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111 Retinal degeneration. Models and mechanisms
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Using pathway-specific reporter and direct conversion constructs 
to investigate Juvenile Neuronal Ceroid Lipofuscinosis
Lorenzo L. Lones, Erin R. Burnight, Dalyz Ochoa, 
Joseph C. Giacalone, Robert A. Madumba, Robert F. Mullins, 
Edwin M. Stone, Budd Tucker, Luke A. Wiley. Ophthalmology & 
Visual Sciences, University of Iowa, Iowa City, IA.
Purpose: Juvenile Neuronal Ceroid Lipofuscinosis (JNCL), or 
Batten disease, is a lysosomal storage disorder caused by mutations 
in CLN3 that cause blindness, central nervous system deterioration 
and death. Little is known about how genetic insults to CLN3 lead to 
accumulation of lysosomal aggregates or the mechanism of neuronal 
cell death. The purpose of this study is to generate fluorescent 
reporter constructs specific to pathways that we hypothesize to 
contribute to the pathophysiology of Batten disease.
Methods: We obtained dermal skin biopsies from two patients 
suspected clinically to have Batten disease. We isolated and 
cultured fibroblasts from each patient and used Sanger sequencing 
to molecularly confirm mutations in CLN3: patient 1 (1.02 kb del/
Leu101del3CTC) and patient 2 (1.02 kb del/1.02 kb del). We cloned 
lentiviral constructs harboring fluorescent reporter constructs for 
investigation of autophagy (LC3-GFP/RFP; LC3 turns from green to 
red due to acidic pH within lysosomes) and endoplasmic reticulum 
(ER)-mediated stress (CHOP-tRFP). Each vector carries a blastocidin 
selection cassette that is suitable for CLN3 patient-specific stable cell 
line establishment. We also cloned a lentiviral plasmid carrying the 
transcription factors ASCL1, BRN2 and MYT1L, previously published 
for use in transdifferentiation of fibroblasts into neurons. Lentiviral 
plasmids were transiently transfected via electroporation into human 
control dermal fibroblasts to test their function and response to 
autophagy- and ER stress-inducing pharmacological agents.
Results: Stimulation of autophagy via amino acid starvation lead 
to an increase in the ratio of LC3-RFP:LC3-GFP-postive punctae. 
Inhibition of autophagic flux using either bafilomycin-A1 or 
chloroquine decreased the number of LC3-RFP-positive punctae 
localized to lysosomes as anticipated. Expression of CHOP-tRFP was 
restricted to the nuclei of fibroblasts. Transfection of the lentiviral 
plasmid carrying ASCL1, BRN2 and MYT1L did not induce aberrant 
cell death.
Conclusions: Fibroblasts from Batten disease patients are viable, 
and control fibroblasts tolerate transfection with ASCL1, BRN2 
and MYT1L. Future experiments will test the ability of exogenous 
expression of these transcription factors to transdifferentiate CLN3 
patient fibroblasts into neurons and will utilize pathway-specific 
reporters to evaluate Batten disease pathophysiology.
Commercial Relationships: Lorenzo L. Lones, 
None; Erin R. Burnight, None; Dalyz Ochoa, None; 
Joseph C. Giacalone, None; Robert A. Madumba, None; 
Robert F. Mullins, None; Edwin M. Stone, None; Budd Tucker, 
None; Luke A. Wiley, None
Support: The Stephen A. Wynn Foundation
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The Joubert Syndrome cilia proteins arl13b and ahi1 
differentially modify the severity of retinal degeneration due to 
loss of cep290 in zebrafish
Ping Song1, Emma M. Lessieur1, Gabrielle C. Nivar2, 
Brian D. Perkins1. 1Ophthalmic Research, Cole Eye Inst, Cleveland 
Clinic Fndn, Cleveland, OH; 2School of Medicine, Case Western 
Reserve University, Cleveland, OH.
Purpose: Mutations CEP290 lead to diseases ranging from non-
syndromic blindness to severe, pleiotropic disorders affecting 
multiple organ systems degeneration. Variability in the resulting 
disease phenotypes, including retinal degeneration, cannot be 
explained by traditional genotype-phenotype correlations. The 
presence of genetic modifiers of CEP290 have been hypothesized 
to influence disease pathology. Zebrafish cep290-/- mutants undergo 
slow, progressive cone degeneration. The purpose of this study is to 
test the hypothesis that loss of cep290 sensitizes photoreceptors and 
heterozygous mutations in genes/proteins that functionally interact 
with Cep290 will accelerate degeneration.
Methods: Crosses from cep290+/-;ahi1+/- and cep290+/-;arl13+/- adults 
were used to generate offspring with desired phenotypes. Retinal 
cryosections from 5 day post fertilization (dpf) and 6-month old 
animals were stained peanut agglutinin (PNA) and zpr-1 to stain cone 
outer and inner segments, respectively, and with rhodopsin to label 
rod outer segments. The length and density per unit area of cone outer 
segments was quantified using ImageJ. Semi-thin retinal sections 
were examined by light microscopy.
Results: In 5 dpf larvae, rod and cone degeneration was more severe 
in cep290-/-;arl13b-/- mutants than cep290-/- and arl13b-/- single 
mutants. In 5 dpf cep290-/-;ahi1-/- mutants, cone degeneration was 
observed but rods were normal. At 6 months of age, cep290-/- mutants 
show mild thinning of the outer nuclear layer and a decrease in cones 
but degeneration was not accelerated in cep290-/-;arl13b+/- mutants.
Conclusions: These data suggest that Cep290 shares redundant 
functions with Arl13b and Ahi1 in OS biogenesis but arl13b does not 
function as a modifier of cep290 degeneration.
Commercial Relationships: Ping Song; Emma M. Lessieur, None; 
Gabrielle C. Nivar, None; Brian D. Perkins, None
Support: NH Grant R01 EY017037-11
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Rod photoreceptor-specific ablation of 
dehydrodolichyldiphosphate synthase (DHDDS) causes rapid 
retinal degeneration: A new model for arRP
Sriganesh Ramachandra Rao1, 2, Mark C. Butler3, 2, 
Delores A. Stacks4, Steven J. Pittler4, Jack M. Sullivan3, 2, 
Steven J. Fliesler5, 2. 1Biochemistry, SUNY- University at Buffalo, 
Buffalo, NY; 2Research Service, VA Western NY Healthcare 
System, Buffalo, NY; 3Ophthalmology, Physiology & Biophysics, 
Pharmacology & Toxicology, and Neuroscience Program,  
SUNY- University at Buffalo, Buffalo, NY; 4Optometry and Vision 
Science, University of Alabama, Birmingham, Birmingham, AL; 
5Ophthalmology, Biochemisty, & Neuroscience Program,  
SUNY- University at Buffalo, Buffalo, NY.
Purpose: DHDDS catalyzes cis-prenyl chain elongation to produce 
dolichylpyrophosphate, which is required for N-glycosylation of 
proteins (e.g., rhodopsin). Human mutations in DHDDS have been 
implicated in autosomal recessive Retinitis Pigmentosa (arRP). We 
examined the effects of rod-specific Dhdds ablation on the structural 
and electrophysiological function of the mouse retina.
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Methods: A floxed Dhdds construct (KOMP, U.C. Davis) was 
incorporated into mouse ES cells, and a Dhdds-flx/flx mouse 
(C57BL/6J) line was generated. These mice were crossed with 
Rho-Cre (iCre-75) mice (Jackson Labs) to generate a rod-specific 
Dhdds knockout line (rod-Dhdds-ko). Specificity and efficiency of 
cre recombinase expression and activity were verified by crossing 
Rho-Cre mice with loxP-STOP-loxP EGFP reporter mice (Jackson 
Labs). Electroretinography (ERG) and spectral domain-optical 
coherence tomography (SD-OCT) measurements were obtained from 
rod-Dhdds-ko and age-matched control C57BL/6J (n=3/group) mice 
between postnatal (PN) wk 4 and 6. Animals were euthanized, and 
tissues were harvested for histological and immunohistochemical 
analyses. Quantitative data (mean/S.D.) were statistically compared 
using Student’s t-test (significance: p≤0.05) or one-way ANOVA.
Results: Cre recombinase was active in >95% of rods by PN 4 wk. 
Outer nuclear layer (ONL) thickness (by SD-OCT) was comparable 
in both rod-Dhdds-ko and control mice at PN 4 wk. However, by PN 
5 wk, ONL thickness was reduced by ca. 50% in rod-Dhdds-ko mice; 
by PN 6 wk, only 1-2 ONL rows remained, with sparse anti-opsin 
immunoreactivity and little or no outer segments remaining. Scotopic 
and photopic ERG responses in rod-Dhdds-ko mice at PN 4 wk 
mice were comparable to controls, but were extinguished at all flash 
intensities by PN 6 wk.
Conclusions: Rod-specific Dhdds ablation did not compromise early 
postnatal retinal development, but caused rapid retinal degeneration 
between PN 4-6 wk. These findings underscore the importance of 
lipid-linked protein N-glycosylation in the retina, and present a new 
and potentially useful mouse model of arRP, e.g., for elucidation of 
pathobiology mechanisms, gene therapy preclinical studies, etc.
Commercial Relationships: Sriganesh Ramachandra Rao, None; 
Mark C. Butler, None; Delores A. Stacks, None; Steven J. Pittler, 
None; Jack M. Sullivan, None; Steven J. Fliesler, None
Support: NIH RO1 EY007361 (SJF); NIH R01 EY013433 
(JMS); NIH R01 EY018143 and NIH P30 EY003039 (SJP); RPB 
Unrestricted Grant (SJF, JMS); Fight for Sight Student Summer 
Fellowship (SRR); Dept. of Veterans Affairs (SJF, SRR, MCB, JMS); 
Research Career Scientist (SJF).
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Impaired photoreceptor functions in the NgBRR290H/R290H mouse
Rong Wen1, Eon Joo Park2, Ziqiang Guan3, Yiwen Li1, Yuan Kang1, 
Jianmin Lu1, Byron L. Lam1, William Sessa2. 1Bascom Palmer Eye 
Institute, University of Miami, Miami, FL; 2Vascular Biology & 
Therapeutics Program, Yale University, School of Medicine, New 
Haven, CT; 3Department of Biochemistry, Duke University Medical 
Center, Durham, NC.
Purpose: Nogo-B receptor (NgBR) is an essential component of the 
dolichol chain-elongation machinery. The R290H mutation of NgBR 
(NgBR-R290H) in human leads to generalized hypotonia, congenital 
scoliosis, central visual and hearing impairment, and early death. 
Liquid chromatography-mass spectrometry (LC-MS) analysis showed 
that dolichol profiles are shortened in individuals homozygous or 
heterozygous for NgBR-R290H. The present work investigates the 
functions of photoreceptors in the NgBRR290H/R290H mouse.
Methods: Genetically modified mice with NgBRR290H genotype were 
created by the knock-in (KI) technology. NgBRR290H/R290H mice are 
viable but die in 8-9 weeks. Scotopic full-field ERGs were recorded 
from an 8 week old NgBRR290H/R290H mouse and compared to an age-
matched wild-type (wt) animal. Eyes were collected from the mouse 
after ERG recording, embedded in an Epon/Araldite mixture, and 
sectioned at 1 µm thickness to display the entire retina along the 
vertical meridian, and examined by light microscopy (LM). Lipids 

were extracted from plasma and liver samples using a modified 
Bligh-Dyer method, and dolichol analysis was performed by LC-MS.
Results: The NgBRR290H/R290H genotype was confirmed by PCR. In the 
mutant mouse, the dolichol length distribution was one isoprene unit 
shorter thus dolichol 17 (D17) became the dominant species instead 
of dolichol 18 in wt animals. ERG recording showed that the a-wave 
was significantly reduced and the b-wave was flat in the mutant 
mouse. Surprisingly, the retinal structure remained to be normal in 
the NgBRR290H/R290H mouse under LM. Rod photoreceptors had normal 
outer and inner segments, and the outer nuclear layers (ONL) is of 
normal thickness.
Conclusions: NgBR-R290H mutation in mice leads to shortened 
dolichol length distribution and functional impairment of 
photoreceptors with significant reduced ERG a- and b-wave. But the 
retinal structure is rather normal. It is remarkable that these results, 
including dolichol profiling and ERG abnormalities are very similar 
to those found in from mice homozygous to the DHDDS-K42E 
mutation. Our results from the NgBRR290H/R290H mouse, along with 
similar findings from the DHDDSK42E/ K42E mice, strongly suggest that 
dolichols play significant roles in the functions of photoreceptors, 
including phototransduction and neurotransmission.
Commercial Relationships: Rong Wen, None; Eon Joo Park, 
None; Ziqiang Guan, None; Yiwen Li, None; Yuan Kang, None; 
Jianmin Lu, None; Byron L. Lam, None; William Sessa, None
Support: Supported by NIH grants R01EY023666, P30-EY014801, 
Adrienne Arsht Hope for Vision fund, and an unrestricted grant 
from Research to Prevent Blindness, Inc. RW is the recipient of the 
2015 Nelson Trust Award for Retinitis Pigmentosa from Research to 
Prevent Blindness, Inc.
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A Search for Common Pre-apoptotic Signals/Pathways in Mouse 
Models of Retinal Degeneration
Coco Ke Jiang1, Matthew Brooks1, Gökhan Karakülah1, Linn Gieser1, 
Jung-Woong Kim2, Alexis Boleda1, Anand Swaroop1. 1National Eye 
Institute, National Institutes of Health, Bethesda, MD; 2Department 
of Life Science, Chung-Ang University, Seoul, Korea (the Republic 
of).
Purpose: Inherited photoreceptor degenerations are characterized by 
progressive death of mutant photoreceptors (PRs). To date, mutations 
in over 220 genes that encode proteins with broad spectrum of 
biological roles in PRs have been associated with these genetically 
and phenotypically heterogeneous diseases, which remain largely 
incurable, and no effective treatment is as yet available. The mystery 
remains why disruptions in diverse classes of proteins eventually 
lead to PR death. It is unlikely that each different mutation has a 
unique mechanism/pathway in triggering PR cell death. A more 
parsimonious model is that there is one, or a few, critical genes or 
pathways altered by different mutation loci, whereby mutant PRs in 
each case adopt a pre-death status, leading to cell death (Swaroop 
et al. Nat Rev Neurosci 2010). Therefore, in seeking the ultimate 
cause of mutant PR death and, more importantly, a potential general 
therapy, we set the goal to identify convergent pre-apoptotic signals 
that determine the death fate of PRs, shared by different retinal 
degeneration (RD) models carrying distinct mutations of various 
classes.
Methods: We chose six RD mouse models in this study: Aipl1 KO, 
Rpgrip KO, Rd1 (Pde6brd1), Rd10 (Pde6brd10), Rd16 (Cep290rd16) and 
Rds (Prph2Rd2). Each mutant mouse was crossed to the Nrlp-EGFP 
mice to obtain a pure GFP+ rod population through cell sorting. 
Using next generation sequencing (RNAseq), the transcriptome 
profiles of mutant PRs were analyzed at various stages with focus 
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on early postnatal ages (prior to and during the early phase of 
generation). Age matched Nrlp-EGFP mice served as wild type 
controls.
Results: A total number of 133 samples were obtained and 
sequenced. The transcriptome profiles of each sample from different 
models at specific ages will be compared to each other and to wild 
type controls, aiming to identify common pre-apoptotic signals. The 
focus will be on genes or pathways showing similar dynamics (based 
on time and degeneration state) in different mutant PRs. We will take 
either the de novo approach, focusing on global network analysis 
by comparing each pair of samples, or take candidate gene group or 
pathway-based approach.
Conclusions: The identified pre-apoptotic signals might potentially 
be the convergent node in regulating mutant PR survival/death and 
might be used as target(s) for developing a common therapy for 
inherited photoreceptor degenerations.
Commercial Relationships: Coco Ke Jiang, None; 
Matthew Brooks, None; Gökhan Karakülah, None; Linn Gieser, 
None; Jung-Woong Kim, None; Alexis Boleda, None; 
Anand Swaroop, None
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Early photoreceptor cell impairment upon AdipoR1 genetic 
ablation
William C. Gordon, Nicolas G. Bazan. Ophthalmology & 
Neuroscience Center, LSU Health Sciences Center,  
New Orleans, LA.
Purpose: Adiponectin receptor 1 (AdipoR1) is associated with 
docosahexaenoic acid (DHA) uptake/incorporation by RPE 
and photoreceptors, acting as a switch to maintain homeostatic 
concentrations of DHA. Thus, nonfunctional AdipoR1 leads to 
greatly diminished DHA levels and gradual photoreceptor death. 
Mass spec analysis has demonstrated that all DHA-containing 
phosphatidylcholines of 42 to 60 carbons are virtually absent from 
AdipoR1-/- retinas and reduced by 50-75% of AdipoR1+/+ in RPE. 
This study describes the onset of photoreceptor degeneration in the 
AdipoR1-/- mouse.
Methods: AdipoR1+/+ and AdipoR1-/- eyes were collected, corneas 
slit, and immersed in Karnovsky’s fixative. Eyecups were post-fixed 
in OsO4, dehydrated, and plastic embedded. Thick sections were 
toluidine blue-contrasted and oriented for EM. Silver-gold sections 
were contrasted with lead and uranium salts, and imaged with  
a JEOL EM.
Results: Analysis of AdipoR1-/- retinas by OCT and histology 
showed noticeable reduction in outer nuclear layer (ONL) thickness 
and photoreceptor nuclei by 1 month, with degeneration complete 
at 8 months. Only cone nuclei remained as a single row. Histology 
of P21 AdipoR1-/- retinas by light and EM showed variable time of 
onset and/or degeneration rate; the ONL thickness of some was 9-10 
nuclei (11-12 is normal) with inner-outer segment layer thickness 
equal to or greater than the ONL; others had 8-9 nuclei and inner-
outer segment thickness less than that of the ONL. Muller cells 
formed wide cytoplasmic spaces containing dark condensed material 
between the nuclear columns, and dark, condensed nuclei occurred 
loosely scattered within the inner-outer segments. Occasional thin 
columns of mixed nuclei extended from RPE to the ONL. EM 
showed healthy mitochondria, typical connecting cilia, normal-
appearing basal disks, and organized disk stacks.
Conclusions: Lack of a functional AdipoR1 gene prevents retinal 
DHA accumulation, triggering photoreceptor loss by two separate 
means: inner-outer segments are gradually reduced uniformly across 
the retina as RPE clears distal debris; nuclei and related ONL material 

is slowly eliminated by Muller cells. Migrating cells also enter the 
inner-outer segment layer. Rod nuclei are eliminated from the ONL, 
but cone nuclei are retained, supporting the idea that DHA is required 
for rod homeostasis, but not that of cones.
Commercial Relationships: 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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Variable cone dysfunction and progressive ophthalmoscopic 
changes in a canine model of RPGRIP1 and MAP9 multigenic 
cone-rod dystrophy
Keiko Miyadera1, Felipe P. Marinho2, Kendra McDaid2, 
Valerie L. Dufour2, Simone Iwabe1, Gautami Das1, 
Gustavo D. Aguirre1. 1Clinical Studies - Philadelphia, University 
of Pennsylvania, School of Veterinary Medicine, Philadelphia, PA; 
2RDSF, University of Pennsylvania, School of Veterinary Medicine, 
Kennett Square, PA.
Purpose: A canine multigenic model of cone-rod dystrophy (cord1) 
has been associated with mutations in RPGRIP1 and MAP9, but 
prediction of the disease course has remained challenging. None 
of the RPGRIP1ins/ins animals in the current research colony has 
developed clinical blindness, but some show defective cone ERG 
response. To understand the phenotypic spectrum of cord1, we 
studied in vivo retinal function and structure in genotype-ascertained 
animals.
Methods: Sixty-four dogs from a purpose-bred research colony, 
genotyped for the known RPGRIP1 and MAP9 mutations, underwent 
periodic ophthalmic examinations and full-field ERGs. Visually-
guided behavior was tested using an obstacle course under different 
illuminations. To assess individual L/M- and S-cone functions, light-
adapted chromatic ERGs were done using color flashes of increasing 
intensity on different color background light. Fundus was imaged in 
vivo using confocal scanning laser ophthalmoscope/spectral-domain 
optical coherence tomography (OCT).
Results: Cone-derived ERG responses ranged from absent, reduced, 
to normal across RPGRIP1ins/ins animals of all MAP9 genotypes. 
Both L/M- and S-cones were equally affected in the animals tested, 
and rod-derived ERGs were normal in all animals. Visually-guided 
behavior in RPGRIP1ins/insMAP9+/del littermates that showed normal- 
or absent-cone ERG function revealed comparable performance at 
all light conditions. These functional phenotypes remained stable 
for up to 5 years. The RPGRIP1ins/ins progeny in the current colony 
showed normal retinas in the early years of life, but, with age, 
some developed coalescing dark discoloration that extended from 
the periphery. As well, OCT was normal in younger animals, but 
progressive ONL thinning was observed among some older absent-
cone ERG mutants. Significant variation in ophthalmoscopic and 
OCT imaging was observed and the double homozygotes tended to 
show earlier onset and faster progression.
Conclusions: RPGRIP1ins/ins animals show a broad clinical spectrum 
independent of the MAP9 status. While the two homozygous gene 
mutations have been associated with cord1, neither mutation by itself 
leads to any specific phenotype, and involvement of other genetic 
factors are indicated.
Commercial Relationships: Keiko Miyadera, None; 
Felipe P. Marinho, None; Kendra McDaid, None; 
Valerie L. Dufour, None; Simone Iwabe, None; Gautami Das, 
None; Gustavo D. Aguirre, None



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.

Support: NIH Grant EY06855 and EY017549; Foundation Fighting 
Blindness; URF-UPenn; Van Sloan Foundation
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Usher Syndrome protein, CIB2, is essential for murine retinal 
sensory cells maintenance and function
Saumil Sethna1, 2, Patrick A. Scott3, Arnaud Giese1, Mary A. Johnson2, 
Saima Riazuddin1, Steven L. Bernstein2, Maureen A. McCall3, 
Zubair Ahmed1, 2. 1Otorhinolaryngology - Head and Neck Surgery, 
UM-Baltimore, Baltimore, MD; 2Opthalomology, UM-Baltimore, 
Baltimore, MD; 3Ophthalmology and Visual Sciences, University of 
Louisville, Louisville, KY.
Purpose: Previously, we identified missense allele of CIB2, encoding 
the calcium and integrin binding protein 2, responsible for Usher 
syndrome type I (autosomal recessive deaf-blindness) in a large 
human family. In the mouse retina, CIB2 expression was found 
within the retinal pigment epithelium (RPE) amongst other retinal 
cell types. Here, we developed and characterized a mouse model to 
understand the function and subcellular localization of the CIB2 in 
the eye.
Methods: Subcellular localization of CIB2 in the retina was 
determined by immunogold electron microscopy. Visual deficits were 
determined by temporal electroretinogram (ERG) at 1, 3, 6, and 9 
mth in Cib2ko/ko and control mice. Light microscopy and transmission 
electron microscopy (TEM) on 8 mth old mice ascertained retinal 
pathology. We quantified the circadian, LC3-associated phagocytosis 
(LAP) of photoreceptor (PR) outer segments (OS) in the RPE, in 
situ, using localization of opsin-phagosomes in whole mount RPE. 
Statistics: One-way ANOVA or student’s t-test.
Results: CIB2 antibody-coated gold particles were concentrated 
within RPE subcellular structures called retinosomes and within 
interphotoreceptor matrix (IPM). We found age-dependent decline 
in the ERG a- and b-waves amplitude between Cib2ko/+ and Cib2ko/

ko mice as compared to WT. Light microscopy reveled no gross 
damage and thickness of OS and PR nuclear layers (p<0.05) were 
comparable in WT, Cib2ko/+, and Cib2ko/ko mice at 8 mths. However, 
at 8 mths, TEM micrographs showed accumulation of large vacuoles 
in RPE of Cib2ko/+ and Cib2ko/ko mutant mice but not in WT mice. In 3 
mth old mice, at 8 and 12 hrs after light onset we found significantly 
more opsin-phagosomes in Cib2ko/+ and Cib2ko/ko mutant RPE cells as 
compare to WT, but similar number of phagosomes at 1 hr after light 
onset.
Conclusions: Loss of CIB2 leads to progressive blindness in mice 
without degeneration of PR due to dysregulation of LAP leading 
to aberrant visual cycle (VS). Expanded retinosomes, likely due to 
accumulation of VS byproducts, appear as vacuoles in TEM images. 
This is the first mouse model which replicates human USH retinal 
phenotype. Currently, we are investigating Ca2+ signaling pathways 
dysregulation in Cib2 mutant mice.
Commercial Relationships: Saumil Sethna; Patrick A. Scott, 
None; Arnaud Giese, None; Mary A. Johnson, None; 
Saima Riazuddin, None; Steven L. Bernstein, None; 
Maureen A. McCall, None; Zubair Ahmed, None
Support: Loris Rich Scholar, International Retinal Research 
Foundation
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Lasting effects of prenatal marijuana exposure on the retina: an 
experimental study in mice
paulo zantut1, Walter Takahashi1, Victor Yariwake2, Janaina Torres2, 
Ricardo Pecora3, Angélica Safatle3, Mariana Veras2, 
Francisco Damico1. 1Ophthalmology Department, Medicine School 
University of Sao Paulo, São Paulo, Brazil; 2Pathology, School 
of Medicine, Sao Paulo, Brazil; 3Surgery, School of Veterinary 
Medicine, Sao Paulo, Brazil.
Purpose: Prenatal exposure to drugs is a worldwide growing 
problem. Research into the impact of marijuana use during pregnancy 
has focused primarily on brain development and cognitive outcomes 
in the offspring. Besides its localization, the retina is part of the 
central nervous system, however little is known about the impacts 
maternal cannabis use on retina development and its potential 
postnatal consequences. We hypothesized that recreational use of 
marijuana during pregnancy alters retina structure in the offspring 
and changes are age-dependent. To test this we developed a murine 
model that mimics human exposures in terms of dose and use.
Methods: This study was approved by the Ethics Committee of the 
University of São Paulo. Pregnant BalbC mice were exposed (nose-
only) daily during 5min to either marijuana smoke [0.2g of Cannabis] 
or filtered air from gestational day 5 to18 (n=10/group). Outside 
exposure period, animals were kept in ventilated cage system with 
food and water ad libitum (Temp=21oC, 12/12-h light/dark cycle). 
After weaning period, male and female pups were separated and 
weekly clinically examined. At 3, 6 and 12 months of age, 5 females 
and 5 males were randomly selected from each group for SD-OCT 
analysis of the retina. During the exams, mice were anesthetized by 
subcutaneous injection of ketamine and xylazine, pupils dilated with 
tropicamide eye drops. Retina layers were measured (NFL+RGCL, 
IPL, INL, OPL, IS/OS, RPE) and the inner, outer and total retina 
thickness calculated. Means and SEM were calculated and a 
MANOVA were performed to resolve the main effects of gestational 
exposure, gender, age and to check if there are interaction effects. 
Null hypotheses were rejected at a probability level of P= 0.05.
Results: Our data show that the retina of animals exposed prenatally 
to marijuana are thinner (p=0.02, less 12%), this is due to significant 
reduction in the inner retina (p=0.015). There are an interaction effect 
of age and exposure for these outcomes. This suggests that as animals 
get older the retina becomes thinner. Detailed examination of the 
inner retina layers reveals that the thickness of INL are significantly 
reduced, age and exposure are the determinant factors (p=0.007).
Conclusions: In summary, we have shown for the first time that 
gestational exposure to marijuana smoke may have lasting effects on 
the structure of the retina and these alterations seem to progress with 
age.
Commercial Relationships: paulo zantut, None; 
Walter Takahashi, None; Victor Yariwake, None; Janaina Torres, 
None; Ricardo Pecora, None; Angélica Safatle, None; 
Mariana Veras, None; Francisco Damico, None
Support: CNPq Universal #448243/2014-8
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The Complement System is required in maintaining retinal 
function
Ryo Mukai, Yoko Okunuki, Garrett Klokman, Saori Inafuku, 
Clifford Kim, Dongho Park, Deeba Husain, Kip M. Connor. 
Ophthalmology, Massachusetts Eye and Ear Infirmary, Boston, MA.
Purpose: The complement system is a hub-like surveillance network 
of the innate immune system that plays a vital role in the modulation 
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of immune and inflammatory responses. In addition to the well-
established actions of complement in the elimination of pathogens, 
the complement system has recently been implicated in a variety of 
pathophysiological processes, including photoreceptor degeneration 
and vascular regression. However, to date, the role of the complement 
system in the normal healthy retina is largely unknown. We tested 
the hypothesis that the complement system (classic, alternative, and 
mannose binding lectin pathways) might play an important role in 
retinal homeostasis.
Methods: Using young (6 week-old) and adult (6 month-old) mice 
in both wild type (C57BL/6) and complement knockout strains 
(C1q-/-, Mbl-/-, Fb-/-, C3-/-, and C5-/-), we compared amplitudes of 
electroretinograms and thickness of retinal layers with spectral 
domain optical coherence tomography between young and adult 
mice. Additionally, we also assessed retinal architecture in these 
animals by light and electron microscopy.
Results: There were no significant differences in amplitude or 
thickness of the inner nuclear layer (INL) between young and 
adult C57BL/6 mice. However, the amplitudes in old mice were 
significantly decreased compared to that of young mice in all 
complement knockout strains (a-wave: C1q-/- p<0.001, Mbl-/- p 
<0.0001, Fb-/- p <0.0001, C3--/ p <0.0001, and C5-/- p <0.0001; 
b-wave: C1q-/- p<0.0001, Mbl-/- p <0.0001, Fb-/- p <0.0001, C3--/ p 
<0.0001, and C5-/- p <0.0001), and there were significant decreases 
in INL thickness in adult compared to young mice in all complement 
knockout strains (p <0.0001 in all strains). INL thinning was 
observed in C1q-/- and C3-/- strains at the age of 6 months compared to 
6 weeks in light microscopy. In electron microscopy, dense fractions 
in the outer plexiform layer, which suggests destruction of synapses 
between photoreceptor cells and bipolar cells, were observed in  
Mbl-/-, Fb-/-, C3-/-, and C5-/- in both young and old mice. Additionally, 
at the age of six months basal lamina deposits were observed in Fb-/- 
strain, and RPE proliferation and attenuation in C5-/- strain.
Conclusions: These data suggest that the complement system is 
vital to maintaining retinal homeostasis and that deficiency in the 
complement system can lead to a loss of normal retinal integrity.
Commercial Relationships: Ryo Mukai; Yoko Okunuki, None; 
Garrett Klokman, None; Saori Inafuku, None; Clifford Kim, 
None; Dongho Park, None; Deeba Husain, None; Kip M. Connor, 
Achillion (F), OMEICOS (F), OMEICOS (C), MEEI (P)
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Progression of photoreceptor degeneration in a porcine model of 
retinitis pigmentosa
Wankun Xie1, Min Zhao1, Shu-Huai Tsai1, Travis W. Hein1, 2, 
Lih Kuo1, 2, Robert H. Rosa2, 1. 1Surgery and Medical Physiology, 
Texas A&M University Health Science Center, Temple, TX; 
2Ophthalmology, Baylor Scott & White Eye Institute, Temple, TX.
Purpose: Retinitis pigmentosa (RP) is a group of inherited diseases 
that cause severe visual dysfunction due to progressive degeneration 
of the photoreceptors. A Pro23His rhodopsin transgenic (TgP23H) 
pig model of RP was recently developed; however, the information 
on the temporal correlation between functional/morphological 
changes and alterations in photoreceptor gene expression remains 
limited. Herein, we tracked the changes in retinal function and in 
vivo and ex vivo morphology, and then correlated function-histology 
with photoreceptor gene expression at various timepoints after birth 
in TgP23H pigs.
Methods: TgP23H and wild type (Wt) hybrid pig littermates were 
obtained from the National Swine Resource and Research Center. 
Full-field electroretinography (ERG) and spectral domain optical 
coherence tomography (SD-OCT) were used to evaluate the retinal 

function and in vivo retinal morphology, respectively, every 15 
days between postnatal days (P) 30 and 120. Retinal histology was 
evaluated by light microscopy of plastic-embedded sections and 
the photoreceptor-specific gene expression in the retinal tissue was 
assessed by real time RT-PCR. Retinal function, morphology, and 
photoreceptor gene expression were correlated with time.
Results: In TgP23H pigs, the mean a- and b-wave amplitudes at 
a stimulus intensity of 3.0 cd●s●m-2 were not altered before P45; 
however, both amplitudes decreased by approximately 70% under 
photopic and scotopic conditions between P45 and P120. SD-OCT 
and light microscopy revealed a significant decrease in outer nuclear 
layer (ONL) thickness by 80% and 70%, respectively, between P45 
and P120. The number of photoreceptor nuclei in the ONL measured 
by light microscopy was significantly decreased by 75% between P45 
and P120. The mRNA expression of rhodopsin, recoverin, phosducin, 
and neural retinal leucine zipper reached a peak level at P60 and 
rapidly decreased by 90%, 76%, 57% and 96%, respectively, between 
P60 and P120.
Conclusions: In this study, we longitudinally characterized the 
progression of photoreceptor degeneration using functional, 
morphological, and molecular assays in a large animal model of 
inherited retinal degeneration. The photoreceptors degenerate at a fast 
rate between P45 and P120 in the TgP23H pig, as measured by ERG, 
SD-OCT, and histology. The reduction in photoreceptor-specific 
gene expression appeared to lag behind the ERG and morphologic 
alterations until after P60.
Commercial Relationships: Wankun Xie, None; Min Zhao, None; 
Shu-Huai Tsai, None; Travis W. Hein, None; Lih Kuo, None; 
Robert H. Rosa, None
Support: Baylor Scott&White Healthcare Foundation

Program Number: 275 Poster Board Number: B0328
Presentation Time: 8:30 AM–10:15 AM
ERG Analysis of the Murine GARP2 Knockout: Abnormal 
Retinal Function
Delores A. Stacks1, Marci L. DeRamus1, Carrie E. Huisingh2, 
Gerald McGwin3, Timothy W. Kraft1, Steven J. Pittler1. 1Department 
of Optometry and Vision Science, University of Alabama at 
Birmingham, Birmingham, AL; 2Ophthalmology, UAB, Birmingham, 
AL; 3Epidemiology, University of Alabama at Birmingham, 
Birmingham, AL.
Purpose: Glutamic acid-rich protein, GARP2, is the most abundantly 
expressed of three photoreceptor (PR) proteins encoded by the 
Cngb1 locus which also encodes GARP1, and the β-subunit 
of the cyclic nucleotide-gated cation channel. In our GARP2 
knockout mice (GARP2-KO), we previously reported changes in 
the appearance of the retinal pigment epithelium (RPE) including 
displaced melanosomes and regional perturbations in the PR/RPE 
interdigitation zone, in which the PR outer segments appear longer 
and parallel to the RPE microvillus processes. Here, we tested for 
electrophysiological consequences of the observed morphologic 
changes.
Methods: All testing was done on 3-month-old WT (n=8) and 
GARP2-KO (n=9) mice on a C57Bl/6J background. Functional 
testing included scotopic ERG with increasing flash intensities, 
photopic ERG to a saturating flash, scotopic and photopic flicker 
ERG, and scotopic c-wave. Phototransduction gain, critical flicker 
fusion threshold (CFF), stimulus required to evoke half maximum 
response (I50), and c-wave area analyses were performed in IgorPro 
6 with Wilcoxon ranked sum statistics performed with SAS software 
(significance p ≤ 0.05).
Results: Scotopic a- and b- waves were reduced 33% and 50% 
respectively in the GARP2-KO (a: 256±91 µV, b: 499±183 µV) 
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compared to WT (a:384±112 µV, b: 990±225 µV). Photopic a- and 
b-waves were also reduced (a: GARP2-KO 128±51 µV, WT 208±68 
µV; b: GARP2-KO 168±59 µV, WT 428±128 µV). Assuming 
linearity between b-wave amplitude and area under the c-wave curve, 
a significant reduction in c-wave was observed in the GARP2-KO 
for two scotopic intensities (by 23% and 28% respectively). Scotopic 
CFF was reduced by 29.4% in GARP2-KO (15.1 ± 1.4 Hz) vs WT 
(21.4 ± 2.6 Hz). No significant changes were observed in gain, 
photopic CFF, or the I50.
Conclusions: Our results are consistent with a GARP2 role in 
modulating PR responses. Although there is likely some damage to 
the cone-driven circuits (loss of photopic a-, and b-wave maximum 
amplitudes) the threshold detection of flicker (photopic CFF) is 
maintained. The rod signaling pathway seems to be more affected, 
indicated by the significantly reduced scotopic CFF. Reduced 
c-waves in the GARP2-KO indicate that GARP2 may also affect 
RPE/PR potassium ion flow, particularly under conditions where the 
PR response is primarily rod-driven.
Commercial Relationships: Delores A. Stacks; 
Marci L. DeRamus, None; Carrie E. Huisingh, None; 
Gerald McGwin, None; Timothy W. Kraft, None; 
Steven J. Pittler, None
Support: NIH R01 EY018143 and NIH P30 EY003039
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Presentation Time: 8:30 AM–10:15 AM
Functional and Morphological Characteristics of Three Mouse 
Models for X-Linked Juvenile Retinoschisis
Junzo Kinoshita2, Yang Liu1, Jingtai Cao1, Brent A. Bell2, 
Carl Romano1, Neal S. Peachey2, 3. 1Ophthalmology, Regeneron 
Pharmaceuticals Inc., Tarrytown, NY; 2Cole Eye Institute, Cleveland 
Clinic Foundation, Cleveland, OH; 3Louis Stokes Cleveland VA 
Medical Center, Cleveland, OH.
Purpose: To characterize the retinal phenotype of a series of mouse 
models for X-linked retinoschisis (XLRS). These models include a 
knock-out (KO) of retinoschisin (Rs1) and two knock-in mutants for 
two human disease-causing point mutations (C59S, R141C).
Methods: Outer retinal function was evaluated by dark-adapted 
(DA-) and light-adapted (LA-) full-field electroretinograms (ERGs). 
Retinal architecture was assessed by optical coherence tomography 
(OCT).
Results: In comparison to wild type control, the DA-ERG b-wave 
was greatly diminished in Rs1-/Y hemizygous KO males and Rs1-/-

 homozygous females. The DA-ERG a-wave was also reduced in 
amplitude. DA-ERG results were similar in the two point mutant 
models. The LA-ERG was also reduced in each of the Rs1 mutants. 
ERG abnormalities were relatively stable from 8 to 28 weeks of 
age, and we are following these mice to still older ages. Each model 
showed prominent schisis in the outer plexiform layer in OCT. In 
addition, hyper-reflective morphological changes were observed in 
the photoreceptor layer, namely between the IS/OS transition and 
cone outer segments. The retinal phenotype of Rs1+/- heterozygous 
females was comparable to control littermates, with normal amplitude 
ERGs and no schisis apparent on OCT imaging.
Conclusions: The results indicate that the phenotype of Rs1 mutant 
mice replicates that seen in XLRS patients, and varies with the nature 
of the genetic mutation. These mice will be of value for examination 
of experimental treatments for this human condition.
Commercial Relationships: Junzo Kinoshita, Regeneron 
Pharmaceuticals (F); Yang Liu, Regeneron Pharmaceuticals (E); 
Jingtai Cao, Regeneron Pharmaceuticals (E); Brent A. Bell, 
Regeneron Pharmaceuticals (F); Carl Romano, Regeneron 

Pharmaceuticals (E); Neal S. Peachey, Regeneron  
Pharmaceuticals (F)
Support: Regeneron Pharmaceuticals, P30EY025585, Unrestricted 
Grant from Research to Prevent Blindness to Cole Eye Institute, 
Foundation Fighting Blindness Center Grant

Program Number: 277 Poster Board Number: B0330
Presentation Time: 8:30 AM–10:15 AM
NK-4 dye reduces the apoptosis of photoreceptor cells
Shihui Liu1, Toshihiko Matsuo1, Osamu Hosoya2. 1Ophthalmology, 
Okayama University Medical School and Graduate School of 
Medicine, Dentistry, and Pharmaceutical Sciences, Okayama, Japan; 
2Medical Neurobiology, Okayama University Medical School 
and Graduate School of Medicine, Dentistry, and Pharmaceutical 
Sciences, Okayama, Japan.
Purpose: NK-4 (4,49-[3-{2-(1-ethyl-4(1H)-quinolylidene)
ethylidene}pro-penylene]bis(1-ethylquinolinium iodide)) 
has a variety of biological activities, such as macrophage-
activating, antimicrobial, anticancer properties, and is used as an 
immunomodulator to treat virus infection. NK-4 is also effective for 
treatment of cerebral ischemia and neurodegeneration. However, the 
effect of NK-4 on retinal neurodegenerative disease is still unknown. 
In this study, we tried to test whether NK-4 would have an effect on 
the prevention of retinal neurons from apoptosis.
Methods: Sixteen RCS rats at 4 weeks of age were randomly 
assigned to four groups, with each group comprising four rats.  
The rats had intravitreous injection of 5 µL solution at four different 
concentrations of the dye, 0.1 mg/mL, 0.01 mg/mL, 0.001 mg/mL, 
and 0.0001 mg/mL, in the left eyes of each group, with a  
30-gauge-needle-attached Hamilton syringe. DMSO solution 
injection at the same volume served as control in the right eyes of 
each group. The rats were housed under a 12-hour light/dark cycle for 
14 days. Apoptosis was detected in frozen sections of the eyes, and 
also stained immunohistochemically for glial fibrillary acidic protein 
(GFAP), protein kinase C alpha (PKC-α). The immunochemically 
stained areas were compared by the Image J software.
Results: The number of apoptotic cells decreased and the thickness 
of outer nuclear layer was thicker in the retina of dye-injected eyes, 
compared with vehicle-injected eyes, under 12-hour light/dark cycle. 
GFAP-stained areas showed a decrease in the retina of dye-injected 
eyes, compared with vehicle-injected eyes. The areas with PKC-α 
staining also showed difference between the dye-injected and saline-
injected eyes.
Conclusions: NK-4 injection has a potential role for suppressing 
the apoptosis of photoreceptor, reducing GFAP expression in retinal 
Müller cells, and helping prevent rod bipolar cell dysfunction in 
RCS rats. Additional experiments are under way to investigate the 
mechanism for preventing apoptosis of photoreceptor after NK-4 
injection.
Commercial Relationships: Shihui Liu; Toshihiko Matsuo, None; 
Osamu Hosoya, None

Program Number: 278 Poster Board Number: B0331
Presentation Time: 8:30 AM–10:15 AM
Influence of Ambient Illumination on the Course of Retinal 
Degeneration in a Canine model of RHO-ADRP
Valerie L. Dufour, Simone Iwabe, Gustavo D. Aguirre, 
William A. Beltran. Section of Ophthalmology, Department of 
Clinical studies, University of Pennsylvania, Philadelphia, 19104, PA.
Purpose: to assess by in-vivo confocal scanning laser 
ophthalmoscopy/spectral domain optical coherence tomography 
(cSLO/OCT) the earliest age of occurrence of light-induced retinal 
lesions, and to determine the deleterious or protective effect of two 
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ambient kennel illumination conditions on the course of retinal 
degeneration (RD) in the light-sensitive T4R RHO canine model of 
RHO-ADRP.
Methods: near infra-red cSLO/OCT retinal imaging data from 57 
mutant dogs (14 RHOT4R/T4R, 43 RHOT4R/+) that had been scanned once 
between 2 and 115 months of age using a HRA/OCT (Spectralis, 
Heidelberg) apparatus was reviewed. Location and appearance of 
retinal lesions were documented. All dogs had been housed since 
birth in a research facility and kept exclusively under cyclic light 
environment (12 hrs ON-12 hrs OFF) with either standard kennel 
white fluorescent light at intensities ranging between 175–350 Lux 
(11 RHOT4R/T4R, 24 RHOT4R/+), or under dim-red illumination at 
intensities ranging between 1-20 Lux (3 RHOT4R/T4R, 19 RHOT4R/+). No 
other light exposure, including ophthalmic examinations or ERGs, 
had been performed prior to the cSLO/OCT scanning session.
Results: retinal lesions characterized by hyperreflectivity on en-face 
cSLO images and ONL thinning on OCT B-scans were found to be 
located in the central superior/tapetal retina of both in RHOT4R/T4R and 
RHOT4R/+ dogs. Their appearance varied from multi-punctate, linear, 
to larger geographical areas of ONL loss. Under standard white 
ambient illumination, lesions were found as early as 3 months of age 
in both the RHOT4R/T4R (1 out of 4) and RHOT4R/+ (1 out of 11) dogs. 
Under dim-red illumination none of the 19 RHOT4R/+ imaged up to 
13 months of age (n=3) showed any signs of light-induced RD. All 
3 RHOT4R/T4R dogs maintained under dim-red light (n=3) showed RD 
lesions associated with ONL thinning when scanned at 21 months of 
age.
Conclusions: Lesions of RD in RHOT4R/T4R and RHOT4R/+ mutant 
dogs kept under standard kennel white ambient light can be present 
as early as 3 months of age. Housing RHOT4R/+ dogs under dim-red 
illumination prevents the development of light-induced lesions for 
at least the first year of life, but may not be protective in RHOT4R/T4R 
dogs for longer time periods. These results suggest that the previously 
described (Kijas et al., PNAS, 2002) “natural course” of RD in this 
model is modulated by exposure to environmental light.
Commercial Relationships: Valerie L. Dufour, None; 
Simone Iwabe, None; Gustavo D. Aguirre, None; 
William A. Beltran, None
Support: NIH grants R24EY022012, R24EY023937, EY06855, 
P30EY-001583, the Foundation Fighting Blindness, Hope for Vision, 
and Van Sloun Fund for Canine Genetic Research.
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Features of retinitis pigmentosa defined by high throughput 
sequencing and wide field imaging
Debarshi Mustafi1, Krzysztof Palczewski2, Hossein Ameri1. 
1Ophthalmology, USC Roski Eye Institute, Los Angles, CA; 
2Pharmacology, Case Western Reserve University, Cleveland, OH.
Purpose: The pattern of visual field loss in retinal degenerative 
diseases can be indicative of the primary photoreceptor dysfunction. 
In primary rod cell diseases, such as in retinitis pigmentosa (RP), 
symptoms manifest as nyctalopia and peripheral field loss whereas 
primary cone dystrophies are typified by decreased visual acuity and 
disruption of color vision. With photoreceptor dysfunction occurring 
before clinical symptoms, it is imperative to develop approaches 
to diagnose and understand the potential progression from this 
subclinical phase.
Methods: Genetic analyses were carried out with retinal tissue 
from primates Macaca fasicularis and Homo sapiens. Tissue from 
the central and peripheral retinal regions was subjected to library 
preparation for RNA-sequencing on the Illumina platform. Transcript 
reads were mapped to their respective genome assemblies and 

refined manually with RefSeq gene models. Biological replicate 
tissue allowed for differential expression analysis between central 
and peripheral retina tissues. Imaging analyses of normal patients 
and those with clinical features of RP were carried out with swept 
source optical coherence tomography (SS-OCT). A wide field image 
acquisition technique was implemented through the mid-peripheral 
retina.
Results: In the primate retina a total of 11,060 genes were expressed. 
Of the 207 retinal disease genes expressed, 71 were known RP 
causing genes with a large proportion preferentially enriched in 
the peripheral retina. Interrogation of the 807 genes differentially 
expressed by at least 2-fold between the central and peripheral 
retina (p<0.05) highlighted the functional relevance of particular 
pathways involved in maintaining these distinct retinal environments. 
Single volume acquisitions of SS-OCT from control and RP patients 
allowed re-construction out to the far periphery for identification and 
quantification of structural features in the retina and choroid.
Conclusions: High throughput sequencing revealed the underlying 
biological processes essential to the retina and those disrupted by 
disease, whereas SS-OCT allowed characterization of structural 
features unique to normal and diseased retinas. Combinatorial 
sequencing and imaging approaches outlined here promise to provide 
novel genotypic-phenotypic insights into common retinal diseases 
such as RP for future therapeutic strategies.
Commercial Relationships: Debarshi Mustafi, None; 
Krzysztof Palczewski, None; Hossein Ameri, None
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Single cell electrophysiological assessment of RS1-/Y mice, a model 
for X-linked retinoschisis
Botir T. Sagdullaev1, 2, Elena Ivanova1, 2, Yang Liu3, Carl Romano3. 
1Ophthalmology, Weill Cornell Medicine, New York, NY; 2Burke 
Medical Research Institute, White Plains, NY; 3Regeneron 
Pharmaceuticals, Tarrytown, NY.
Purpose: X-linked retinoschisis (XLRS), is an inherited eye disease 
that causes splitting of the inner retina and loss of visual acuity. 
Retinoschisis results from mutations in the retinoschisin (RS1) 
gene which codes for a protein of poorly understood function that is 
secreted by photoreceptors. Mice lacking this gene recapitulate the 
structural and electroretinogram (ERG) abnormalities characteristic 
of the disease. The purpose of this study was to characterize cellular 
physiology and pathology in mice lacking RS1 using single cell 
recording techniques.
Methods: The creation and molecular, structural and ERG 
characterization of the RS1-/Y mice are provided elsewhere in this 
meeting. Single-cell spiking activity, excitatory and inhibitory 
postsynaptic currents were recorded from identified retinal ganglion 
cells (RGCs) in RS1-/Y and age-matched wildtype wholemount 
retinas. To determine the light sensitivity of the visual output the 
retinas were probed with spots of light. RGCs were then infused 
with fluorescent dyes for phenotyping using a Nikon C1 confocal 
microscope. Fourier analysis was used to determine the dominant 
frequency component and levels of neuronal activity.
Results: The RGCs in RS1-/Y retinas exhibited elevated rates of 
spontaneous activity compared to matching RGCs classes in wildtype 
retinas. Both excitatory and inhibitory current inputs to RGCs 
were elevated in RS1-/Y retinas suggesting presynaptic origin of the 
aberrant activity. When probed with light, elevated spontaneous 
activity masked light evoked responses reducing discrimination of 
visual output in RS1-/Y retina.
Conclusions: The aberrant neuronal activity in RS1-/Y RGCs 
represents a functional phenotype of retinoschisis. Elevated 
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spontaneous activity exacerbates the visual impairment, as it obscures 
discrimination of visual signals. This emerging aberrant activity can 
serve as a marker for retinal dysfunction in retinoschisis as well as a 
therapeutic target for functional repair.
Commercial Relationships: Botir T. Sagdullaev; Elena Ivanova, 
Regeneron Pharmaceuticals (F); Yang Liu, Regeneron 
Pharmaceuticals (E); Carl Romano, Regeneron Pharmaceuticals (E)
Support: Regeneron Pharmaceuticals
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Progressive changes in RCS rat retina during OCT/FAF-based 
in vivo imaging and their correlation with histological and visual 
functional analysis
Juan Carlos Martinez6, 7, Laura Liu3, 5,  
Juan Carlos Gutiérrez-Hernández1, 2, Alejandra Gonzalez Calle4, 
Biju Thomas6, 7, Mark S. Humayun6, 7. 1Ophthalmology, Universidad 
de Costa Rica, San Jose, Costa Rica; 2Hospital Clinica Biblica, San 
Jose, Costa Rica; 3Ophthalmology, Chang Gung Memorial Hospital, 
Linkou Medical Center, Taoyuan, Taiwan; 4USC Viterbi School 
of Engineering, University of Southern California, Los Angeles, 
CA; 5Chang Gung University College of Medicine, Taoyuan, 
Taiwan; 6Ophthalmology, USC Roski Eye Institute/University of 
Southern California, Los Angeles, CA; 7USC Institute of Biomedical 
Therapeutics/University of Southern California, Los Angeles, CA.
Purpose: To determine histological and visual functional correlates 
of changes observed during fundus autofluorescence (FAF) and 
optical coherence tomography (OCT) imaging of Royal College of 
Surgeon (RCS) rats during the progression of retinal degenerative 
(RD) disease.
Methods: FAF and retinal layer measurements were performed using 
Heidelberg Spectralis OCT at various postnatal ages (P18 to P180). 
Visual function was assessed using optokinetic nystagmus (OKN) 
testing. Retinal sections were stained with H&E, and retinal thickness 
(RT) and outer nuclear layer (ONL) cell count was analyzed using 
Aperio ScanScope. Morphological assessments and spectral analysis 
were used to ascertain correlation between progressive changes in the 
subretinal debris and the FAF pattern. Immunofluorescent staining for 
CD68 and GFAP (macrophage and glial cell markers) was performed 
to assess the source of hyperautofluorescence.
Results: FAF showed homogenous autofluorescence patterns up to 
P30, followed by homogeneous hyperautofluorescence. OCT showed 
severe loss of RT in young rats at P37, mostly due to loss of the 
ONL as demonstrated by histological analysis. Positive correlation 
between ONL thickness and OKN visual responses was observed at 
P30 and P37 (Pearson test, r=0.95). No OKN visual responses were 
recorded after P120. After P60, a hypoautofluorescence developed 
near the optic nerve. This area gradually spread by P90 and persisted 
through the entire study. ONL thickness loss and appearance of 
hypoautofluorescence were positively correlated (p<0.05). Bright 
hyperautofluorescent spots began appearing in a punctate fashion 
at P90. Morphological analysis suggested small patches of debris 
attached to the RPE surface, causing hyperautofluorescence and 
ruling out the contribution of macrophages and glial cells. Based on 
spectral analysis, hyperautofluorescent spots had a peak emission 
wavelength of 538 nm at P60 and P90, with higher wavelengths after 
P120. CD68 expression was found at P25 in the outer plexiform layer 
and ONL. By P46, CD68 was expressed predominantly in the outer 
segments.
Conclusions: Our study demonstrates that changes in FAF pattern 
can be predictive of morphological anomalies and visual functional 
loss in RCS rats. FAF is mostly due to subretinal debris as opposed to 
macrophages and other components within the RPE.

Commercial Relationships: Juan Carlos Martinez, None; 
Laura Liu, None; Juan Carlos Gutiérrez-Hernández, None; 
Alejandra Gonzalez Calle, None; Biju Thomas, None; 
Mark S. Humayun, None
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Development of an optimized light damage paradigm to assess 
efficacy of gene therapy in a canine model of RHO-ADRP
Raghavi Sudharsan, Kristina M. Simone, Nathan P. Anderson, 
Gustavo D. Aguirre, William A. Beltran. Clinical Studies, University 
of Pennsylvania, Philadelphia, PA.
Purpose: To develop an optimized light damage protocol to rapidly 
assess the efficacy of gene therapy for Rhodopsin autosomal 
dominant retinitis pigmentosa (RHO-ADRP) using the light sensitive 
canine Rhodopsin T4R (RHO-T4R) model of ADRP.
Methods: The retinas of 11 RHO-T4R mutant dogs were exposed for 
1 minute with a monocular Ganzfeld dome to one of five intensities 
of white light ranging from 0.1 to 1.0 mW/cm2 (170 to 1590 lux) at 
the level of the cornea. The effect was assessed at 24 hours and 2 
weeks post light exposure (LE) using TUNEL assay, histology and 
immunohistochemistry on retinal cryosections. A semi-quantitative 
grading system was used to report the incidence of photoreceptor 
cell death at 24 hours on biaxial topographical maps. Spidergraphs 
of outer nuclear layer (ONL) thickness and detailed biaxial maps 
of inner segments (IS), outer segments (OS) and retinal pigment 
epithelium (RPE) alterations at 2 weeks post LE were made to 
document structural changes in the outer retina.
Results: At 24 hours, a dose-dependent effect of light on outer retina 
integrity was observed with abundant photoreceptor cell death, 
increased internuclear spacing in the ONL, rod IS/OS disruption, 
and damage to the RPE cells after exposure to the highest doses 
(0.5 and 1 mW/cm2). Two weeks post LE, severe retinal damage 
was seen centrally, particularly in the tapetal region where the ONL 
was reduced to a single row of cone nuclei after exposure to the 
highest (1mW/cm2) dose. A 0.3 mW/cm2 exposure still caused some 
cell death and ONL thinning in the central tapetal retina, but no 
photoreceptor loss was seen with a 0.1mW/cm2 dose. This sublethal 
dose did, however, cause disruption of OS and Rho mislocalization, 
thus highlighting the extreme sensitivity of the RHO-T4R retina to 
levels of light commonly used in animal housing and clinical settings.
Conclusions: We have established a light damage paradigm, 
identified light dosage thresholds for retinal damage and 
photoreceptor cell death, and characterized histological outcome 
measures of retinal degeneration that will now be used to rapidly 
assess in a large animal model the efficacy of gene therapy for  
RHO-ADRP.
Commercial Relationships: Raghavi Sudharsan, None; 
Kristina M. Simone, None; Nathan P. Anderson, None; 
Gustavo D. Aguirre, None; William A. Beltran, None
Support: NIH grants R24EY022012, R24EY023937, EY06855, 
P30EY-001583, the Foundation Fighting Blindness, NIH-Merck/
Merial Summer Research Fellowship NIH T35RR07065, Hope for 
Vision, and Van Sloun Fund for Canine Genetic Research.
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Inherited retinal degeneration in the cynomolgus monkey 
(Macaca fascicularis)
Yasuhiro Ikeda1, Nobuhiro Shimozawa2, Koji M. Nishiguchi3, 
Jun Funatsu1, Shunji Nakatake1, Kohta Fujiwara1, 
Takashi Tachibana1, Yusuke Murakami1, Toshio Hisatomi1, 
Shigeo Yoshida1, Tatsuro Ishibashi1, Koh-hei Sonoda1. 1Dept of 
Ophthalmology, Kyushu University, Fukuoka, Japan; 2Tsukuba 
Primate Research Center, National Institutes of Biomedical 
Innovation, Health and Nutrition, Tsukuba, Japan; 3Department of 
Advanced Ophthalmic Medicine, Tohoku University Graduate School 
of Medicine, Sendai, Japan.
Purpose: In the efficacy studies of the promising therapeutic 
approaches, such as gene therapy and regenerative medicine, for the 
inherited retinal degeneration, rodent disease models are commonly 
used. With the aim of accelerating the development of the new 
therapy, the inherited retinal degeneration model in non-human 
primate is useful to confirm the efficacy in the preclinical studies. 
In this study, we described the inherited retinal degeneration in a 
cynomolgus monkey (Macaca fascicularis) pedigree.
Methods: First, the screening with fundus photography was 
performed on over 1500 monkeys in the pedigree in Tsukuba Primate 
Research Center. The ophthalmic examinations such as indirect 
ophthalmoscopy, electroretinography using RETeval®, and optic 
coherent tomography (OCT) measurement, were performed in the 
next step to confirm diagnosis.
Results: Retinal degeneration with cystoid macular edema was 
observed in the both eyes of a 14-year-old female monkey. The full-
field electroretinograms (ERGs) were non-recordable and the outer 
layer of the retinal was disappeared in the parafoveal area on the 
OCT imaging. Less frequent pigmentary retinal anomalies were also 
observed in her 3-year-old nephew. His father was her cousin (the son 
of her mother’s older brother) and his mother was her younger half 
sibling sister with a different father. The full-field ERGs were also 
non-recordable and the outer layer was disappeared in the peripheral 
retina.
Conclusions: The hereditary nature of the retinal degeneration is 
highly probable. We will perform the genetic testing of this inherited 
retinal degeneration with next-generation sequencing technology.
Commercial Relationships: Yasuhiro Ikeda, None; 
Nobuhiro Shimozawa, None; Koji M. Nishiguchi, None; 
Jun Funatsu, None; Shunji Nakatake, None; Kohta Fujiwara, 
None; Takashi Tachibana, None; Yusuke Murakami, None; 
Toshio Hisatomi, None; Shigeo Yoshida, None; Tatsuro Ishibashi, 
None; Koh-hei Sonoda, None
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Degenerative effects of cobalt-chloride treatment on neurons and 
microglia in a porcine retina organ culture model
Jose Hurst1, Sandra Kuehn2, Farina Rensinghoff2, Teresa Tsai2, 
Yathavan Satgunarajah2, Karl U. Bartz-Schmidt1, Burkhard Dick2, 
Stephanie C. Joachim2, Sven Schnichels1. 1Research, Eye Hospital 
Tuebingen, Tuebingen, Germany; 2Ruhr-University Bochum, 
Experimental Eye Research Institute, Bochum, Germany.
Purpose: To understand the pathological processes of retinal 
diseases, experimental models are necessary. High quantities of 
cobalt chloride (CoCl2) induce cytotoxic mechanisms via hypoxia 
mimicry. We aimed to establish an alternative porcine retina 
degeneration model for hypoxia via CoCl2 in order to reduce the 
number of animal experiments.

Methods: Organotypic cultures of porcine retina obtained from eyes 
from the local abattoir were cultivated and treated with different 
concentrations of CoCl2 (0, 100, 300 and 500 µM) for 48 h from day 
(d) 1 onwards. At day 4 and 8, retinas were processed for histological, 
Western blot and qRT-PCR analysis. RGCs (Brn-3a) microglia (Iba1), 
and macroglia response (GFAP, vimentin) as well as cellular stress 
response (Caspase3, p21, hypoxia induced factor-1a (HIF1α) and 
heat shock protein 70 (HSP70)) was evaluated.
Results: After 4 and 8 days, CoCl2 induced a strong degeneration of 
the porcine retina. Compared to control a loss of RGCs, was observed 
after 4 days (Co: 20.1±2.2; 300 µM: 12.0±1.2; 500 µM: 12.3±1.3 
Brn-3a+ cells/mm) as well after 8 days (Co: 11.6±0.8; 300 µM: 
6.4±0.8; 500 µM CoCl2 3.9±0.5 Brn-3a+ cells/mm). An induction of 
HIF-1a mRNA (4d: 500 µM 4.8-fold; 8 d: 300 µM-2.3-fold; 500 µM: 
2.6-fold) and HSP70 mRNA (4d: 300µM: 12-fold, 500µM: 344-fold; 
8 d: 300µM: 16-fold, 500µM: 319-fold) expression were noted at 
both points in time. Also, the caspase 3 protein was activated and the 
p21 mRNA expression induced (4 d: 300µM: 2.7 fold; 500µM:  
5.5-fold; 8d 300µM: 17.9-fold; 500µM: 24.3-fold). However, the 
effect of CoCl2 was not restricted to neurons; the macroglia response 
was reduced in comparison to the control group at day 4. Also, 
microglia population revealed a reduced cell amount and activity 
after CoCl2 treatment. After 4 days, the treatment with 500 µM CoCl2 
reduced the amount of Iba1 cells significantly (227.8±18.0 cells/
mm2) compared to the control (288.2±11.5 cells/mm2). At day 8, all 
concentrations had an effect on the Iba1 microglia in comparison to 
control. High concentrations of CoCl2 seemed also to be toxic for 
these cells.
Conclusions: In comparison to retinal hypoxia animal models, 
similar degenerative mechanisms were observed, while the glia 
response was unusual. Therefore, an effective and reproducible 
hypoxia-mimicking model for retinal degeneration was established, 
which is easy to handle and ready for drug studies.
Commercial Relationships: Jose Hurst, None; Sandra Kuehn, 
None; Farina Rensinghoff, None; Teresa Tsai, None; 
Yathavan Satgunarajah, None; Karl U. Bartz-Schmidt; 
Burkhard Dick, None; Stephanie C. Joachim, None; 
Sven Schnichels, None
Support: set Foundation
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Establishment and Characterization of a UV-induced 
Photoreceptor Degeneration Model in the Mouse
Anna-Marina van der Meer1, Frank Muller2, Peter Walter3. 
1Department of Experimental Ophthalmology, RWTH Aachen 
Universit, Aachen, Germany; 2Institute of Complex Systems, Cellular 
Biophysics, Research Center Julich, Julich, Germany; 3Department of 
Ophthalmology, RWTH Aachen University, Aachen, Germany.
Purpose: Patients suffering from retinal degenerative diseases, 
e.g. retinitis pigmentosa (RP), can regain visual functionality by 
prostheses. Electrical stimulation of retinal cells is conducted 
by microelectrode arrays. In order to test retinal implants and 
establish surgical procedures, large-eye animal models mimicking 
the properties of RP are required. Here, we describe experiments 
performed to establish a unilateral UV-induced photoreceptor 
degeneration model in the mouse. Our results will be used to transfer 
the method to the large-eye rabbit model.
Methods: Left eyes of female C57Bl/6J mice (PW 8-12), were 
irradiated with a UV-LED at 370 nm for 3-10 minutes. In a first 
group of 10 animals, dosages between 2.8 and 9.3 J/cm2 were 
tested. A lens was inserted between LED and cornea to optimize 
radiation conditions, illuminating about one third of the retina. 
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Weekly examinations post irradiation were performed, including 
macroscopy, optical coherence tomography (OCT) and full field 
electroretinography (ERG). Four weeks after irradiation the animals 
were sacrificed and eyes prepared for hematoxylin-eosin (HE) 
staining. Right eyes served as control.
Results: Results from the first group showed that a dosage between 
6.5 and 9.3 J/cm2 was needed to achieve retinal degeneration. 
Among retinal layers, only photoreceptors were directly affected by 
the irradiation, as revealed by HE staining. In OCT measurements 
a decreased thickness was visible at week one post irradiation, 
dropping to 51 % (SD 4 %) at week four. Also, in ERG recordings the 
a-wave decreased to 70 % (SD 13 %), while the b-wave fell to 58 % 
(SD 13 %). In several cases a neovascularization of the cornea was 
observed which occurred independently of UV-dosage. It was treated 
with anti-inflammatory and antibiotic eye ointment.
Conclusions: UV-irradiation is a suitable method to induce 
photoreceptor degeneration in the mouse retina, while leaving the 
other retinal layers intact. In future experiments we will employ 
immunohistochemistry to investigate whether inner retinal cells 
are affected by illumination. This model is easy and safe to handle. 
The restriction that only a third of the retina can be irradiated is 
compensated by localization of the degenerated area using OCT 
scans. After the study in mice is completed, the approach will 
be transferred to the large-eye rabbit model enabling testing and 
optimization of newly developed retinal devices.
Commercial Relationships: Anna-Marina van der Meer; 
Frank Muller, None; Peter Walter, None
Support: DFG grant WA 1472/6-3

Program Number: 286 Poster Board Number: B0339
Presentation Time: 8:30 AM–10:15 AM
Detailed phenotypic characterization of a Beagle dog with the 
complete form of Schubert Bornschein congenital stationary 
night blindness
Annie Oh, Melanie L. Foster, Michael G. Davidson, Freya M. Mowat. 
North Carolina State University, Raleigh, NC.
Purpose: Congenital stationary night blindness (CSNB) is a 
genetically and clinically heterogeneous retinal disorder resulting in 
non-progressive impaired night vision. Naturally occurring CSNB 
affecting inner retinal circuitry (Schubert Bornschein form) was 
previously described in a closed colony of Japanese Beagle dogs 
exhibiting a “negative-type” electroretinogram (ERG). We report the 
detailed phenotype of naturally occurring Schubert Bornschein CSNB 
in a Beagle dog obtained from a research animal breeding facility in 
the USA.
Methods: A 6-month old, female intact affected Beagle dog and 
three unrelated age-matched normal control Beagles were studied. 
Animals underwent ophthalmic examination, streak retinoscopy, 
and advanced ocular imaging including spectral domain optical 
coherence tomography (SD-OCT) and autofluorescence imaging. 
Retinal function assessment included behavioural visual navigation 
ability, full-field dark- and light-adapted ERG, and evaluation of dark 
adaptation.
Results: The affected Beagle had a normal fundus appearance, 
normal retinal layer thickness on SD-OCT, and normal 
autofluorescence. The affected dog was mildly hyperopic (+1.5D 
OU) and exhibited vision impairment in mesopic conditions (light 
intensity 0.02-1 cds/m^2). The affected dog maneuvered more slowly 
(16.12 +/- SEM 4.46 seconds vs. control 5.37 +/- 1 seconds) and 
made more incorrect exit tunnel choices (21.43 +/- 9.22 % vs. control 
0%) during behavioral visual navigation testing. A reduced b-wave 
amplitude and a normal a-wave was present on dark-adapted ERG, 
oscillatory potentials were absent. A normal a-wave with reduced 

b/a-wave ratio was present on light-adapted flash ERG. The light 
adapted 33Hz flicker ERG had reduced amplitude and long-flash 
ERG revealed abnormalities in ON-bipolar cell responses. Maximal 
dark adaptation was prolonged (>60 minutes).
Conclusions: The main findings of vision impairment in lower light 
conditions and a “negative-type” ERG in this Beagle are consistent 
with complete Schubert-Bornschein CSNB.
Commercial Relationships: Annie Oh, None; Melanie L. Foster, 
None; Michael G. Davidson, None; Freya M. Mowat, None
Support: Comparative Medicine Institute
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Intermittent Systemic Hypoxia as Therapy for Vision Loss in 
Usher Syndrome
Michael Ascuitto1, Nicholas Lanson1, Russell Amato1, 2, 
Jennifer J. Lentz1, 2, Jeff Gidday1, 2. 1Ophthalmology, Louisiana State 
University School of Medicine, New Orleans, LA; 2Neuroscience 
Center of Excellence, Louisiana State University School of Medicine, 
New Orleans, LA.
Purpose: Usher Syndrome is a genetic disorder characterized by 
congenital deafness, vestibular dysfunction, and eventual blindness 
from photoreceptor degeneration. Currently there are no treatments 
for the blindness. We previously found that intermittent hypoxia 
protected against the progressive demise of retinal ganglion cell 
somas and axons in a mouse model of glaucoma. Herein, we tested 
the hypothesis that a similar, epigenetics-based therapy would show 
efficacy in protecting against photoreceptor degeneration in Usher.
Methods: Cohorts of Usher mice (expressing the human Ush1c216 
mutation) that exhibit progressive reductions in photoreceptor 
function starting at 1 month of age, and matched wildtype controls, 
were subjected to one hour of 11% O2 systemic hypoxia between the 
ages of 2 weeks and 3 months, either 3 or 5 times per week. Hypoxia 
exposures involved placing mice in their home cages into a chamber 
in which O2 tension was regulated. Additional cohorts of Usher and 
wildtype mice not exposed to hypoxia were included as controls. 
Photoreceptor function and structure was assessed serially at 1 and 3 
months of age by scotopic electroretinograms and OCT, respectively. 
Data was analyzed by ANOVA.
Results: Our findings suggest both doses of intermittent hypoxia 
show benefit in improving photoreceptor viability based on improved 
a-wave amplitudes at each age relative to untreated mutants. OCT 
analyses are underway. No gender-dependent differences were noted 
in any cohort.
Conclusions: Our preliminary results suggest that specific 
frequencies of intermittent, systemic hypoxia may be a viable 
therapeutic option for preventing or reducing the rate of 
photoreceptor degeneration in humans with Usher. In addition, 
the ease of administration and low cost of such a treatment would 
obviate the need for often poorly-tolerated intravitreal and intraretinal 
injections of agents that otherwise cannot cross the blood-retinal 
barrier. Planned measurements at 6 and 12 months of age in these 
mice will ultimately reveal whether this short-term intermittent 
hypoxia treatment provides lasting benefit.
Commercial Relationships: Michael Ascuitto, None; 
Nicholas Lanson, None; Russell Amato, None; Jennifer J. Lentz, 
None; Jeff Gidday, None
Support: NIH 5R01 EY018607-07 (JMG), U54 GM104940 (JJL), 
P30 GM103340 (JJL), Foundation Fighting Blindness (JJL), Eye 
on Jacob Foundation (JJL), Usher 2020 Foundation (JJL), and the 
LSUHSC Department of Ophthalmology (JMG)
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Forward Genetic Approach for Causal Gene Identification for 
Rat Retinal Photic Injury
Kentaro Ohishi1, Masafumi Ohtsubo1, Katsuhiro Hosono2, 
Akira Obana3, 4, Yoshihiro Hotta2, Tadahisa Hiramitsu1, 
Shinsei Minoshima1. 1Photomedical Genomics, Hamamatsu Univ Sch 
Med, Hamamatsu-shi, Japan; 2Ophthalmology, Hamamatsu Univ Sch 
Med, Hamamatsu-shi, Japan; 3Ophthalmology, Seirei Hamamatsu 
Gen Hosp, Hamamatsu-shi, Japan; 4Medical Spectroscopy, 
Hamamatsu Univ Sch Med, Hamamatsu-shi, Japan.
Purpose: To identify genes for the susceptibility of rat retina to 
photic injury, eventually to elucidate an etiology for age-related 
macular degeneration (AMD).
Methods: White light exposure of rats at 3000 lux for 3 hrs 
was performed to induce the photic injury in their retinas. The 
susceptibility to the photic injury was evaluated by Morris water 
maze test and pathological analysis of the eyes. The maze test was 
carried out on the 4.5th day after the light exposure, in which the 
swimming time to reach the target was recorded. In the pathological 
analysis, the degeneration size of retina was observed at 4 months 
as an average. The genome of each individual was analyzed using 
polymorphic microsatellite and SNP markers. A targeted exome 
analysis was performed with a next generation sequencer (MiSeqTM 
system; illumina, Inc.).
Results: A rat strain (WKY) susceptible to and another strain 
(LEW) resistant to the photic injury were crossed to produce the F1 
offspring. The F1 was susceptible, meaning that the susceptibility was 
a Mendelian autosomal dominant trait to the resistance. We named 
the trait “the susceptibility to retina photic injury” and the responsible 
gene “Rpi1”. In order to identify the Rpi1 gene, the first backcross 
(BC1) offspring was produced by mating F1 with the recessive parent 
LEW. Using the Morris water maze test after the light exposure, 
susceptible individuals in the BC1 generation were selected to 
produce BC2 offspring. Thus, as the backcross and selection of 
susceptible individuals were iterated, the ratio of WKY genome 
was gradually decreased. After 12 generations of the backcross, an 
obtained BC12 offspring had a 1.6-Mb WKY genome region within 
chromosome 5q36 as a sole WKY component, in which the Rpi1 
gene must exist. We performed the targeted exome analysis for this 
region to identify Rpi1 and found 15 loci with non-synonymous 
base changes in coding regions of 12 genes. Using additional 
backcross individuals and another photic injury-susceptible strain 
F344, recently we could narrow down to only one candidate gene 
(tentatively gene R) with reasonable relationship between genotype 
and phenotype.
Conclusions: We consider that the gene R is Rpi1 itself. The gene 
R has never been reported as the susceptibility gene of AMD. We 
are now extensively making efforts to give more direct evidence for 
the gene R as the causal gene of rat retina photic injury and possible 
relationship with AMD.
Commercial Relationships: Kentaro Ohishi; Masafumi Ohtsubo, 
None; Katsuhiro Hosono, None; Akira Obana, None; 
Yoshihiro Hotta, None; Tadahisa Hiramitsu, None; 
Shinsei Minoshima, None
Support: JSPS KAKENHI Grant Numbers 18791270, 22591939, 
25462708
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Time-dependent local expression pattern of complement 
components in light-induced photoreceptor degeneration
Diana Pauly1, Nicole Schäfer1, Sabrina Schmitt2, Antje Grosche3, 
Barbara Braunger2. 1Experimental Ophthalmology, University 
Hospital Regensburg, Regensburg, Germany; 2Institute of Human 
Anatomy and Embryology, University Regensburg, Regensburg, 
Germany; 3Institute of Human Genetics, University Regensburg, 
Regensburg, Germany.
Purpose: Photoreceptor cell death due to extensive light 
exposure and induced oxidative-stress are associated with retinal 
degenerations. An associated dysregulation of the complement 
system amplifies the damaging effects, but the local and time-
dependent progression of this mechanism is incompletely understood.
Methods: To test complement involvement in light-induced 
photoreceptor degeneration (LD), Balb/c mice were treated with 
cool white light at an intensity of 5000 lux or 1000 lux, respectively. 
Protein expression levels and mRNA analyses of complement 
factors (CF) C3, C1s, CFB, MBL-A, MASP1, C4, C9 and CFP 
were determined 1-4 days (d) after light exposure. Histological 
analyses visualized apoptosis, microglia migration and deposition 
of the terminal complement complex. Systemic anaphylatoxin 
concentrations were determined using an ELISA.
Results: LD was characterized by TUNEL-positive cells and 
microglia migration in the outer nuclear layer. Local CF expression 
revealed an early upregulation of mRNA at d 1-2 post treatment 
for C3, C1s, CFB, MASP1, C4, and C9 in the RPE/choroid. Intra-
retinal mRNA expression for C3, C1s, CFB, MASP1 and C4 was 
increased at d 2-3 post LD. However, retinal mRNA for C9 and 
CFP was decreased following LD. This time-delayed pattern for CF 
mRNA expression in the retina and RPE/choroid after LD, was not 
observable on protein level. Western blots detected all tested CF in 
the RPE/choroid, whereas CFB and C4 were missing in the retina. A 
local regulation on protein level in the retina following LD was only 
observed for C3, which was early upregulated at d 1-3, but reduced 
at d 3-4 in the RPE/choroid. This correlated with C4 and C9 protein 
detection in the RPE/choroid, which showed also decreased signals. 
In contrast, C1s protein expression was increased after LD in the 
RPE/choroid. We did not observe a correlated change in systemic 
complement activation.
Conclusions: LD in mice eyes is associated with local complement 
activity. We determined the time-dependent and local progression of 
complement regulation on mRNA and protein levels following LD. 
Knowing the relative time courses of local complement expression 
can help to elucidate novel therapeutic options in retinal degeneration 
indicating when the complement system has to be rebalanced.
Commercial Relationships: Diana Pauly, None; Nicole Schäfer, 
None; Sabrina Schmitt, None; Antje Grosche, None; 
Barbara Braunger, None
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The effect of light exposure in the population of different retinal 
neurons under taurine depletion
Diego Garcia-Ayuso1, Johnny Di Pierdomenico1, Wahiba Hadj Said2, 
Melanie MARIE2, Marta Agudo-Barriuso1,  
Manuel Vidal-Sanz1, Serge A. Picaud2, Maria P. Villegas-Perez1. 
1Oftalmologia, Universidad de Murcia and Instituto Murciano de 
Investigación Biosanitaria- Hospital Virgen de la Arrixaca  
(IMIB-Arrixaca), El Palmar (Murcia), Spain; 2Sorbonne Universités, 
UPMC Univ Paris 06, UMR_S968, Institut de la Vision, Paris, 
France.
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Purpose: Taurine plays an important role in the survival of retinal 
neurons because its depletion causes retinal ganglion cell (RGC) and 
cone loss (Hadj-Saïd et al., IOVS 2016; 57:4692-4703) that may be 
greater after light exposure (ALE). Here we study the effects of acute 
light exposure on RGCs, melanopsin+RGCs (m+) and cones in an 
animal model of induced taurine depletion.
Methods: Adult female albino Sprague Dawley rats (2 months old; 
n=16) were used for this study. β-alanine was administered in the 
drinking water to induce taurine depletion. One month later half of 
the animals were exposed to light (3000 lux) for 48 hours following 
previously described methods (García-Ayuso et al., Mol Vis 2011; 
17:1716-1733). Light exposed and non-exposed animals were 
processed after two months of β-alanine treatment. Control animals 
had normal drinking water (non-treated). Whole-mounted retinas 
were incubated with antibodies against L- and S-opsin, Brn3a and 
melanopsin. The total numbers of L- and S-opsin+cones, Brn3a+ 
and m+RGCs were automatically quantified following previously 
described methods (García-Ayuso et al., IOVS 2015; 56:4592-4604; 
García-Ayuso et al., IOVS 2013; 54: 5888-5900).
Results: In non-treated animals, one month ALE there was a 
significant decrease of 13% and 15% in the mean numbers of L- and 
S- cones, respectively, compared to control non-exposed animals, 
however light exposure did not affect the numbers of Brn3a+ or 
m+RGCs. β-alanine treatment resulted in a significant reduction in 
plasma taurine levels and significant reductions of all the studied 
populations, interestingly S-cones and m+RGCs populations were 
more severely affected. In treated animals, one month ALE there was 
a significant decrease in the mean numbers of cones compared to 
non-exposed animals that was similar to that observed for non-treated 
animals, while Brn3a+ and m+RGCs populations were not affected 
by light exposure. Besides, there was a significant decrease of 21% 
and 32% in the mean numbers of L- and S- cones, respectively, 
compared to control non-exposed animals.
Conclusions: This study confirms that taurine depletion causes 
RGCs and cone loss, it shows, for the first time, that m+RGC are also 
sensitive to taurine depletion. These data further support the need for 
taurine in RGC and cone survival.
Commercial Relationships: Diego Garcia-Ayuso, None;  
Johnny Di Pierdomenico, None; Wahiba Hadj Said, 
None; Melanie MARIE, None; Marta Agudo-Barriuso, 
None; Manuel Vidal-Sanz, None; Serge A. Picaud, None; 
Maria P. Villegas-Perez, None
Support: Supported by grants from Fundación Séneca (Spain) 
19881/GERM/15; Spanish Ministry of Economy and Competitivenes 
(Spain): SAF-2015-67643; ISCIII-FEDER (Spain) PI13/00643, 
PI13/01266, PI16/00380, PI16/00031; RETICS (Spain): 
RD12/0034/0014, RD16/0008/0026. By INSERM (France),  
UPMC Paris VI (France), the city of Paris, the Regional Council of 
Ile-de-France, the LabEx LIFESENSES (ANR-10-LABX-65), which 
was supported by French state funds managed by the ANR within 
the Investissements d'Avenir programme (ANR-11-IDEX-0004-02) 
and by the program Light4Deaf, which is also part of the French 
state funds managed by the ANR within the Investissements d'Avenir 
programme under reference ANR-15-RHUS-0001.
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Intravitreal transduction profile of recombinant adeno-associated 
virus in murine and human retina
Kristina Ertel, Chris Reid, Daniel M. Lipinski. Ophthalmology, 
Medical College of Wisconsin, Milwaukee, WI.
Purpose: The ability to target cells of the inner and outer retina 
via intravitreal injection is vital for treatment of diseases where 

detachment of the retina may be detrimental. It has previously been 
demonstrated that the tropism of recombinant adeno-associated virus 
(rAAV) vectors can be altered through mutation of the virion by site-
directed mutagenesis or inclusion of short targeting peptides. Herein, 
we compare the transduction profiles of three rAAV2-based capsid 
mutant vectors –rAAV2.7m8, rAAV2.QuadYF-TV and a hybrid 
vector termed rAAV.MAX– following intravitreal injection in mice. 
Additionally, we use human retinal tissue to determine the ability 
of each vector to transduce macular cone photoreceptors – a critical 
consideration for clinical translation of intravitreal gene delivery.
Methods: rAAV vectors packaging a ubiquitously expressing 
mCherry reporter gene were injected intravitreally into adult 
NRL-EGFP and WT mice. Retinal fluorescence levels were 
quantified in vivo using a custom multiline confocal scanning laser 
ophthalmoscope (m-cSLO) allowing dual color fluorescence imaging. 
Post-mortem, double positive retinal cells were quantified by flow 
cytometry to determine the percent of photoreceptors transduced. 
Human retinal tissue from the Lion’s Eye Bank of Wisconsin was 
maintained in organotypic culture following administration of capsid 
mutant vectors packaging a GFP reporter gene. WT mouse eyes and 
human retinal explants were cryosectioned to histologically evaluate 
tropism.
Results: rAAV2.MAX exhibited greater retinal penetrance and 
photoreceptor transduction following intravitreal injection than either 
unmodified rAAV2 or the original capsid mutant vectors. Dual color 
m-cSLO imaging facilitated normalization of retinal fluorescence 
levels in vivo, allowing for quantification of rAAV-mediated 
transgene expression. rAAV2-MAX vector administration on 
human macular tissue resulted in substantial transduction of central 
photoreceptors.
Conclusions: The increased tissue penetrance and photoreceptor 
transduction properties of the rAAV2.MAX vector demonstrates 
the effects of capsid mutation and peptide insertion within the AAV 
capsid are cumulative. rAAV2.MAX was able to mediate gene 
transfer to both murine and human photoreceptors from the vitreous 
thus encouraging for the future treatment of retinal diseases where 
subretinal gene delivery may represent an unacceptable surgical risk.
Commercial Relationships: Kristina Ertel; Chris Reid, None; 
Daniel M. Lipinski, None
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CRISPR/Cas9-mediated generation and characterization of a 
C2orf71a-/- zebrafish model
Julio Cesar Corral Serrano1, 2, Muriël Messchaert1, 4, Margo Dona3, 2, 
Theo Peters3, 2, Erwin van Wijk3, 2, Rob W. Collin1, 4. 1Human Genetics, 
Radboud UMC, Nijmegen, Netherlands; 2Radboud Institute for 
Molecular Life Sciences, Nijmegen, Netherlands; 3Department 
of Otorhinolaryngology, Radboud UMC, Nijmegen, Netherlands; 
4Donders Institute for Brain, Cognition and Behaviour, Nijmegen, 
Netherlands.
Purpose: Retinitis Pigmentosa (RP) is an inherited retinal disease 
characterized by progressive visual impairment, which affects 
1:4,000 individuals worldwide. Mutations in C2orf71, encoding 
a retinal ciliary protein, are causative for autosomal recessive RP. 
Previously, we have shown that, based on its interaction repertoire, 
C2orf71 might be important for maintaining the photoreceptor outer 
segment morphology. Here, we report the identification of two 
copies of the C2orf71 gene in zebrafish, C2orf71a and C2orf71b. To 
study the role of the largest C2orf71 paralogue, C2orf71a, we have 
generated a stable C2orf71a-/- zebrafish model using CRISPR/Cas9 
technology.
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Methods: The zebrafish C2orf71 paralogues, C2orf71a and 
C2orf71b, were identified by bioinformatic analysis. To study the 
expression of these genes, RT-PCR on zebrafish eyes cDNA was 
performed. For the generation of C2orf71a-/- zebrafish, C2orf71a 
sequence-specific guide RNA and Cas9 mRNA were co-injected into 
single-cell zebrafish embryos. Mosaic fish were then outcrossed with 
wild-type TLF fish to determine germline transmission and the exact 
introduced genomic lesion. Subsequently, heterozygous mutants were 
incrossed to generate homozygous C2orf71a mutants. Histological 
analysis was performed using paraformaldehyde fixed zebrafish eyes 
stained with TR methyl ester (bodipy). Optokinetic responses were 
measured at low (5 rpm) and high (8 rpm) speeds.
Results: Orthologous C2orf71a and C2orf71b genes, of 1122 and 
859 amino acids respectively, were identified. A C2orf71a-/- zebrafish 
line was established that contains a 29-basepair deletion at the start 
of exon 1 of C2orf71a (c. 21_49del). This leads to the premature 
termination of translation after amino acid 16, presumably resulting 
in a functional C2orf71a knockout. Analysis of the morphology 
of the C2orf71a-/- zebrafish larval retina (5dpf) revealed that the 
photoreceptor outer segments are shorter and disorganized as 
compared to those of strain- and age-matched wild-type larvae. 
Additionally, optokinetic responses of C2orf71a-/- larvae were 
significantly decreased as compared to control larvae.
Conclusions: We have successfully generated a C2orf71a knockout 
zebrafish using CRISPR/Cas9 technology. Defects observed in 
morphological and functional assays point towards an important 
role for C2orf71a in zebrafish photoreceptor outer segment 
morphogenesis and function.
Commercial Relationships: Julio Cesar Corral Serrano, None; 
Muriël Messchaert, None; Margo Dona, None; Theo Peters, None; 
Erwin van Wijk, None; Rob W. Collin, None
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Development of treatments for CEP290-LCA using three-
dimensional retinal organoids
Holly Chen1, Lijing Dong2, Anand Swaroop1. 1N-NRL, National Eye 
Institute, NIH, Bethesda, MD; 2Genetic engineering core, National 
Eye Institute, NIH, Bethesda, MD.
Purpose: Leber congenital amaurosis (LCA) is a group of congenital 
retinal degenerative diseases. Mutations of CEP290, which encodes 
for a ciliary protein at the connecting cilium of photoreceptors (PRs), 
are a major cause of LCA. No treatments are available largely due to 
lack of appropriate in vitro model to investigate disease pathogenesis 
and to develop therapeutics. Previously, we developed HIPRO 
protocol to efficiently differentiate mouse pluripotent stem cells into 
three-dimensional retinal organoids with elongated axoneme of PRs. 
We hypothesize that PRs differentiated from induced pluripotent 
stem cells (iPSCs) of rd16, which is the mouse model of CEP290-
LCA, have defects in ciliogenesis, based on which corresponding 
treatments can be developed.
Methods: Nrl-GFP wild-type (WT) and rd16 iPSCs were 
differentiated into retinal organoids using HIPRO protocol. At least 
2 clones were used for WT or rd16 iPSCs. For each clone, 30-60 
organoids were harvested at specific differentiation stages of rod PRs 
and subjected to flow analysis to evaluate viability and percentage 
of rod cells (N=4). Immunohistochemistry (IHC) was performed to 
investigate PR ciliary morphology (N = 4, 10-20 organoids of each 
clone were harvested).
Results: At the early stage of rod birth, which is differentiation day 
(D) 18 and 22 in culture, both WT and rd16 iPSCs showed similar 
viability. Shortly after the start of ciliogenesis, viability of rd16 
organoids started to decrease and was approximately 50% lower than 

that of WT at the end of differentiation (p<0.05). While percentage 
of GFP+ rod cells in WT culture steadily rose from D18 to D35, the 
increase stopped in one rd16 clone and was more slowly in another 
clone after D28, suggesting pause of differentiation or death of rods. 
IHC analysis showed consistent results. Rd16 organoids had less 
ciliated PRs, with one clone having more severe phenotypes than the 
other. These phenotypes may be caused by defects of ciliogenesis, 
as rootlets of rd16 PRs were disrupted and outer limiting membrane 
were missing in both clones.
Conclusions: Rd16 retinal organoids have lower viability compared 
to WT, which may be caused by defects in development of PR cilia. 
The underlying mechanisms are being investigated by transcriptome 
profiling of developing rods and small molecule screening is being 
performed to maintain the survival of rod cells in rd16 organoids.
Commercial Relationships: Holly Chen, None; Lijing Dong, None; 
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hiPSC-derived retinal cell model of juvenile neuronal ceroid 
lipofuscinosis (JNCL, CLN3)
Chad A. Galloway1, Sonal Dalvi1, Lauren Winschel1, 
Leslie MacDonald1, Ruchira Singh1, 2. 1Ophthalmology and 
Biomedical Genetics, University of Rochester, Rochester, NY; 
2Center for Visual Science, University of Rochester, Rochester, NY.
Purpose: Juvenile neuronal ceroid lipofuscinosis (JNCL, Batten 
disease, CLN3) leads to progressive neurological dysfunction and 
retinal degeneration. Histopathologic studies showed accumulation 
of autofluorescent lipopigment in retinal neurons and retinal pigment 
epithelium (RPE) and degeneration of multiple retinal cell layers in 
JNCL. However, the precise involvement of a specific retinal cell 
type in the disease and the underlying disease mechanism responsible 
for vision loss is not known. The purpose of this study is to determine 
the morphological and molecular consequences of JNCL in a patient-
derived human induced pluripotent stem cell (hiPSC) model of 
JNCL.
Methods: hiPSCs were generated by reprogramming of fibroblasts 
from JNCL patients (1.02 kb deletion in CLN3) and unaffected family 
members. Pluripotency confirmed JNCL patient and control hiPSCs 
were differentiated to RPE and optic vesicles (OVs). OVs were 
harvested at day 20, 35, 55, and 90 coordinate with critical in vivo 
developmental stages of the eye. Immunocytochemistry, qRT-PCR 
and Western blotting were utilized to determine 1) the spatiotemporal 
expression of CLN3, 2) autofluorescent lipopigment accumulation 
and 3) the differentiation and viability of neural retina (NR) cell types 
and RPE in patient vs. control cultures.
Results: CLN3 gene and protein expression peaked at the time 
point of OV formation (D20) and remained similar between 
control and patient hiPSC OVs at all time points evaluated. An 
increased accumulation of autofluorescent material, corresponding 
to lipopigment excitation/emission spectrum, was seen in patient 
OVs and RPE. While, neural retinal progenitor cells gave rise to 
all NR cell types in control and patient OVs, gene and protein 
expression analysis suggested the specific loss of ganglion, bipolar 
and photoreceptor cells at 90 days in patient-derived OVs. In contrast 
expression of glial markers (S100, GFAP) was increased in patient-
OVs compared to control OVs.
Conclusions: hiPSC-derived retinal model of JNCL displays several 
important features consistent with the disease pathology including 1) 
autofluorescent material accumulation in NR and RPE, 2) decreased 
expression of neural retina markers in photoreceptors, bipolar cells 
and ganglion cells and 3) increased expression of glial markers. 
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Furthermore, this hiPSC model of JNCL suggests that CLN3 loss of 
function but not loss of expression leads to the disease pathology.
Commercial Relationships: Chad A. Galloway, None; 
Sonal Dalvi, None; Lauren Winschel, None; Leslie MacDonald, 
None; Ruchira Singh, None
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