signalling changes after 
induced Müller cell disruption in murine retina
Ling Zhu1, Weiyong Shen1, Ying Wang1, Ting Zhang1, 
Bobak Bahrami1, Fanfan Zhou2, Mark C. Gillies1. 1Save Sight 
Institute, The University of Sydney, Hurstville, NSW, Australia; 
2Pharmacy, The University of Sydney, Sydney, NSW, Australia.
Purpose: Müller cells are the principal retinal glial cell, providing 
homeostatic and metabolic support for the neurons of the vertebrate 
retina. The canonical Wnt signalling pathway also plays an important 
role in maintaining homeostasis in the retina. Target genes activated 
by the Wnt pathway have a range of roles in retinal physiology and 
pathology. We aim to evaluate the Wnt signalling and its downstream 
effects on retinal degeneration in a transgenic model in which Müller 
cells were selectively and inducibly disrupted.
Methods: The retinal Wnt signaling activation after induced Muller 
cells disruption was detected by evaluating nuclear translocation 
of β-Catenin. The mRNA expression of 80 Wnt related genes was 
assessed by real-time PCR using the retinas from transgenic mouse 
and control mouse. The changes of these genes at protein level were 
further evaluated by Western blot. Their distributions in the retina 
were evaluated by immunohistochemistry.
Results: Western blots of retinal lysates showed a significant up-
regulation (207%, p=0.04) of nuclear β-catenin expression 7 days 
after induced Müller cell disruption compared with control. In the 
retinas of the mice induced Müller cell disruption, real-time PCR 
results showed significant down-regulations of Wnt inhibitors, 
sFRP3, Dkk1 and Dkk3 (by 82%, 26% and 88% of control, 
respectively). Additionally, there were significant down-regulations of 
the β-Catenin proteolysis-related genes, βTrcp and SHFM3 (by 70% 
and 56% of control, respectively). Furthermore, Wnt downstream 
target genes, Cyclin D2, C-Myc and Fra-1 were significantly up-
regulated in the retina after induced Müller cell dysfunction (by 
268%, 249% and 215% of control, respectively). We detected similar 
results of these genes’ changes at protein level by Western blot.

Conclusions: Our findings indicated that Müller cells are one of the 
major cell types involved in retinal Wnt signalling. Multiple cascades 
of retinal Wnt signalling were activated following Müller cell 
disruption. Activation of Wnt signalling and its downstream target 
genes may play important roles in photoreceptor degeneration and 
neovascularization occurring in the retina after induced Müller cell 
disruption.
Commercial Relationships: Ling Zhu, None; Weiyong Shen, 
None; Ying Wang, None; Ting Zhang, None; Bobak Bahrami, 
None; Fanfan Zhou, None; Mark C. Gillies, None

Program Number: 612 Poster Board Number: B0180
Presentation Time: 1:30 PM–3:15 PM
Age-related macular degeneration (AMD) mitochondria 
modulate epigenetic machinery in transmitochondrial ARPE-19 
cybrid cells
Sonali R. Nashine1, 2, Stephanie Y. Lu1, 3, Anthony B. Nesburn1, 4, 
Baruch D. Kuppermann1, Cristina M. Kenney1, 5. 1Gavin Herbert 
Eye Institute, University of California Irvine, Irvine, CA; 
2Ophthalmology, University of California Irvine, Irvine, CA; 3VA 
Medical Center Long Beach Hospital, Long Beach, CA; 4Cedars-
Sinai Medical Center, Los Angeles, CA; 5Pathology and Laboratory 
Medicine, University of California Irvine, Irvine, CA.
Purpose: Epigenetic changes are known to contribute to the 
pathogenesis of age-related macular degeneration (AMD). However, 
the role of AMD mitochondria in mediating those changes has 
not yet been demonstrated. Therefore the goal of our study was 
to demonstrate that mitochondria from AMD patients modulate 
epigenetics in ARPE-19 transmitochondrial cybrids.
Methods: To prepare AMD and normal (NL) ARPE-19 
transmitochondrial cybrids (cytoplasmic hybrids), we fused blood 
platelets obtained from AMD patients and age-matched NL subjects, 
with Rho0 (lacking mtDNA) human ARPE-19 cells. All cybrids had 
identical nuclei but differed in mtDNA content. Passage 5 AMD 
and NL cybrids (n=4) were cultured for 72 hr, RNA was extracted, 
reverse transcribed to cDNA, and qRT-PCR was performed. Using 
qRT-PCR, we compared the expression of methylation genes 
(DNMT1, DNMT3A, DNMT3B, MAT2B, MBD2) and histone 
deacetylase genes (HDAC1, HDAC6) between NL and AMD cybrids. 
Student’s t-test was used to measure statistical differences.
Results: We observed that methylation and acetylation genes’ 
expression were significantly altered between NL and AMD cybrids. 
DNMT1 gene, which encodes an enzyme that predominantly 
methylates CpG residues, and MBD2 that represses transcription 
from methylated gene promoters, were significantly down-regulated 
(DNMT1: Fold Change (FC)=0.69, P=0.03; MBD2: FC=0.8, P=0.02) 
in AMD cybrids compared to NL cybrids. Furthermore, DNMT3A 
and DNMT3B which function as de novo methyltransferases as 
well as transcriptional repressors, showed significantly increased 
gene expression (DNMT3A: FC=1.5, P=0.01, DNMT3B: FC=1.5, 
P=0.008) in AMD cybrids. MAT2B which catalyzes the biosynthesis 
of S-adenosylmethionine from methionine and ATP, was significantly 
up-regulated (FC=1.3, P=0.04) in AMD cybrids. In addition, histone 
deacetylases, HDAC1 and HDAC6, which are responsible for the 
deacetylation of lysine residues on core histones, were significantly 
up-regulated (HDAC1: FC=1.5, P=0.0004; HDAC6: FC=2.63, 
P<0.0001) in AMD cybrids compared to NL cybrids.
Conclusions: To conclude, since all cybrids differed only in mtDNA 
content, our results suggest that AMD mitochondria can mediate 
changes in the methylation and acetylation genes’ expression, and 
regulate the epigenetic machinery in ARPE-19 transmitochondrial 
cybrids.
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Novel BEST1 mutations in Chinese patients with 
bestrophinopathy
Jingyi Luo, Xing Liu, Xiaobo Huang, XIAOYU XU. Zhongshan 
Ophthalmic Center, Sun Yat-sen University, Guangzhou, China.
Purpose: Bestrophinopathy is a clinically and genetically 
heterogeneous retinal disease which is mainly caused by BEST1 
mutations. The purpose of this study is to analyze the mutation 
spectrum of BEST1 in a cohort of Chinese bestrophinopathy patients.
Methods: Thirty-five bestrophinopathy patients and 26 clinically 
healthy family members from 25 unrelated families were recruited. 
Coding regions and adjacent intronic regions of BEST1 was analyzed 
by Sanger sequencing.
Results: Ten novel mutations and 13 previous reported mutations 
were identified. Among the novel mutations, there were 6 missense 
mutations (c.88A>G, p.K30E; c.500A>G, p.E167G; c.764G>A, 
p.R255Q; c.817G>A, p.V273M; c.842T>C, p.F281S; and c.380C>T, 
p.T124M), 1 nonsense mutation (c.1550C>G, p.S157X), 1 deletion 
mutation (c.950_955del, p.S318_L319) and 2 splicing defects 
(c.1739+1G>A, c.247+2T>G). All patients had RPE disorder, serous 
retinal detachment with subretinal vitelliform deposits at the posterior 
poles (Figure 1-2). Eight patients had angle closure (22.86%) and 21 
patients had angle-closure glaucoma (60%).
Conclusions: Ten novel mutations with potential functional 
consequences were identified in BEST1 in a cohort of Chinese 
bestrophinopathy patients with high rate of angle closure and angle-
closure glaucoma, suggesting a potential genetic and phenomic 
diversity of bestrophinopathy in Chinese patients.

Figure 1. The fundus color photographs, OCT images and sequence 
maps of 6 autosomal recessive bestrophinopathy (ARB) patients with 
novel mutations in BEST1. All patients had macular cystoid edema, 
RPE irregularity, serous retinal detachment with subretinal vitelliform 
deposits at the posterior poles. Patient 1,2,3 and 6 had pale optic disc 
with cup/disc ratio increased.

Figure 2. The fundus color photographs, OCT images and sequence 
maps of 3 Best vitelliform macular dystrophy (BVMD) patients with 
novel mutations in BEST1. Patient 7 had macular cystoid edema, 
serous retinal detachment with subretinal vitelliform deposits at the 
posterior pole. Patient 8 had atrophy of outer layer retina at macular. 
Patient 9 had retinal detachment and cicatricial change at macular.



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.

Commercial Relationships: Jingyi Luo; Xing Liu, None; 
Xiaobo Huang, None; XIAOYU XU

Program Number: 614 Poster Board Number: B0182
Presentation Time: 1:30 PM–3:15 PM
Carbonic anhydrase inhibitors for the mangement of cystic 
macular lesions in X-linked retinoschisis
Ismaël Chehaibou1, Raphaelle Ores1, Claire Marie Dhaenens2, 
Camille Andrieux1, Michel Paques1, Saddek Mohand-Said1, José-
Alain Sahel1, Isabelle S. Audo1. 1Quinze-Vingts National Eye 
Hospital, Paris, France; 2Centre Hospitalier Régional Universitaire de 
Lille, Lille, France.
Purpose: To evaluate the efficacy of carbonic anhydrase inhibitors 
(CAI) in the treatment of cystic macular lesions in patients with 
X-linked retinoschisis (XLRS).
Methods: Retrospective interventional study of XLRS patients 
treated either with oral or topical CAI. Data were collected from 
patient charts including demographic features, clinical and spectral-
domain optical coherence tomography (SD-OCT) findings, initial 
and final best-corrected visual acuity (BCVA). All included patients 
presented molecularly confirmed XLRS. We evaluated the effect of 
the first line treatment on both foveal zone thickness (FZT) measured 
on the same SD-OCT and VA. An intermediate analyzis of FZT was 
performed between 3 to 6 months after initiation of treatment. A FZT 
change was considered statistically significant if more than 17.1% of 
baseline.
Results: Thirty-three eyes of 17 patients (mean age 21.90 years, 
range 4 - 64) were included in this study. The mean duration of 
the first line treatment was 19.3 months (range 3 - 60 months). 
Twelve eyes were treated orally (acetazolamide) and 21 eyes 
topically (dorzolamide or brinzolamide). The mean BCVA remained 
unchanged from baseline to the end of first line therapy (from 0.43 to 
0.43 LogMAR, p=0.96). Mean FZT decreased of 3.7% from 407.09 
μm +/- 108.83 to 392.00 μm +/- 118.04 (p=0.43) after the first line 
therapy. Six of the 33 eyes (18.20%) had a statistically significant 
reduction in the FZT. In the systemic treatment subgroup, 4 of 12 
eyes (30%) had a significant improvement of the FZT and 1 of 21 
eyes (4.71%) in the topical therapy subgroup. Intermediate analyzis 
was available for 26 eyes and revealed mean reduction of 11.71% 
of the initial FZT, from 407.09 +/- 108.83 μm to 365.65 μm +/- 
120.14 (p=0.004). Five eyes (19.20%) had a statistically significant 
improvement in FZT. We did not observed significant increase of 
FZT in any eye.
Conclusions: This study outlines the fluctuation of macular cysts 
during the CAI therapy in patients with XLRS. Visual acuity 
remained stable during the follow-up period and we could not 
demonstrate significant long term reduction in FZT. A subgroup 
analysis with assessment of the hyper reflective structure of external 
retina is needed with a longer-term follow-up to evaluate whether 
selected patients may benefit of CAI treatment.
Commercial Relationships: Ismaël Chehaibou, None; 
Raphaelle Ores, None; Claire Marie Dhaenens, None; 
Camille Andrieux, None; Michel Paques, None; Saddek Mohand-
Said, None; José-Alain Sahel, None; Isabelle S. Audo, None
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Comparison of the RHO-tvrm4 and light damage models of 
retinal degeneration
Micah A. Chrenek1, Sarah W. Gooding1, Jana T. Sellers1, 
Robin H. Schmidt1, Nathaniel F. Henneman2, Preston E. Girardot1, 
Jeffrey H. Boatright1, 2. 1Ophthalmology, Emory University, Atlanta, 
GA; 2Atlanta VAMC, Atlanta, GA.

Purpose: The RHO-tvrm4 mouse strain is a genetic model of retinitis 
pigmentosa that allows coordinated retinal degeneration induced 
by very brief exposure to bright light. Our results suggest that the 
underlying mechanisms by which photoreceptors die and the stress 
response in the retina is similar to the light induced retinal damage 
(LIRD) model of retinal damage. Here we describe a time course of 
retinal degeneration in both models and what the effects are in retinal 
and RPE morphology, inflammation response, and complement 
deposition.
Methods: LIRD was performed by exposing BALB/cAnNCrl mice 
(60-100 days old) to 5000 lux of white LED light for 4 hours or 
129S2/SvPasCrl (100 days old) dilated with atropine and exposed to 
30000 lux of white LED light for 4 hours. C57BL6/J RHOtvrm4/+ 
were exposed to 50000 lux of white light for 5 min without atropine 
to induce retinal degeneration. Mice were sacrificed 7 or 8 days 
following induction and eyes collected for immunohistochemistry 
and retinas for RNA isolation. Gene expression analysis was 
performed at 2 and 7 or 8 days following damage for candidate 
genes using digital droplet PCR. TUNEL staining was performed to 
determine the time course of loss of photoreceptors. Immunostaining 
was performed on retinal sections for complement components and 
stress markers. RPE flatmounts were stained with ZO1 and analyzed 
at 3 days following damage to determine effects on RPE morphology 
and images analyzed with Cell Profiler software.
Results: A significant induction of complement components 
including C1QA, C1QB, C3, CFB, and CFH were present 2 and 7 
or 8 days after damage occurred in both models. Stress related genes 
including HMOX1, HIF1A, and LIF showed similar inductions in 
both models. A much greater proportion of the photoreceptors were 
TUNEL-positive in the LIRD model than in the RHO-tvrm4 model at 
2 days. RPE flatmount morphology measurements, including cell area 
and eccentricity, were significantly disrupted in LIRD 129sv mice as 
early as 2 days following light exposure and in RHO-tvrm4 mice as 
early as 3 days following light induction.
Conclusions: The RHO-tvrm4 genetic model of retinitis pigmentosa 
shows similar degeneration effects as the LIRD BALB/c and 129sv 
models. The RHO-tvrm4 model allows for the use of C57BL/6J 
background mice to assess the effects of available transgenic 
mutations without crossing them into the BALB/c background.
Commercial Relationships: Micah A. Chrenek, None; 
Sarah W. Gooding, None; Jana T. Sellers, None; 
Robin H. Schmidt, None; Nathaniel F. Henneman, None; 
Preston E. Girardot, None; Jeffrey H. Boatright, None
Support: The Abraham and Phyllis Katz Foundation, Research to 
Prevent Blindness, NIH NEI P30EY06360, NIH NEI R01EY14026, 
VA RR&D C9246C, VA RR&D C1924P I21RX001924
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Peptidylarginine deiminase 4 (PAD4) is the primary mediator of 
retinal citrullination in mice
TJ Hollingsworth1, Marko Z. Radic5, Francesco Giorgianni3, 
Sarka Beranova-Giorgianni3, Diwa Koirala3, Yanming Wang4, 
Alessandro Iannaccone2. 1Neuroscience Institute, University of 
Tennessee Health Science Center, Memphis, TN; 2Duke Eye Center, 
Duke University, Durham, NC; 3Pharmaceutical Sciences, University 
of Tennessee Health Science Center, Memphis, TN; 4Center for 
Eukaryotic Gene Regulation, Biochemistry and Molecular Biology, 
Pennsylvania State University, University Park, PA; 5Microbiology, 
Immunology and Biochemistry, University of Tennessee Health 
Science Center, Memphis, TN.
Purpose: Citrullination is a post-translational modification known 
to serve many functions in both epigenetics and inflammation. 
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Previously, we showed PAD4 expression in retina (ARVO2015 
Abstract 4636-D0011). Herein, we report on the expression of 
PAD2, PAD4 and retinal citrullination in murine retina with age, and 
show that PAD4 is essential for normal citrullination in post-natal 
developing retina.
Methods: Eyes from wild-type (WT) and PAD4-/- (PAD4KO) mice 
at 0.5, 3, and 6 months of age were fixed and cryosectioned. Sections 
were probed using an anti-PAD2/PAD4 antibody (Ab), (Proteintech), 
a specific anti-PAD4 ab (Proteintech), and F95 anti-citrullinated 
peptide Ab (Millipore) and fluorescent intensities quantified.
Results: WT mice displayed PAD labeling in all retinal layers 
varying with age. The ganglion cell, inner nuclear (INL), and outer 
plexiform layers labeled most intensely, but labeling spanned the 
retinal thickness. In WT, both PAD2 and PAD4 levels decreased with 
age; however, PAD4KO animals maintained near constant PAD2 
levels. Citrullination paralleled the changes in PAD4 expression, with 
younger animals having more citrullination. Citrullination patterning 
shifted from primarily nuclear to more INL cell-specific with age. 
PAD4 labeling was near background levels in PAD4KO mice. Using 
a non-specific anti-PAD Ab, residual PAD reactivity was modest, and 
was attributed to the other known retinal PAD, PAD2. In PAD4KO 
mice, minimal residual retinal citrullination was observed.
Conclusions: PAD expression and citrullination levels vary with 
age. Younger retinas exhibited the most PAD2/PAD4 expression and 
citrullination, while older retinas exhibited the least; however, in the 
absence of PAD4, PAD2 expression appears to retain a near constant 
level, possibly to compensate for the loss of PAD4. The primarily 
nuclear citrullination in WT mice suggests a role for citrullination 
in expression of genes involved in either retinal development, 
homoeostasis, or both. The physiological age-related decline in 
PAD4 expression and citrullination is similar to the decrease in PAD2 
expression and citrullination seen in rat eyes (Bhattacharya, et al 
2008). The near complete elimination of retinal citrullination seen in 
PAD4KO mice supports the notion that, while both PAD2 and PAD4 
are expressed in the retina, PAD4 is the main mediator of retinal 
citrullination, at least under physiological conditions.
Commercial Relationships: TJ Hollingsworth, None; 
Marko Z. Radic, None; Francesco Giorgianni, None; 
Sarka Beranova-Giorgianni, None; Diwa Koirala, None; 
Yanming Wang, None; Alessandro Iannaccone, None
Support: NEI/NIH grant R01 EY022706; Research to Prevent 
Blindness, Inc. New York, NY
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Retinal Degeneration is Time- and Intensity-Dependent in 
Heterozygous Carriers of the Tvrm4 Rhodopsin Mutation
Preston E. Girardot1, Robin H. Schmidt1, Jana T. Sellers1, 
Jeffrey H. Boatright1, 2. 1Emory University, Atlanta, GA; 2Center 
for Visual and Neurocognitive Rehabilitation, Atlanta VA Medical 
Center, Atlanta, GA.
Purpose: Mice that are heterozygous for the autosomal dominant 
Tvrm4 mutation (henceforth referred to as Tvrm4/+ mice) are a 
model of Class B Rho mutation retinitis pigmentosa. The utility 
of this model is limited by the fact that the Tvrm4/+ phenotype is 
still poorly understood. Tvrm4/+ mice display a typical C57BL/6 
phenotype when raised under standard 12:12 h maintenance lighting 
conditions, but undergo retinal degeneration following very brief 
exposure to intense light. We sought to clarify the relationship 
between duration and intensity of light exposure and the extent of 
degeneration exhibited by Tvrm4/+. We also wanted to determine 
whether the retinal degeneration we observed worsens over time.

Methods: Male and female Tvrm4/+ mice were exposed to varying 
intensities of LED light (12,000 to 70,000 lux) for 1 or 5 minutes, 
with or without 0.2% atropine eye drops. Before light exposure and 
at 7 and 21 days after light exposure, retinal and visual function, as 
determined by electroretinogram (ERG) and optokinetic tracking 
(OKT) response, were measured. After 21 days, mice were sacrificed 
and eyes were fixed in glutaraldehyde and embedded in plastic 
medium for histological sectioning. Plastic sections were stained with 
toluidine blue for assessment of retinal morphology.
Results: Bright light exposure led to decreases in ERG a- and b-wave 
response, as well as decreases in visual acuity and contrast sensitivity. 
The degree of vision loss varied in proportion to both light intensity 
and duration of exposure, with a complete loss of a- and b-wave 
response in mice exposed to 70,000 lux for 5 minutes and a ~50% 
loss of response in mice exposed to 50,000 lux for 5 minutes. The 
visual deficits present in these mice at 1 week post-light exposure 
did not worsen over time. Morphometric analysis of retinal sections 
revealed loss of photoreceptor nuclei, thinning of the outer nuclear 
layer, and chromatin aggregation in light-exposed mice.
Conclusions: The Tvrm4/+ mouse loses retinal and visual function 
following bright light exposure, with concomitant changes in the 
morphology of the retina. These changes correlate with both duration 
and intensity of light exposure, but do not appear to worsen when 
mice are returned to normal room lighting conditions.
Commercial Relationships: Preston E. Girardot, 
None; Robin H. Schmidt, None; Jana T. Sellers, None; 
Jeffrey H. Boatright, None
Support: NIH R01EY014026; VA RR&D C1924P; VA RR&D 
C9246C; Abraham and Phyllis J. Katz Foundation; Research To 
Prevent Blindness
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Prom1-dependent Autophagy Prevents Mitochondrial Damage 
and Apoptosis in Human Retinal Pigment Epithelial Cells
Sujoy Bhattacharya, Jinggang Yin, Weihong Huo, Edward Chaum. 
Ophthalmology, Univ of Tennessee Health Science Ctr, Memphis, 
TN.
Purpose: Our previous studies have demonstrated that Prom1 
(CD133) modulates autophagy in the RPE through inhibition of 
mTORC1/2 activities and through its association with the selective 
autophagy receptor, sequestosome (SQSTM1)/p62. Although 
post-mitotic RPE cells rely on autophagy to maintain homeostasis, 
it is unknown whether Prom1-dependent autophagy regulates 
RPE apoptosis in response to stress and mitochondrial complex I 
inhibition.
Methods: Prom1 lentiviral constructs were used to overexpress 
wildtype (WT) and STGD4 Mutant (Mut-Prom1) Prom1 in ARPE19 
cells. Cells were treated with p53 activator (Nutlin-3), NADPH 
oxidase inhibitor (Diphenyleneiodonium, DPI) in the presence and 
absence of autophagy inhibitor (3-Methyladenine, 3-MA). Western 
blotting was used to quantify Atg proteins, p62/SQSTM1, and LC3-II 
processing. Apoptosis was measured by activation of caspase-3 and 
DNA damage was measured by gamma-H2AX phosphorylation.
Results: Nutlin-3 triggered apoptosis in confluent monolayers of 
ARPE-19 cells, and concomitant inhibition of autophagy blocked 
Nutlin-3’s ability to induce apoptosis. Overexpression of WT and 
STGD4 Mut-Prom1 in ARPE-19 cells conferred protection from 
Nutlin-3-induced apoptosis and growth arrest through activation 
of autophagy and inhibition of p53 signaling. Likewise, cells 
expressing both WT and Mut- Prom1 were protected from NADPH-
oxidase inhibitor--induced mitochondrial DNA damage. However, 
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sustained inhibition of autophagy sensitized both WT and Mut-Prom1 
expressing cells to Nutlin-3-induced RPE degeneration.
Conclusions: We demonstrate that Prom1-dependent autophagy flux 
contributes to the cytoprotection of RPE cells against irreparable 
mitochondrial DNA damage and apoptosis.
Commercial Relationships: Sujoy Bhattacharya, None; 
Jinggang Yin, None; Weihong Huo, None; Edward Chaum, None
Support: The Shulsky Foundation, New York, NY; an unrestricted 
UTHSC departmental grant from Research to Prevent Blindness, 
New York, NY

Program Number: 619 Poster Board Number: B0187
Presentation Time: 1:30 PM–3:15 PM
The human RPE-choroid in short term organ culture: evaluation 
of gene expression changes
Robert F. Mullins1, 2, S Scott Whitmore1, 2, Kathleen R. Chirco1, 2, 
Grefachew Workalemahu1, 2, Shemin Zeng1, 2, Adam P. DeLuca1, 2, 
XiuYing Liu1, 2, Jessica A. Penticoff1, 2, Luke A. Wiley1, 2, 
Edwin M. Stone1, 2, Budd Tucker1, 2. 1Ophthalmology and Visual 
Sciences, University of Iowa, Iowa City, IA; 2Wynn Institute for 
Vision Research, Iowa City, IA.
Purpose: Robust in vitro systems, employed to study the effects 
of disease-associated environmental insults on cellular physiology, 
offer excellent opportunities to understand the pathology of diseases 
such as age-related macular degeneration. Previous studies by us and 
others have shown ultrastructural preservation of RPE-choroid organ 
cultures after several days. In the current study we compared gene 
expression in freshly isolated and cultured tissues and cells.
Methods: Human donor eyes were obtained and utilized for: (a) RPE 
isolation, followed by either flash freezing (n=3 samples, donor 1) or 
7 days incubation on tissue culture plastic (n=3 samples, donor 1); or 
(b) RPE-choroid collection, followed by flash freezing (n=3 samples, 
donor 2) or 7 day organ culture (n=3 samples, donor 2). Total RNA 
was then isolated and transcript levels were determined using 
RNA-Seq (75 nucleotide paired-end reads of poly-A selected RNA). 
Sequencing reads were mapped to the human genome build hg19 
using Tophat2 and quantified using Rsubread. Differential expression 
analysis was performed using edgeR.
Results: RPE cells in organ cultures showed more similarity to the 
RPE in vivo than did RPE cells that were plated on tissue culture 
plastic. When expression of the RPE-specific genes RPE65, BEST1, 
and RLBP1 was evaluated, levels in isolated RPE cells on tissue 
culture plastic were reduced to 2%, 3% and <1% of uncultured cell 
levels, whereas in organ cultures these levels were 65%, 83% and 
25% of flash frozen samples, respectively. Cultured RPE-choroid also 
continued to express vascular endothelial cell-specific genes VWF, 
CDH5, CD34, and ICAM2 after 7 days of culture at similar levels to 
fresh tissue.
Conclusions: Human RPE-choroid organ cultures have relatively 
high fidelity of gene expression compared to primary cultures and 
retain viable RPE and endothelial cells at least up to 7 days in culture.
Commercial Relationships: Robert F. Mullins, None; 
S Scott Whitmore, None; Kathleen R. Chirco, None; 
Grefachew Workalemahu, None; Shemin Zeng, None; 
Adam P. DeLuca, None; XiuYing Liu, None; Jessica A. Penticoff, 
None; Luke A. Wiley, None; Edwin M. Stone, None; Budd Tucker, 
None
Support: NEI EY-024605, EY-026087, Research to Prevent 
Blindness, the Elmer and Sylvia Sramek Charitable Foundation
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Isolation of MERTK Enriched Phagosomes from RPE-J Cells 
Challenged with Bovine Outer Segments
Shameka Shelby, Rachelle Dorvilier. Chemistry, Biochemistry, & 
Physics, Florida Southern College, Lakeland, FL.
Purpose: Phagocytosis of photoreceptor outer segments is essential 
to the maintenance of retinal structure. Previous studies have 
implicated Mer receptor tyrosine kinase (MERTK) in the regulation 
of phagosome trafficking in the retinal pigment epithelium (RPE). As 
such the aim of this study was to develop a standard protocol for the 
isolation of MERTK enriched phagosomes from RPE cells to allow 
for efficient study of phagosome trafficking in vitro.
Methods: RPE-J cells cultured post confluence were challenged 
with photoreceptor outer segments isolated from bovine retinas. The 
cells were subjected to washes with PBS-EDTA and PBS, followed 
by mechanical lysis. The resulting homogenate was cleared by low 
speed centrifugation and subjected to fractionation in a discontinuous 
sucrose density gradient. Fractions were analyzed via immunoblots 
against rhodopsin, MERTK, and cathepsin D to identify fractions 
containing phagosomes. Enriched fractions were further washed and 
pelleted to obtain concentrated stocks of phagosomes.
Results: MERTK enriched phagosomes containing outer segments 
were obtained from the interface of 25% and 35% sucrose solutions 
using the isolation procedure. Expression of rhodopsin was confirmed 
by western analysis using antibodies that recognize the amino 
(4D2) and carboxyl termini (1D4) separately. Preprocathepsin D, 
procathepsin D, and mature cathepsin D expression was also seen in 
the isolated phagosomes.
Conclusions: The protocol we have developed will allow for the 
in vitro study of phagosomes from the RPE. Identification of outer 
segment phagosomes at the interface seen in this study differentiate 
the protocol from those isolating phagosomes from macrophages that 
have been challenged with glass beads. Immunoblots using rhodopsin 
and cathepsin D antibodies indicated that early, maturing, and late 
phagosomes were isolated. As MERTK signaling has been implicated 
in the regulation of phagosomal membrane trafficking, isolation of 
MERTK enriched phagosomes will provide a useful tool in studying 
protein interactions in the RPE that regulate membrane trafficking 
and maturation.
Commercial Relationships: Shameka Shelby, None; 
Rachelle Dorvilier, None
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Assessment of efficacy of Magnetofection transfection system in 
delivering genes to RPE cells, a novel transfection method for 
gene therapy in mouse model
Priyanka Priyadarshani, Shanu Markand, Jana T. Sellers, 
Jeffrey H. Boatright, J M. Nickerson. Ophthalmology, Emory 
University, Atlanta, GA.
Purpose: Gene therapy promises to be a viable and effective 
approach for the treatment of ocular disorders. Delivering nucleic 
acid at a specific target increases the activity at the desired area and 
improves precision of gene therapy thus allowing full exploitation of 
their potential in gene therapy application. However, it can be quite 
challenging to deliver and localize nucleic acids to the target safely 
and efficiently. The purpose of this study was to assess the level of 
transfection using a magnetofection system both in vitro in ARPE 19 
cells and in vivo through subretinal injection in the C57BL/6J mouse.
Methods: ARPE 19 cells were transfected with gWiz_GFP plasmid 
using LipoMag transfection reagent and Lipofectamine 3000 and 
were analyzed after 3-4 days of incubation. Cells transfected with 
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plasmid without transfection reagent were used as negative control. 
Three females and two males C57BL/6J mice eye at postnatal day 
75-80 were subretinally injected with gWiz_GFP plasmid mixed with 
PolyMag magnetofection transfection reagent. Right eye of each 
mouse was subretinally injected with reagents and the left eye was 
control uninjected eye. Concentration of each transfection reagent 
was used as per the manufacturer’s protocol. The final mixture 
complex was injected into the subretinal space. The expression of 
reporter gene was measured by fluorescence and immunoassay. 
SD-OCT and flatmount staining was used to analyze nucleic acid 
distribution and morphological changes after 4 days of subretinal 
injection.
Results: Confocal image analysis showed 20-50% increase in 
the transfection efficiency of magnetofection reagents compared 
to Lipofectamine. No visible transfection was seen negative 
control. Results from SD-OCT and flatmount staining showed 
that subretinally injected nucleic acid with the Magnetofection 
transfection system was retained at the magnetically targeted site.
Conclusions: We conclude that the delivery of nucleic acid with the 
aid of a paramagnetic transfection system, which can overcome the 
limitations of transfection efficiency, gene vector inactivation, and 
toxicity. Magnetofection allows high efficiency transfection of RPE 
cells in a directional manner from the subretinal space into the apical 
face of the RPE cells.
Commercial Relationships: Priyanka Priyadarshani, 
None; Shanu Markand, None; Jana T. Sellers, None; 
Jeffrey H. Boatright, None; J M. Nickerson, None
Support: Abraham J. & Phyllis Katz Foundation, NIH 
R01EY014026, R01EY021592, R01EY016470, VA RR&D C1924P 
I21RX001924, VA RR&D C9246C (Atlanta VA Center of Excellence 
in Vision and Neurocognitive Rehabilitation), P30EY006360, and 
an unrestricted grant to the Department of Ophthalmology at Emory 
University from Research to Prevent Blindness, Inc.
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COMPREHENSIVE ANALYSIS OF PTC-124 THERAPY FOR 
CHOROIDEREMIA
Simona Torriano1, Nejla Erkilic1, David Baux2, Valerie de Luca1, 
Nicholas Cereso1, Mariya Moosajee3, Christian P. Hamel1, 
Anne-Francoise Roux2, Vasiliki Kalatzis1. 1INM, Inserm U1051, 
Montpellier, France; 2IURC, Montpellier, France; 3UCL Institute of 
Ophthalmology, London, United Kingdom.
Purpose: Choroideremia (CHM) is a X-linked retinal dystrophy. 
The causative gene, CHM, encodes REP1, Rab escort protein-1. 
REP1 binds unprenylated Rab GTPases and presents them to the Rab 
generanylgeranyl transferase for prenylation, which renders them 
functional. Approximately 30% of all CHM patients carry a nonsense 
mutation. In these patients, REP1 is unstable, but the persistence 
of mRNA provides a template to test the efficiency of read-through 
drugs, such as PTC-124.
Methods: We assayed the efficiency of PTC-124 in fibroblasts 
from CHM patients carrying different nonsense codons (UGA, 
UAA, UAG) and in patient-specific induced pluripotent stem cell 
(iPSc)-derived retinal pigment epithelium (RPE). We evaluated the 
restoration of function by in vitro prenylation.
Results: In a few experiments, PTC-124 rescued prenylation by 
50% compared to untreated cells, but, surprisingly, in the majority of 
the experiments, treatment had a negative effect on the prenylation 
process. REP1 was never detected post-treatment. Furthermore, to 
exclude a detection threshold of our readout, we generated a CHM-
GFP fusion protein plasmid, which was mutated to introduce two 
of the three patient mutations. Transfected COS7 cells were treated 

with PTC-124 and FACS analysis of GFP expression did not detect a 
significant increase post-treatment. Given that the replacement of the 
premature stop codon by an amino acid is random, we hypothesised 
that if the mutation is situated in a highly conserved position or in an 
important functional domain, PTC-124 efficacy could be decreased. 
We therefore performed in silico predictions to assay the effect of 
such changes on REP1 stability. These predictions show that the 
mutations present in our patients concern highly conserved amino 
acid residues and changes are predicted to have deleterious effects on 
REP1, in accordance with what we observed in our human cellular 
models.
Conclusions: Although our results did not allow us to confirm the 
effectiveness of this drug, they do not suggest that PTC-124 is not 
effective in general. We are highlighting aspects that should be 
considered when using these kinds of pharmacological molecules. 
Many unexpected factors must be evaluated for any therapy; here we 
take into account some of the genetic factors that could affect a PTC-
124 therapy, with particular attention to Choroideremia.
Commercial Relationships: Simona Torriano, None; Nejla Erkilic, 
None; David Baux, None; Valerie de Luca, None; Nicholas Cereso, 
None; Mariya Moosajee, None; Christian P. Hamel, None; Anne-
Francoise Roux, None; Vasiliki Kalatzis, None
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Copy number variation in the inherited retinal degenerations
Kinga M. Bujakowska, Emily Place, Daniel Navarro-Gomez, 
Alex Mazzone, Matthew Maher, Eric A. Pierce. Ocular Genomics 
Institute, Massachusetts Eye and Ear Infirmary, Boston, MA.
Purpose: Inherited retinal degenerations (IRDs) are an important 
cause of blindness affecting over two million people worldwide. 
Even though IRDs are mostly monogenic, they are genetically 
heterogeneous with mutations in over 200 genes leading to disease. 
Despite substantial progress in sequencing and new disease gene 
discovery, current strategies can genetically solve only about 60% of 
IRD cases. The high number of unsolved cases can be attributed to 
the yet-unidentified genes, large insertion/deletions also called copy 
number variations (CNVs), and deep intronic mutations, which are 
not easily detected by targeted next-generation sequencing (NGS) 
approaches. The purpose of this study was to test the use of the read-
depth data from NGS to predict CNVs in the genetically unsolved 
patients.
Methods: The patients included in the study were recruited and 
clinically examined at the Massachusetts Eye and Ear Infirmary. 
Patients underwent a full ophthalmic examination and their DNA 
samples were studied by Genetic Eye Disease (GEDi) diagnostic test, 
SNP genotyping array, quantitative real-time PCR (qRT-PCR), PCR 
and Sanger sequencing. The read-depth NGS analysis was performed 
with two methods (Exome-Depth and an in-house algorithm). The 
study protocol adhered to the tenets of the Declaration of Helsinki 
and was approved by the Institutional Review Board. All subjects 
signed informed consent.
Results: 350 probands were sequenced with the same GEDi design 
(v5), of which 158 (45%) remained unsolved after the initial analysis 
of rare single nucleotide variants (SNVs) and small insertion/
deletions. NGS read-depth analysis of the unsolved patients predicted 
likely heterozygous deletions of the coding regions, matching rare 
SNVs in the same gene, in 37 probands (10%). Homozygous coding 
deletions were seen in 2 patients (0.6%) and heterozygous likely 
causal deletions in autosomal dominant genes were seen in 3 patients 
(0.9%). Deletions in USH2A were the most common (22%). An 
additional 27 patients (8%) were predicted to carry duplications of 
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the coding regions or deletions in the intronic regions. These were 
considered as low confidence CNVs and warrant further validation.
Conclusions: Analysis of a large IRD cohort indicate that CNVs are 
important contributors to the etiology of IRDs, being responsible for 
10-20% of genetic cases. Analysis of the NGS sequence depth proved 
to be a robust tool to predict CNVs.
Commercial Relationships: Kinga M. Bujakowska; Emily Place, 
None; Daniel Navarro-Gomez, None; Alex Mazzone, None; 
Matthew Maher, None; Eric A. Pierce, None
Support: National Eye Institute [EY012910 and P30EY014104 
(MEEI core support)], Research to Prevent Blindness, Foundation 
Fighting Blindness.
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Alpha-catenin is a novel marker for identifying abnormal 
morphology following surgical damage of the RPE
Kevin J. Donaldson1, Jana T. Sellers1, Jeffrey H. Boatright1, 2, 
J M. Nickerson1. 1Ophthalmology, Emory University, Atlanta, GA; 
2Atlanta VA Center of Excellence in Vision and Neurocognitive 
Rehabilitation, Atlanta, GA.
Purpose: Abnormal cell morphology in RPE is a hallmark of 
damage in retinal diseases such as rd10 and also appears following 
physical damage. Some recent gene and cell-mediated therapies have 
delivered directly to the subretinal space via injection. It is thought 
that this surgical injection is self-healing and relatively benign. 
However, upon closer analysis, there may be more surgical damage 
than previously thought. Typically, the tight junction protein ZO-1 is 
used to label the outline of individual RPE cell borders allowing for 
morphometric analysis to indicate damage. However, other junctional 
protein patterns, such as alpha-catenin, have not been adequately 
explored following subretinal injections to detect surgical damage.
Methods: RPE flatmounts from adult C57BL/6J mice were prepared 
8 days after either subretinal injection of Dulbecco’s PBS (n=5), or 
mock injection (n=5). Immunohistochemical staining was performed 
using antibodies against ZO-1 and Alpha-Catenin. Using ZO-1 
labeling to define cell borders, alpha-catenin surface area staining 
in confocal images was quantified with Cell Profiler. Correlation 
coefficients between multiple morphometric measurements and 
alpha-catenin staining area, as well as digitized RPE reconstructions, 
were performed using MATLAB.
Results: Abnormal RPE cell morphology persists for at least 8 
days following subretinal injection of an inert vehicle (PBS). The 
number of cells with widespread, cloud-like staining of alpha-
catenin is greatly increased in injected eyes compared to non-
injected. Additionally, alpha-catenin appearance is increased near 
injection sites vs away in injected eyes. In “undamaged” areas, 
ZO-1 and alpha-catenin are similar in labeling of cell borders in a 
collar-like fashion. RPE cell perimeter (ρ=0.86) and area (ρ=0.89) 
measurements are most positively correlated (Pearson correlation) 
with alpha catenin surface staining.
Conclusions: Damage occurs to RPE from subretinal injection and 
persists for at least 8 days following injection. This is longer than 
expected and could negatively contribute to therapeutic approaches 
using subretinal injections. Alpha-catenin is a novel marker for 
abnormal cell morphology following damage to the RPE. Without 
insult, alpha-catenin staining patterns mimic more traditional markers 
such as ZO-1, but greatly diverge in eyes with RPE damage.

Alpha-catenin staining (red) of RPE cell near injection site
Commercial Relationships: Kevin J. Donaldson, None; 
Jana T. Sellers, None; Jeffrey H. Boatright, None; J M. Nickerson, 
None
Support: Abraham J. & Phyllis Katz Foundation, NIH 
R01EY014026, R01EY021592, R01EY016470, VA RR&D C1924P 
I21RX001924, VA RR&D C9246C (Atlanta VA Center of Excellence 
in Vision and Neurocognitive Rehabilitation), P30EY006360, and 
an unrestricted grant to the Department of Ophthalmology at Emory 
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A human iPSc-derived RPE model of Retinitis Punctata 
Albescens
Krishna Damodar, Nejla Erkilic, Laurent GUILLOU, 
Daria Mamaeva, Marie Pequignot, Aude Conscience, 
Lorenne Robert, Philippe Brabet, Christian P. Hamel, 
Vasiliki Kalatzis. Inserm U1051, Montpellier, France.
Purpose: Retinitis Punctata Albescens (RPA) is caused by mutations 
in the RLBP1 gene, which codes for the visual cycle protein 
CRALBP. A CRALBP-deficiency results in a dysfunction of the 
retinal pigment epithelium (RPE) that leads to RPE and eventually 
photoreceptor death. An Rlbp1-deficient mouse model has been 
previously generated but it does not fully reproduce the disease 
course. As a complement to this in vivo model, we generated a 
human retinal model for RPA via the intermediate of patient induced 
pluripotent stem cells (iPSc).
Methods: We performed punch skin biopsies of three RPA patients 
carrying different mutations in the RLBP1 gene. The CRALBP-
deficient fibroblasts were reprogrammed into induced pluripotent 
stem cells (iPSc) using initially, retroviral and, subsequently, sendai 
viral vectors, carrying the Yamanaka transcription factor cocktail. 
The RPA iPSc were then differentiated into RPE using a spontaneous 
differentiation protocol.
Results: We obtained iPSc from the 3 RPA patients. We determined 
their pluripotency by qPCR analysis for the expression of Nanog, 
Sox-2, Lin 28 and Oct3-4 and by their ability to produce teratomas. 
We determined their genetic stability by karyotype analysis and 



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.

confirmed the presence of the original RLBP1 mutations by 
sequencing. The iPSc-derived RPE from RPA patients expresses 
characteristic RPE markers but lacks CRALBP. We mimicked the 
visual cycle by incubating the cells with vitamin A and showed 
that the RPA iPSc-derived RPE contains an accumulation of all-
transretinyl esters within the cells and a decrease in the production 
of 11 cis-retinal in the supernatant, as compared to control cells. 
In addition, transmission electron microscopy studies detected 
morphological differences between patient and control RPE.
Conclusions: This is the first iPSc-derived RPE model described for 
RPA. This model is a unique tool, as it will allow i) the direct study 
of disease pathophysiology and ii) the testing of novel therapies on 
the tissue actually affected in patients.
Commercial Relationships: Krishna Damodar, None; 
Nejla Erkilic, None; Laurent GUILLOU, None; Daria Mamaeva, 
None; Marie Pequignot, None; Aude Conscience, 
None; Lorenne Robert, None; Philippe Brabet, None; 
Christian P. Hamel, None; Vasiliki Kalatzis, None

Program Number: 626 Poster Board Number: B0194
Presentation Time: 1:30 PM–3:15 PM
Purification and Characterization of Recombinant Human 
Tyrosinase Related Protein 1
Kenneth L. Young II1, Monika Dolinksa1, Paul Wingfield2, 
Eugenia Poliakov1, Yuri V. Sergeev1. 1National Eye Institute, National 
Institutes of Health, Bethesda, MD; 2National Institute of Arthritis 
and Musculoskeletal and Skin Diseases, National Institutes of Health, 
Bethesda, MD.
Purpose: Human Tyrosinase Related Protein 1 (hTyrp1) is 
involved in the melanogenesis pathway and various mutations in its 
corresponding gene (TYRP1) have been linked to rufous albinism, 
also known as oculocutaneous albinism type 3 (OCA3), an autosomal 
recessive disorder. While hTyrp1 is an abundant glycoprotein 
expressed within melanocytes, the role/s in humans remains mostly 
enigmatic. Currently efforts to unravel hTyrp1 function have been 
restricted to melanocyte and murine model studies. Here, we 
purified and characterized recombinant hTyrp1 as well as the intra-
melanosomal domain of human tyrosinase related protein  
1 (hTyrp1tr).
Methods: Whole Trichoplusia ni (T. ni) larvae contained individually 
expressed recombinant hTyrp1 and hTyrp1tr. The membrane bound 
hTyrp1 was solubilized in the presence of 1% of Fos-Choline-12 
(Fos-C). The IMAC and size exclusion chromatography (SEC) were 
used in the purification process, where all buffers contained 0.1% 
Fos-C. hTyrp1tr was purified in the absence of detergent. The SEC 
and sedimentation equilibrium were used to access the oligomeric 
state of both proteins. In the presence and absence of 8M Urea, 
tryptophan fluoresence was measured to determine conformational 
state.
Results: Protein identity was confirmed using specific antibodies 
and mass spectrometry. The hTyrp1 polypeptide molecular weight of 
approximately 65 to 70 kDa was displayed through SDS-PAGE and 
confirmed by Western-Blot. The range of molecular mass is attributed 
to the variability in the protein glycosylation. In the SEC profile 
both, hTyrp1 and hTyrp1tr, were eluted as single peaks of monomeric 
proteins, at about 105 kDa and 63 kDA, respectively. The monomeric 
state of hTryp1tr was confirmed using sedimentation equilibrium. 
Tryptophan fluoresence demonstrates purified hTyrp1tr is in a folded 
conformational state. Both hTyrp1 and hTryp1tr fail to show oxidase 
activity yielding indole-2-carboxylic acid-5,6-quinone (IDCA) from 
dihydroxyindole-2-carboxylic acid (DHICA); although this activity 
has been confirmed in murine models.

Conclusions: Full-length hTyrp1 and hTyrp1tr were successfully 
overexpressed in T. ni larvae, solubilized, and purified. Purified 
recombinant hTryp1 will further elucidate its function in human 
melanocytes. Moreover, it remains pivotal for the search of suitable 
activators of mutant variants in treatment of genetic disorders, such 
as oculocutaneous albinism type 3.
Commercial Relationships: Kenneth L. Young II, None; 
Monika Dolinksa, None; Paul Wingfield, None; Eugenia Poliakov, 
None; Yuri V. Sergeev, None

Program Number: 627 Poster Board Number: B0195
Presentation Time: 1:30 PM–3:15 PM
The transcriptional activity of the retinal homeobox (Rax) gene 
product is dependent on conserved N- and C-terminal domains
Heithem M. El-Hodiri1, 2, Jessica L. Buescher1. 1Molecular & Human 
Genetics, Nationwide Children’s Research Institute, Columbus, OH; 
2Department of Pediatrics, The Ohio State University College of 
Medicine, Columbus, OH.
Purpose: The evolutionarily conserved retinal homeobox (Rax) 
transcription factor is essential for normal eye development in 
all vertebrates. Despite its biological significance, the molecular 
mechanisms underlying Rax molecular function as a transcriptional 
regulator are poorly defined. We hypothesized that conserved regions 
in the N-terminus (including the Octapeptide motif or OP), and the 
C-terminus (including the Orthopedia-Aristaless-Rax domain or 
OAR), modulate the transcriptional activity of Rax.
Methods: To test our hypothesis, we generated N- and C-terminal 
deletion and point mutations in Xenopus laevis rax.L using PCR-
based methods. We then examined the ability of mutated Rax to 
transcriptionally activate a rax-responsive luciferase reporter in 
HEK293T cells (presented as average luciferase units relative to 
empty vector ± standard deviation).
Results: Wild type Rax weakly activated the reporter (1.5 ± 0.037 
X). Deletion of the N-terminal 31 amino acids enhanced activity 
(2.7 ± 0.067 X, p<2.7 X 10-7) whereas mutation of the N-terminal 
OP (amino acids 32-39) resulted in unchanged activity (1.5 ± 0.017 
X, p<0.063). Moreover, consecutive deletion of the C-terminus 
generated a corresponding successive increase in transcriptional 
activity of Rax (2.0 ± 0.05 X, p<0.02, to 4.8 ± 0.14 X, p<1.6 X 10-9). 
Furthermore, the activity of Rax lacking the C-terminus (up to and 
including the OAR) was unaffected by simultaneous mutation of the 
OP (3.1 ± 0.056 X vs 3.1 ± 0.093 X, p<0.85).
Conclusions: Our data indicate that both positive and negative 
regulatory elements may be present in the Rax N-terminus while the 
C-terminus contains a strong repressive region which may function 
independently of the OP. These data support our hypothesis that 
the highly conserved OP and OAR influence Rax activity, but also 
indicate the surrounding divergent regions are equally influential. 
Taken together, these data provide insight into the structural features 
that regulate
Rax activity.
Commercial Relationships: Heithem M. El-Hodiri, None; 
Jessica L. Buescher, None
Support: NIH Grant EY015480
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Program Number: 628 Poster Board Number: B0196
Presentation Time: 1:30 PM–3:15 PM
Microarray transcriptome analysis of the inflammatory response 
of retinal pigment epithelial cells
William Samuel1, R K. Kutty1, Cynthia Jaworski1, Todd Duncan1,  
T. Michael Redmond1, Paul Wong2. 1Laboratory of Retinal Cell and 
Molecular Biology, National Eye Institute / National Institutes of 
Health, Bethesda, MD; 2Dept of Opthalmology, Emory University, 
Atlanta, GA.
Purpose: Dysfunction of retinal pigment epithelium (RPE) triggered 
by inflammatory responses may contribute to the pathology of 
age-related macular degeneration (AMD). We have shown earlier 
by qRT-PCR that RPE-derived ARPE-19 cells respond to the 
proinflammatory cytokines (PIC) IFN-Υ, TNF-α and IL-1β by 
decreasing the expression of many RPE-characteristic genes while 
altering the expression of many cytokines, chemokines, miRNAs 
and lncRNAs. We used the microarray technique to obtain a more 
comprehensive and global analysis of the response of RPE cells to 
PIC to better understand the inflammatory response.
Methods: ARPE-19 cells, grown for 4 months, displaying epithelial 
morphology and pigmentation, were treated with and without PIC: 
IFN-γ, 100 u/ml; IL-1β, 10 ng/ml; and TNF-α, 10 ng/ml. After  
4 days cells were harvested and RNA was isolated. Transcript levels 
were evaluated using Affymetrix microarray chips and analyzed with 
Partek Genomic Suite. Differentially expressed genes were defined 
as those having greater than 2-fold changes in expression levels and 
p-values < 0.05.
Results: Expression changes in genes up-regulated by PIC treatment 
largely corresponded to well-known actions of chemokines. Analysis 
of enriched Gene Ontology terms for cell components shows a 
marked up-regulation in genes of both MHC class I and class 
II protein complexes. Numerous up-regulated genes are among 
canonical receptor signaling pathways involving upstream CC 
chemokine receptors (CCRs) and Toll-like receptors (TLRs) coupled 
to STATs, IRF, and NF-kB. Genes that activate JAK-STAT cascades 
are also up-regulated. The biological process most down-regulated by 
PIC treatment is melanin biosynthesis; similarly, in Gene Ontology 
the most diminished cell component is the melanosome membrane. 
Significant but less dramatic down-regulation is seen for axon 
elements, photoreceptor outer segment, and Golgi lumen categories. 
Transcript levels for RPE65 and other visual cycle components are 
also broadly reduced.
Conclusions: In this study of differentiated ARPE-19 cells treated 
with PIC, previously described down-regulation of RPE signature 
genes is corroborated and expanded. With the identification of 
additional up- and down-regulated genes, this approach provides an 
efficient means for exploring mechanisms underlying inflammation-
induced loss of RPE features and identifies further candidates for 
in-depth analysis by other approaches.
Commercial Relationships: William Samuel; R K. Kutty, None; 
Cynthia Jaworski, None; Todd Duncan, None;  
T. Michael Redmond, None; Paul Wong, None

Program Number: 629 Poster Board Number: B0197
Presentation Time: 1:30 PM–3:15 PM
Evaluation of the efficiency and specificity of short variants of the 
human PDE6b promoter in photoreceptor-like cells in vitro and 
ex vivo
Caroline F. Peddle1, Harry O. Orlans1, 2, Michelle E. McClements1, 
Robert E. MacLaren1, 2. 1NDCN, University of Oxford, Oxford, 
United Kingdom; 2Oxford Eye Hospital, Oxford, United Kingdom.
Purpose: Retinitis pigmentosa (RP) describes a group of genetic 
diseases characterised by progressive loss of rod photoreceptor cells 

with accompanying visual impairment. The identification of a short 
rod-specific promoter has application in RP research as many pre-
clinical treatment strategies use adeno-associated viral (AAV) vectors 
which have a carrying capacity limited to around 4.8kb DNA. The 
PDE6B promoter has been shown to be rod cell specific and active 
in both human and mouse tissue. A short 146 bp region of PDE6B 
promoter has been identified which drives expression of a reporter 
gene in both Y-79 (human retinoblastoma) cells and Xenopus embryo 
heads. This study aims to evaluate the efficacy and specificity of two 
short regions of the PDE6B promoter through a direct comparison 
with both rod-specific and ubiquitous promoters in three cell types.
Methods: A 216 bp (-163 to +53) and a 158 bp (-108 to +53) region 
of the PDE6B promoter were amplified from human DNA and 
cloned into separate plasmids to drive expression of DsRed. Both 
plasmids were individually transfected into two human cell lines, 
retinoblastoma-derived WERI-Rb-1 cells and human embryonic 
kidney 293 cells, as well as dissociated retinal cells from Nrl-GFP 
mice (which express GFP in rod photoreceptors). DsRed expression 
(and GFP expression in the Nrl-GFP cells) was monitored over two 
weeks using fluorescence microscopy. RNA was extracted from 
all cell lines and DsRed expression was quantified using reverse 
transcription quantitative PCR. For all three cell types, DsRed 
expression under the PDE6B promoters was compared to that driven 
by the rod-cell specific human rhodopsin promoter (RHO), the 
ubiquitous CAG promoter, or no promoter, as well as that measured 
from untransfected samples.
Results: Both short variants of the PDE6B promoter were 
successfully transfected into all three cell types and resulted in DsRed 
expression both in vitro and ex vivo. In all cases, cells transfected 
with the CAG.DsRed plasmid demonstrated red fluorescence. Both 
rod-specific promoters showed reduced activity in the non-retinal 
HEK293 cells.
Conclusions: The PDE6B promoter is capable of driving expression 
in photoreceptor-like cells when utilising either a 158 bp or 216 bp 
fragment. These sequences therefore represent attractive potential 
candidates as promoters for use in AAV constructs for targeting rod 
cells.
Commercial Relationships: Caroline F. Peddle, None; 
Harry O. Orlans, None; Michelle E. McClements, None; 
Robert E. MacLaren, None
Support: Mabel Churn Scholarship at St Cross College, Oxford 
University. Oxford NIHR Biomedical Research Centre. Royal 
College of Surgeons of Edinburgh

Program Number: 630 Poster Board Number: B0198
Presentation Time: 1:30 PM–3:15 PM
Endogenous Components of RPE Cell Attachment to 
Extracellular Matrix Proteins
Sally Yacout1, Elizabeth R. Gaillard1, 2. 1Chemistry and Biochemistry, 
Northern Illinois University, Dekalb, IL; 2Biological Sciences, 
Northern Illinois University, Dekalb, IL.
Purpose: RPE cell attachment to extracellular matrix (ECM) proteins 
is critical to retinal health, however a number of extracellular 
and endogenous factors may perturb or enhance cell attachment, 
including modifications to ECM proteins and pigmentation. This 
study uses in vitro modeling to examine the role of the cytokine, 
interleukin-6 (IL-6) in RPE cell attachment to ECM proteins.
Methods: ARPE-19 derived ECMs were used. Matrices were 
glycated with either glycolaldehyde (GA) or methylglyoxal (MG). 
Control ECMs were treated with PBS. ARPE-19 cells were plated 
onto ECM coated plates or tissue culture treated (TCT) plates and 
harvested either 30 minutes or 24 hours after seeding. IL-6 expression 
was determined using qPCR and expression was evaluated relative to 
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cells plated onto TCT plates. Rate of cell attachment was evaluated 
over the course of one hour after seeding by hemocytometer 
counting of unattached cells. Mass spectrometry was used to identify 
modifications to cell-matrix attachment sites. Statistical analysis was 
performed using one-way or two-way ANOVA.
Results: 30 minutes after seeding, IL-6 expression was significantly 
induced in ARPE-19 cells seeded onto an unmodified matrix 
compared to cells seeded onto TCT plates (p ≤ 0.01) or glycated 
matrices (p ≤ 0.05). Cells seeded onto an unmodified matrix showed a 
3269±1597% increase in IL-6 expression, while cells seeded onto GA 
or MG modified matrices showed a 113±15% or 116±20% increase, 
respectively. 24 hours after seeding, a significant decrease in IL-6 
expression was observed in cells seeded onto unmodified or glycated 
matrices compared to cells seeded onto TCT plates (p ≤ 0.01,  
p ≤ 0.001). IL-6 expression in cells seeded onto an unmodified matrix 
decreased to 12±5% and to 4±1% and 8±2% in cells seeded onto 
GA or MG treated matrices. Over the course of an hour, a significant 
decrease in cell attachment was observed in cells seeded onto a 
glycated matrix versus cells seeded onto an unmodified matrix  
(p ≤ 0.0001).
Conclusions: IL-6 is significantly induced in RPE cells attaching 
to unmodified ECM proteins. Glycation of ECM proteins hinders 
the rate of cell attachment to these matrices. This evidence suggests 
that IL-6 may be a necessary factor in RPE cell attachment to ECM 
proteins. It is possible that endogenous factors such as pigmentation 
may also play a role in RPE cell adhesion and IL-6 expression and 
secretion may serve as a marker for cell attachment.
Commercial Relationships: Sally Yacout, None; 
Elizabeth R. Gaillard, None

Program Number: 631 Poster Board Number: B0199
Presentation Time: 1:30 PM–3:15 PM
Re-patterning of histone modifications and DNA methylation 
during RPE to retina reprogramming
Agustin Luz-Madrigal1, Erika Grajales-Esquivel1, 
Alexander McCorkle1, Leah Stetzel1, Sarah Kosse1, 
Panagiotis A. Tsonis2, Katia Del Rio-Tsonis1. 1Biology, Miami 
University, Oxford, OH; 2Biology, University of Dayton, Dayton, 
OH.
Purpose: The embryonic chick has the capacity to regenerate a 
complete neural retina after retinectomy via Retinal Pigmented 
Epithelium (RPE) reprogramming as long as a source of Fibroblast 
Growth Factor 2 (FGF2) is present. The RPE is “reset” and 
reprogrammed to give rise to a neuroepithelium that eventually 
differentiates to retina. We hypothesize that dynamic changes of 
DNA methylation/demethylation and histone modifications, primarily 
those found in “bivalent chromatin” (H3K4me3/ H3K27me3) are 
associated with the process of RPE reprogramming.
Methods: Retinectomies were performed at embryonic day 4 in the 
absence (injury only) or presence of FGF2, and eyes were collected 
at different times post-retinectomy (PR) to perform immunostaining 
and high-resolution three-dimensional (HR-3D) confocal microscopy. 
RPE was collected by laser capture microdissection (LCM) to 
perform RT-qPCR.
Results: RT-qPCR showed a transient downregulation of genes 
involved in DNA methylation (dnmt1, dnmt3a and dnmt3b), 
upregulation of the ten-eleven translocation enzyme-3 (tet-3) 
and prdm14 that are important for the process of demethylation 
and epigenetic reprogramming, respectively, and upregulation of 
enzymes involved in base excision repair (BER) and thymine DNA 
glycosylase (TDG) including gadd45α, gadd45β, gadd45γ and 
tdg. Interestingly, this differential gene expression was observed 
even in the absence of FGF2. Immunostaining pinpointed the 

presence of bivalent domains (H3K27me3/H3K4me2 or H3K4me3), 
5-methylcytosine (5mC), 5-hydroxymethylcytocine (5-hmC) and 
5-Carboxycytosine (5caC) in the developing chick RPE. Following 
RPE dedifferentiation, the nuclear distributions of these epigenetic 
signatures changed dynamically and continued through RPE 
reprogramming at 3 days PR in the presence of FGF2. At this 
time, repression marks such as H3K27me3 and 5-methylcytosine 
(5mC) decreased in the newly regenerated neuroepithelium, while 
activation marks persisted (H3K4me2 or H3K4me3) along with 5caC 
suggesting a process of demethylation during RPE reprogramming.
Conclusions: We demonstrate dynamic changes and re-distribution 
of epigenetic marks during chick RPE reprogramming. Further 
analysis by ChIP-seq and whole genome bisulfite sequencing 
(WGBS) will provide insights to understand the epigenetic 
reprogramming of RPE during the process of retina regeneration.
Commercial Relationships: Agustin Luz-Madrigal, None; 
Erika Grajales-Esquivel, None; Alexander McCorkle, None; 
Leah Stetzel, None; Sarah Kosse, None; Panagiotis A. Tsonis, 
None; Katia Del Rio-Tsonis, None
Support: NEI GO2695

Program Number: 632 Poster Board Number: B0200
Presentation Time: 1:30 PM–3:15 PM
Retina-specific molecular species (PC and PE) alterations by 
ablation of AdipoR1 or MFRP
Bokkyoo Jun, Marie-Audrey I. Kautzmann, Helen E. Hill, 
Uday B. Patel, William C. Gordon, Nicolas G. Bazan. Neuroscience 
Center, LSU Health Sciences Center, New Orleans, LA.
Purpose: We have shown that retinas of adiponectin receptor 1 
(AdipoR1) knockout (KO) mice and membrane frizzled-related 
protein (MFRP) KO mice have reduced docosahexaenoic acid 
(DHA) and very-long-chain polyunsaturated fatty acids (VLC-
PUFAs) contained in phoshatidylcholine (PC) molecular species. 
This led to retina degeneration. DHA is enriched in retina, and 
AdipoR1 and MFRP are involved in DHA uptake/retention in 
the retina, so we asked if molecular distribution of fatty acids in 
phosphatidylethanolamine (PE) follows a similar behavior. We also 
asked if PC and PE molecular species are affected by AdipoR1 KO 
and MFRP KO in a retina-specific fashion.
Methods: Lipids were extracted from retinas, brains, kidneys, livers 
and hearts from AdipoR1 KO, MFRP KO, and control mice. Liquid 
chromatography tandem mass spectrometry (LC-MS/MS) was used 
for the measurement of PC and PE molecular species. Naturally-
occurring isotope correction was done using self-made programs 
before distribution of PC and PE was calculated.
Results: In retina, both AdipoR1 KO and MFRP KO showed 
reduction of DHA-containing PC and PE, especially PC(44:12) and 
PE(44:12), which contain DHA for both sn1 and sn2. VLC-PUFAs 
(ranging from 32 to 38 carbons) occurred only in PCs. Arachidonic 
acid(AA)-containing PC and PE (PC(36:4),PE(38:4)) increased in the 
KO retinas, indicating AA replaced DHA in PC and PE. However, 
other organs did not show any differences among the groups.
Conclusions: The reduction of DHA and VLC-PUFAs in AdipoR1 
KO or MFRP KO in PC and PE molecular species is retina-specific. 
Even though AdipoR1 is expressed in other organs, including kidney, 
liver and brain, DHA uptake/retention in those organs was not 
affected by AdipoR1/MFRP ablation.
Commercial Relationships: Bokkyoo Jun, None; Marie-
Audrey I. Kautzmann, None; Helen E. Hill, None; Uday B. Patel, 
None; William C. Gordon, None; Nicolas G. Bazan, None
Support: Supported by NEI grant EY005121, NIGMS grant 
GM103340, the Eye, Ear, Nose and Throat Foundation (NGB), and 
Research to Prevent Blindness
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Program Number: 633 Poster Board Number: B0201
Presentation Time: 1:30 PM–3:15 PM
Intercompartmental transport of peripheral membrane proteins 
in rod photoreceptors
Nycole A. Maza, Peter D. Calvert. Ophthalmology, SUNY Upstate 
Medical University, Syracuse, NY.
Purpose: In retinal photoreceptors, peripheral membrane proteins are 
synthesized in the myoid region and then partition amongst the major 
photoreceptor compartments that subserve vision; the ciliary outer 
segment and the synapse. The mechanisms underlying translocation 
to and enrichment within these compartments have been the subject 
of intense investigation, but remain unclear. We examined the 
hypothesis that lipidated proteins enriched in the outer segment are 
in fact in constant turnover, and thus are capable of transport through 
the connecting cilium to the cell body.
Methods: A myristoyl (MYR) and/or farnesyl (FAR) transferase 
motif was added to photoactivatable GFP (PAGFP) with a 15aa 
polybasic (+), acidic (-), or neutral (0) charge domain in between. 
Each probe was placed under the control of the XOP promoter 
and expressed in Xenopus laevis rod photoreceptors via REMI 
transgenics. Retinas were harvested and protein dynamics were 
analyzed via live cell confocal microscopy and multiphoton 
fluorescence relaxation after photoactivation (mpFRAPa). Diffusion 
coefficients and equilibration times were calculated from mpFRAPa 
data. Two-tailed student T-test was used for statistical analysis.
Results: Photoactivation of lipidated PAGFP probes in the rod outer 
segment revealed that probes previously shown to be enriched in 
the outer segment are continuously transported into the cell body of 
the rod photoreceptor. Diffusion from the outer segment to the cell 
body was quantified and revealed that lipidated proteins equilibrate 
throughout the rod photoreceptor on the order of hours.
Conclusions: Despite clear enrichment within the major 
photoreceptor compartments, peripheral membrane proteins are 
not constrained to those compartments. This indicates that local 
enrichment is established through a dynamic equilibrium between 
local membrane binding and release into a soluble pool that is able to 
transport between compartments, and suggests that lipidated proteins 
are enriched in rod compartments on the basis of affinity for specific 
membrane compositions.
Commercial Relationships: Nycole A. Maza, None; 
Peter D. Calvert, None
Support: NIH Grant EY018421

Program Number: 634 Poster Board Number: B0202
Presentation Time: 1:30 PM–3:15 PM
Fine-mapping of the interaction between R-SNARE VAMP7 and 
ciliary targeting complex in rod photoreceptors
Vasundhara Kandachar1, Beatrice M. Tam2, Orson L. Moritz2, 
Dusanka Deretic1. 1Dept of Surgery, Division of Ophthalmolo, 
University of New Mexico School of Medicine, Albuquerque, NM; 
2Department of Ophthalmology and Visual Sciences, University of 
British Columbia, Vancouver, BC, Canada.
Purpose: The regulation of the uptake of R-SNARE VAMP7 into 
the RTCs targeted to the rod inner segment (RIS) plasma membrane 
to mediate the fusion of rhodopsin transport carriers (RTC) that 
deliver rhodopsin to the rod outer segment is unknown. The RTCs 
are directed to the RIS plasma membrane by the ciliary targeting 
complex comprising Rab11a, Rabin8 and Rab8 proteins. We have 
fine-mapped the interaction of VAMP7 with the components of the 
ciliary targeting complex.
Methods: Immunoprecipitation (IP) and GST pull-down experiments 
using post-nuclear supernatant from frog retinas were performed. 
Multiple constructs of GFP-VAMP7 fusion proteins were expressed 

in Xenopus laevis photoreceptors under the control of Xenopus 
rhodopsin promoter. Correlative light and electron microscopy 
(CLEM) was used to examine Xenopus retina expressing GFP-
VAMP7-R150E. A combination of proximity ligation assay (PLA) 
and in vitro protein interaction studies were used to identify the 
localization of VAMP7 and its interacting partners.
Results: VAMP7 consists of a regulatory longin domain (LD), a 
SNARE domain (SD) and a transmembrane domain. Our protein 
interaction studies revealed that VAMP7 binds to Rabin8 via its 
SD while it binds to activated Rab11-GTP and inactive Rab8-GDP 
through its LD. These interactions were observed in the Golgi 
on RTCs and the interaction with Rab8 was additionally seen in 
the proximity of RIS plasma membrane, as determined by PLA. 
Our interaction studies also revealed that VAMP7 does not bind 
to Rab11a while Rab11a is bound to its effector FIP3. CLEM 
analysis of Xenopus retina expressing GFP-VAMP7-R150E with 
the mutation in SD showed intracellular accumulation of the mutant 
protein in vesicular structures closely apposed to the mitochondria 
and accumulation of lysosomes. While this accumulation caused 
disruption of cellular architecture, photoreceptor cell death and retinal 
degeneration were not observed.
Conclusions: VAMP7 interacts with Rabs through its LD and 
with Rabin8 via its SD. VAMP7 binding to Rabin8 and Rab11a is 
reminiscent of the Rab11a-FIP3-Rabin8 dual effector complex with 
FIP3 replaced by VAMP7. The accumulation of the mutant GFP-
VAMP7-R150E in intracellular membranes suggests that the SNARE 
motif is involved in ciliary targeting.
Commercial Relationships: Vasundhara Kandachar, None; 
Beatrice M. Tam, None; Orson L. Moritz, None; Dusanka Deretic, 
None
Support: EY12421, CIHR-MOP64400, NSERC, Foundation 
Fighting Blindness-Canada

Program Number: 635 Poster Board Number: B0203
Presentation Time: 1:30 PM–3:15 PM
Gene signatures of single photoreceptor cells (PRCs) using 
microfluidic technology
Jessica Heap, Marie-Audrey I. Kautzmann, Nicolas G. Bazan. 
Neuroscience Center of Excellence, Louisiana State University 
School of Medicine, New Orleans, LA.
Purpose: Single-cell technologies reveal important heterogeneity 
within cell populations and provide insight into the molecular and 
biochemical dynamics within and among individual cells. Presently 
there remains limitations in applying these methods to irregularly 
shaped cells such as PRCs. Here we describe the successful isolation 
of single PRCs and their subsequent qPCR processing using 
microfluidic technology.
Methods: A cell suspension from dissociated wild type adult mouse 
retinas was prepared using 5 U/ml papain + 2mM EDTA + 2.7 
mM L-Cysteine for 5 min at 37 C, followed by trituration. After 
confirming the presence of PRCs using bright field microscopy 
and determining optimal cell concentration and buoyancy, 6uL of 
the cell suspension was loaded in the C1 (Fluidigm) for single-cell 
isolation. Successful capture of single PRCs, as well as some cell 
aggregates and outer segments, was observed using fluorescence 
from Hoechst and CalceinAM/Ethidium homodimer. The chip was 
then reloaded in the C1, which automatically performed cell lysis, 
reverse transcription of cell content and preamplification using retinal 
cell-specific primer pairs. The subsequent cDNA was loaded using 
the Juno (Fluidigm), followed by qPCR in the Biomark (Fluidigm).
Results: Expression of several known PRC biomarkers including 
Rhodopsin, Peripherin2, and S-Opsin confirmed that the majority of 
our cell captures consisted of rod PRCs, with only a few cone PRCs. 
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Furthermore, no expression of non-PRC retinal biomarkers such 
as Syntaxin1A, Calbindin, RLBP1 and PKC-alpha was detected. 
Principal component analysis and clustered heat maps revealed the 
presence of multiple unique gene expression profiles among the 
PRCs. In contrast, the cell aggregates showed high expression of the 
same PRC biomarkers, yet share a single gene expression profile.
Conclusions: We determined that a higher concentration of cDNA 
harvested from the C1 is required for optimal qPCR, however we 
demonstrate a successful method for single PRC capture and analysis 
using microfluidic technology. Importantly, our downstream analysis 
reveals unique gene signatures of single PRCs and shows how these 
expression profiles are lost in bulk cell analysis. Further investigation 
of the single PRC transcriptome is needed in order to fully understand 
the intra- and inter-cellular mechanisms and pathways which 
maintain homeostasis in these complex cells.
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An increase in proteolytic capacity delays photoreceptor loss in 
retinal degeneration
Ekaterina Lobanova, Stella Finkelstein, Nikolai Skiba, 
Vadim Y. Arshavsky. Duke Medical Center, Durham, NC.
Purpose: Inherited retinal diseases are caused by mutations in an 
unusually large number of genes. This makes them hard to study and 
treat. One of the approaches to overcome this complexity is to look 
for common pathobiological mechanisms unifying these diseases and 
to develop tools targeting these pathways. Our recent work revealed 
that proteasome overload, i.e. insufficient capacity of the ubiquitin-
proteasome system to process misfolded or mistargeted proteins, is a 
common stress factor in several mouse models of retinitis pigmentosa 
(Lobanova ES, et al, PNAS, 2013). In this work we tested the 
hypothesis that an increase of proteasome activity in rods might serve 
as an approach to treat these blinding conditions.
Methods: We generated two transgenic mouse lines overexpressing 
the components of proteasomal regulators specifically in rod 
photoreceptors. The first line overexpressed the PA28α protein, 
a component of the 11S regulator of proteasomal activity. The 
second line overexpressed PSMD11, a protein component of the 
19S proteasome regulator. Each line was crossed with two mouse 
models of retinal degeneration to assess the effect of increased 
proteasomal activity on retinal degeneration rate. The first model was 
the knockout of rod transducin γ-subunit (Lobanova et al., J Neurosci, 
2008). In this mouse, unpaired β-subunit of transducin cannot be 
properly folded in the absence of its cognate γ-subunit partner and is 
continuously targeted to proteasomes for degradation. In the second 
model (Sakami et al., J Biol Chem, 2011), one of the rhodopsin 
alleles is replaced by a dominant-negative mutant bearing the P23H 
point mutation. This causes destabilization of rhodopsin structure and 
its proteolytic degradation.
Results: We have found that 30-40% increase in photoreceptor 
proteasomal activity is well-tolerated and does not cause any adverse 
effects on photoreceptor health. Furthermore, we observed that an 
increase in photoreceptor proteolytic capacity significantly delays the 
progression of retinal degeneration in two mouse models.
Conclusions: Our data serves as proof of principle that an increase 
of photoreceptor proteolytic capacity is a promising approach 
for treating hereditary retinal degenerations and opens exciting 
opportunities for developing novel pharmaceutical approaches that 
manipulate proteostasis in affected cells.
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