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Long term protection of cone photoreceptors in a mouse model of 
Leber congenital amaurosis-1 by deletion of S-opsin
Nduka Enemchukwu1, HUI XU1, 2, Mackenzie Parker1, 3, Lynn Zhu1, 3, 
Yingbin Fu1. 1Cullen Eye Institute, Baylor College of Medicine, 
Houston, TX; 2Interdepartmental Program in Neuroscience, 
University of Utah, Salt Lake City, UT; 3Rice University, Houston, 
TX.
Purpose: Mutations in GUCY2D, the gene encoding guanylate 
cyclase 1 (GC1), cause Leber congenital amaurosis-1 (LCA1), the 
most severe form of early-onset inherited blinding disease. Previous 
studies have shown that both medium (M)- and short-wavelength (S)-
opsins are mislocalized in GC1 knockout Gucy2e-/- mice. In addition, 
ventral and central cones degenerate more rapidly than dorsal cones 
in Gucy2e-/- mice. The objectives were to investigate why ventral and 
central cones degenerate much more rapidly than dorsal cones in this 
murine LCA1 model.
Methods: We used the Gucy2e-/- mouse model to examine our 
hypothesis that mouse S-opsin is more likely to cause cone 
degeneration than mouse M-opsin in LCA1 mouse model. 
Subcellular localization of mouse M and S opsins was examined 
by immunohistochemistry. The mRNA and protein levels of cone 
opsins were analyzed by real-time RT-PCR and western blotting, 
respectively, at two stages of cone degeneration, 1) 2-week, pre-
degeneration, and 2) 5-week, early-stage degeneration. The role of 
S-opsin in Gucy2e-/- cone degeneration was determined by genetic 
deletion of S-opsin and assessment of cone survival.
Results: Although both M and S cone opsins mistrafficked, as 
reported previously, mislocalized M-opsin was degraded whereas 
mislocalized S-opsin accumulated in Gucy2e-/- cones before the onset 
of massive ventral/central cone degeneration. Whereas approximately 
90% of the cones in the central and ventral regions of Gucy2e–/– 
retina, respectively, degenerated within ten weeks, deletion of a 
single allele of S-opsin (Gucy2e–/–Opn1sw+/–) maintained 50% of 
the cones in the central and ventral regions for at least 10 weeks. By 
six months, all central and ventral region cones in Gucy2e–/– were 
degenerated. However, deletion of both alleles of S-opsin (Gucy2e–

/–Opn1sw–/–) maintained 100% of the cones in the central and ventral 
regions for at least nine months. These findings suggest a dose 
dependent and progressive pathological effect of S-opsin in Gucy2e–/– 
retinas.
Conclusions: Our results suggest that S-opsin accumulation is 
responsible for the rapid cone degeneration in the central and ventral 
retina of Gucy2e–/– mice.
Commercial Relationships: Nduka Enemchukwu, None; HUI XU, 
None; Mackenzie Parker, None; Lynn Zhu, None; Yingbin Fu, 
None
Support: Knights Templar Eye Foundation Career-Starter Grant
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Selection of candidate genes implicated in cone survival by 
photoreceptor transcriptome analysis
Samantha PAPAL1, Mackenzie Tennison1, Vijender Chaitankar1, 
Hyun-Jin Yang1, Matthew Brooks1, Jung-Woong Kim1, 2, 
Anand Swaroop1. 1Neurobiology-Neurodegeneration & Repair 
Laboratory, National Eye Institute, National Institutes of Health, 
Bethesda, MD; 2Department of Life Science, Chung-Ang University, 
Seoul, Korea (the Republic of).
Purpose: Death of rod photoreceptors leads to cone cell 
degeneration, suggesting an indispensible role of rod cells in cone 
survival. Surprisingly, in Nrl-/- rod-free retina, functional cones 
survive for an extended period of time, indicating that other factors 
also contribute to the maintenance of cone cells. We hypothesize that 
direct (cell-cell) or indirect (secreted molecule) interactions between 
cone photoreceptors and other cell types play an essential role in cone 
cell survival in Nrl-/- retina.
Methods: By comparing the gene expression profiles of flow-sorted 
GFP+ cells in Nrl-GFP:Nrl-/- (S-cone-like cells) and Nrl-GFP:Nrl+/+ 
(rod photoreceptors), we selected genes that are at least 2-fold 
overexpressed in S-cone-like cells (false discovery rate ≤ 0.01) at 
postnatal day (P) 6, P10, P14 and P28. These candidate genes were 
filtered for those encoding membrane and secreted proteins according 
to their Gene Ontology annotation. To identify novel targets for 
treatment development, we mainly focused on genes having 
homologs in human and not well characterized in mouse retina. 
Expression patterns of the selected genes in Nrl+/+ and Nrl-/- mature 
retina (P28) were then investigated by In situ hybridization to confirm 
the RNA-seq data.
Results: We identified 2633 genes significantly overexpressed 
(fold change ≥ 2 and false discovery rate ≤ 0.01) in Nrl-GFP:Nrl-/- 
photoreceptors compared to Nrl-GFP:Nrl+/+. Among them, 901 genes 
encode for membrane or secreted proteins. Genes with unknown 
functions and those implicated in cell survival, according to their 
roles in other organs, were selected. After prioritizing the genes based 
on their expression level in Nrl-GFP:Nrl-/- retina and the existence of 
a human homolog, we finalized a list of 21 candidates to focus on. 
In situ hybridization confirmed overexpression of 16 genes at P28 in 
Nrl-/- compared to Nrl+/+. All genes were enriched in photoreceptor 
layer, with 5 mainly absent from other nuclear layers, suggesting 
a possible role in cone photoreceptor development, function or 
survival.
Conclusions: Our study provides candidate genes implicated in 
survival of cone photoreceptors, which may be targets to develop 
treatments for retinal degenerative diseases. We are currently 
investigating functions of these genes in the retina by gain- and  
loss-of-function experiments.
Commercial Relationships: Samantha PAPAL, None; 
Mackenzie Tennison, None; Vijender Chaitankar, None;  
Hyun-Jin Yang, None; Matthew Brooks, None; Jung-Woong Kim, 
None; Anand Swaroop, None
Support: Intramural research program of the National Eye Institute
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Conditional self-knockout of otx2 mice: a new model for late-
onset neuronal degeneration
Pierre-Paul Elena1, Sophie Antonelli1, Virginie Mauro1, 
Cimbolini Nicolas1, Thomas Lamonerie2, Laurence Feraille1. 1Iris 
Pharma, La Gaude, France; 2Université de Nice, NICE, France.
Purpose: The major cause of adult blindness is the progressive 
dysfunction and death of retinal photoreceptors (PR). In some 
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inherited retinal degeneration, mutation in retinal pigment epithelium 
(RPE) appears to be the initial site of pathogenesis. In the mature 
retina, otx2, a transcription factor, is strongly expressed and 
implicated in RPE function integrity. The purpose of the study was to 
confirm that conditional otx2 self-knockout induced RPE dystrophy 
and photoreceptor degeneration in mouse and this model could be 
used as a new model for late-onset neuronal degeneration.
Methods: Conditional self-knockout of otx2 was induced by 
tamoxifen injection in Otx2CreERT2/flox mice. The mice Otx2CreERT2/flox and 
wild type (129Sv) were examined from P30 (induction) to 3 months. 
The phenotypic changes within the retina were evaluated by fundus 
photography, fluorescein angiography, optical coherence tomography, 
and immunohistochemistry To investigate functional consequences of 
otx2 ablation, we performed electroretinography.
Results: En face imaging in otx2 and wild type mice 3 weeks after 
tamoxifen treatment failed to detect signs of retinal degeneration. 
In contrast, cross-sectional images SD-OCT imaging showed a 
complete lack of outer and inner segments (OS/IS) in Otx2CreERT2/

flox with ONL-OS/IS thickness of 57 ± 2.0 µm (mean ± SD, n=10) in 
comparison with wild type, 93.8 ± 2.0 µm. Scotopic and photopic 
ERG recordings revealed a decrease of rod and cone response after 
otx2 ablation. Histology confirmed the loss of OS/IS.
Conclusions: The study showed that otx2 ablation in adult 
retina induced a photoreceptor degeneration. This photoreceptor 
degeneration is related to RPE dysfunction (Housset, 2013) providing 
a new model for late-onset neuronal degeneration.
Commercial Relationships: Pierre-Paul Elena, IRIS PHARMA 
(E); Sophie Antonelli, IRIS PHARMA (E); Virginie Mauro, 
IRIS PHARMA (E); Cimbolini Nicolas, IRIS PHARMA (E); 
Thomas Lamonerie, None; Laurence Feraille, IRIS PHARMA (E)
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Pathologic poly(ADP-ribose) polymerase (PARP) activation 
contributes to retinal degeneration in mice with retinal NAD+ 
deficiency
Jonathan Lin1, Andrea Santeford1, Teresa Chen1, Mitsukuni Yoshida2, 
Shin-ichiro Imai2, Rajendra S. Apte1, 2. 1Ophthalmology & Visual 
Sciences, Washington University School of Medicine, Saint Louis, 
MO; 2Developmental Biology, Washington University School of 
Medicine, Saint Louis, MO.
Purpose: We previously demonstrated that the dominant 
mammalian NAD+ biosynthetic pathway mediated by nicotinamide 
phosphoribosyltransferase (NAMPT) is essential for photoreceptor 
survival and vision in mice. However, why photoreceptors are 
exquisitely sensitive to perturbations in the NAMPT-mediated 
pathway remains unclear. This study tests the hypothesis that NAD+ 
utilization due to pathologic poly(ADP-ribose) polymerase (PARP) 
activation contributes to retinal degeneration in mice with retinal 
NAD+ deficiency.
Methods: We generated mice with Nampt deleted specifically 
from rod photoreceptors (Nampt-rod/-rod) using the Cre-lox system 
and quantified retinal PARP activation by Western blotting. Next, 
we measured the reductive capacity and cell survival of 661W 
photoreceptor cells treated with various combinations of the NAMPT 
inhibitor FK866 (20 µM) and the PARP inhibitors ABT-888 (2 nM) 
and BYK204165 (400 nM) with the WST-1 and calcein AM assays, 
respectively. Finally, we gave Nampt-rod/-rod mice daily intraperitoneal 
injections of ABT-888 (20 mg/kg body weight) beginning at 
postnatal day 5 (P5) and tested retinal function at P28-P30 with 
electroretinography (ERG). For all analysis, we considered p < .05 to 
be statistically significant.

Results: We found that retinas from 3-week-old Nampt-rod/-rod mice 
contained more PARylated proteins at 3 weeks compared to NamptF/F 
littermates, indicating substantial PARP activation. In addition, 
treatment with either PARP inhibitor ABT-888 or BYK204165 
significantly reduced the toxic effect of FK866-mediated NAMPT 
inhibition on the reductive capacity (p < .01) and cell survival (p < 
.05) of photoreceptor cells. Finally, Nampt-rod/-rod mice treated daily 
with the PARP inhibitor ABT-888 beginning at P5 had improved 
scotopic (p < .05) and photopic (p < .01) ERG responses compared to 
vehicle-treated Nampt-rod/-rod mice at P28-P30.
Conclusions: Our results show that pathologic PARP activation 
contributes to retinal degeneration in mice with retinal NAD+ 
deficiency. Our findings suggest that PARP inhibition may have 
therapeutic efficacy against diverse blinding diseases. Future studies 
will test whether PARP activation is pathologic in other mouse 
models of retinal degeneration and explore the therapeutic efficacy of 
using PARP inhibitors in conjunction with NAD+ intermediates.
Commercial Relationships: Jonathan Lin, None; 
Andrea Santeford, None; Teresa Chen, None; Mitsukuni Yoshida, 
None; Shin-ichiro Imai, None; Rajendra S. Apte, None
Support: NIH Grants R01EY019287, P30EY02687, T32GM007200, 
UL1TR000448, TL1TR000449; Carl Marshall Reeves and Mildred 
Almen Reeves Foundation; Research to Prevent Blindness; Schulak 
Family Gift Fund for Retinal Research; Jeffrey Fort Innovation Fund; 
Hope For Vision
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Transduction of photoreceptors following subretinal injections of 
AAV5 and helper-dependent adenovirus in human retina ex vivo 
and pig retina in vivo
Brittni Scruggs1, 2, Erin R. Burnight2, Chunhua Jiao1, 2, 
Luke A. Wiley1, 2, Robert F. Mullins1, 2, Edwin M. Stone1, 2, 
Budd Tucker1, 2, Elliott Sohn1, 2. 1Ophthalmology and Visual Sciences, 
University of Iowa, Iowa City, IA; 2The Stephen A. Wynn Institute 
for Vision Research, Roy J. & Lucille A. Carver College of Medicine, 
Iowa City, IA.
Purpose: Gene therapy for degenerative retinal diseases has 
demonstrated promise, but published studies regarding tropism and 
distribution, particularly in large animals and human retina, are scant 
for many potential therapeutic vectors. We tested the hypotheses that 
1) AAV5 and helper-dependent adenoviral vectors could transduce 
existing photoreceptor cells and 2) distribution could be monitored by 
localization of GFP expression.
Methods: AAV5-GFP or hdAd5-GFP were delivered to human 
retinal explants ex vivo and to Yucatan miniature pigs following 
vitrectomy and subretinal injection in vivo. For in vivo experiments, 
indirect ophthalmoscopy was performed at sacrifice (e.g., 1 month 
post-op) to detect retinal reattachment, RPE changes, and location 
of GFP-positive regions. Human retina and pig eyes were fixed in 
4% paraformaldehyde and sectioned for gross examination of the 
GFP-positive regions. Immunofluorescence staining with anti-GFP 
and anti-RPE65 antibody was used to detect GFP-transduced cells 
and RPE changes, respectively. Rhodopsin antibodies were used to 
visualize rods.
Results: Ex vivo transduction: at 7-days post-delivery, robust GFP 
expression was restricted to photoreceptor cells of the ONL in AAV5-
GFP transduced human retinal explants. Although transduction 
of human retinal explants with hdAd5-GFP also induced GFP 
expression in photoreceptor cells, unlike AAV5, GFP expression 
was more widespread. Specifically, hdAd5 was also found to target 
inner retinal cells including Muller glia. In vivo transduction: All pig 
eyes receiving AAV5-GFP (n=6) and hdAd5-GFP (n=6) had diffuse 
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GFP-positivity in the region of the blebs one month after treatment. 
Mild RPE changes were seen surrounding the blebs. Comparing H&E 
sections to corresponding immunofluorescence sections, there was 
high transduction efficiency of photoreceptors (>95%) in all animals, 
with GFP expression detected throughout the region of the bleb.
Conclusions: AAV5 and HD-ADV are effective viral vectors for 
photoreceptors following subretinal delivery to human retina ex vivo 
and to pig in vivo that should allow gene therapy of all inherited 
retinal degenerative diseases regardless of gene size.
Commercial Relationships: Brittni Scruggs, None; 
Erin R. Burnight, None; Chunhua Jiao, None; Luke A. Wiley, 
None; Robert F. Mullins, None; Edwin M. Stone, None; 
Budd Tucker, None; Elliott Sohn, None
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mir-204/211 in RPE/photoreceptor crosstalk: an intricate 
relationship
Ivan Conte1, Sandro Banfi1, Enrico Maria Surace1, Sabrina Asteriti2, 
Lorenzo Cangiano2, Elena Marrocco1, Mariateresa Pizzo1, 
Sara Barbato1, Danila Falanga1, Daniela Intartaglia1, 
Federica Naso1. 1Telethon Institute of Genetics and Medicine, 
Pozzuoli, Italy; 2Department of Translational Research, University of 
Pisa, Pisa, Italy.
Purpose: In last decade, the microRNAs (miRNAs) are emerging 
as key players in the control of fundamental biological processes. 
We recently identified miR-204/211 miRNA family as new “key 
regulator” of vertebrate eye development. We demonstrated their role 
in eye morphogenesis including lens formation and dorso-ventral 
patterning of the retina. We also showed their contribution in the 
control of axon guidance of retinal ganglion cells and we identified 
a dominant mutation in miR-204 as the genetic cause of a unique 
phenotype of photoreceptor degeneration and coloboma. While the 
role of miR-204/211 in eye development has been characterized, 
the relationship occurring between their function and photoreceptor 
development and function is still not completely characterized. To 
gain insights in this direction, here, we focus on the in vivo role of 
both miR-204 and miR-211, in both mammalian and teleost models.
Methods: Both miR-204 and miR-211 in RPE/Photoreceptor 
crosstalk was assessed by genetic deletion, which specifically 
eliminated the precursor sequence of miR-204 and miR-211 from the 
medaka and mouse genome, respectively. Analysis of eye phenotypes 
has included morphological inspection and detection of modification 
in the expression of retina markers by in situ hybridization 
experiments. Immunohistochemistry was also used to detect cell type, 
proliferation, and cell programmed death markers in the adult retina.
Results: We found that deletion of miR-204 and miR-211 in mouse 
and medaka fish, respectively, resulted in specific eye phenotype, 
which revealed a progressive photoreceptor cell degeneration 
characterized by an impaired electroretinogram (ERG) response to 
light stimuli. Additionally, our data demonstrate that the effects of 
miR-204 over-expression in photoreceptor cells of medaka fish also 
promote opposite changes in the levels of expression of photoreceptor 
cell specific markers
Conclusions: Taken together, these results not only allow us to 
gain a comprehensive understanding of miR-204/211 function and 
dysfunction but also established the existence of precise network 
between miR-204/211 function and the RPE/photoreceptor crosstalk 
opening new perspective for the use of this knowledge to develop 
novel therapeutic strategies to treat inherited retinal dystrophies
Commercial Relationships: Ivan Conte, None; Sandro Banfi, 
None; Enrico Maria Surace, None; Sabrina Asteriti, 
None; Lorenzo Cangiano, None; Elena Marrocco, None; 

Mariateresa Pizzo, None; Sara Barbato, None; Danila Falanga, 
None; Daniela Intartaglia, None; Federica Naso, None
Support: BRIGHTFOCUS FOUNDATION
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Temporal Changes in Complement Gene Expression During 
Photoreceptor Degeneration in a Mouse Model of Retinitis 
Pigmentosa
Sean Silverman, Wenxin Ma, Wai T. Wong. UNGIRD, NIH/NEI, 
Bethesda, MD.
Purpose: Photoreceptor (PR) degeneration in retinitis pigmentosa 
(RP) has been associated with immunological activation and 
microglial responses. However, contributing immune mechanisms are 
incompletely understood. We investigated the presence and pattern of 
complement expression and activation in a mouse model of RP.
Methods: Retinas from mice harboring the Pde6brd10 mutation and 
C57Bl6 WT controls were analyzed on postnatal days (P) 16, 21, 24, 
27, and 30. mRNA expression of complement genes was analyzed 
with rtPCR, and complement expression and localization was 
performed using immunohistochemistry.
Results: Comparisons between rd10 retinas prior to (P16) and 
during rod degeneration (P21-30) revealed significant upregulation 
of mRNA expression of genes in the complement system. Classical 
pathway components including C1qa (3.02±1.07 fold increase (X)), 
C1qb (4.93±1.15X), C4b (15.51±1.25X), and C1inh (6.19±1.37X) 
displayed significant increases at P21(p<0.01 for all comparisons) 
that were maintained or increased up to P30. Among complement 
genes in the alternative cascade, C3 (12.63±1.57X) and Cfb 
(23.92±0.29X) showed significant upregulation at P21 (p<0.01), and 
tended to decrease thereafter. Expression of complement receptors 
which are typically enriched in microglia C3aR (6.25±0.62X), 
C5aR (3.93±0.88X), and CR3 (3.72±0.57X) were also increased, 
peaking at P24 (p<0.01). In contrast, expression levels of these 
complement genes in age-matched WT retinas were largely 
stable. Immunofluorescence analyses demonstrated low levels of 
immunopositivity for complement proteins in WT controls and in the 
P16 rd10 retina. However, increased C1QA and C4 immunopositivity 
was observed beginning at P21, colocalizing to activated microglia in 
the ONL. Punctate C3b immunopositivity also emerged in the OPL 
and ONL at P21. CFH immunopositivity was strongly increased at 
P27 in the ONL, despite minor changes in mRNA levels.
Conclusions: Expression of multiple complement molecules was 
significantly increased in the rd10 retina, temporally coincident with 
the onset of PR degeneration. Immunocolocalization of C1QA and 
C4 expression to activated microglia suggests microglial involvement 
in complement-mediated mechanisms. Future investigations into 
the involvement of complement in microglia-PR interactions and 
degeneration are warranted.
Commercial Relationships: Sean Silverman, None; Wenxin Ma, 
None; Wai T. Wong, None
Support: NEI Intramural Research Program
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Efficient electrotransfer-mediated transfection of rd10 retinas 
using the non-viral Sleeping Beauty transposon system
Sabine Diarra1, Florian Waschkowski4, Aracelys Garcia 
Moreno4, Christine Haselier1, Stephan Hesse1, Zsuzsanna Izsvák6, 
Zoltán Ivics7, Gabriele Thumann3, Frank Muller5, Wilfried Mokwa4, 
Sandra Johnen1, Peter Walter2. 1Department of Experimental 
Ophthalmology, University Hospital RWTH Aachen, Aachen, 
Germany; 2Department of Ophthalmology, RWTH Aachen 
University, Aachen, Germany; 3Department of Ophthalmology, 
University Hospital of Geneva, Geneva, Switzerland; 4Institute for 
Materials in Electrical Engineering, RWTH Aachen University, 
Aachen, Germany; 5Institute of Complex Systems, Cellular 
Biophysics, ICS-4, Aachen, Germany; 6Molecular Medicine in the 
Helmholtz Association, Max Delbrück Center, Berlin, Germany; 
7Division of Medical Biotechnology, Paul Ehrlich Institute, Langen, 
Germany.
Purpose: In several non-viral gene therapeutic approaches, the 
delivery of nucleic acids is mediated by the physically-based 
electroporation method. Here, cells are exposed to an electrical 
field in order to initiate a directed gene transfer. The distance 
between the electrode and the addressed target tissue is an essential 
electroporation parameter. To perform an efficient, well tolerable, 
temporally and spatially controlled transfection, specified electrode 
geometries, low voltage applications and suitable plasmid constructs 
are requested. Our approach aims at establishing an efficient delivery 
protocol of a transgene into retinal tissue using the non-viral Sleeping 
Beauty (SB100X) transposon system introduced by multielectrode 
arrays (MEA) specifically optimized for electroporation procedures. 
Here, we compare a protocol of a pipette-based electroporation 
system with commercially available and custom-made MEA 
structures using a Venus reporter gene in degenerated retinas of the 
rd10 mouse model.
Methods: Retinas were isolated from C57BL/6 and Pde6brd10 mice 
of different ages. Retinal explants were co-transfected with 30 ng of 
pT2-CMV-SB100X transposase plasmid and 470 ng of pT2-CAGGS-
Venus transposon plasmid. Two days after transfection, Venus 
transgene expression was analysed via fluorescence microscopy. 
Immunohistochemical analysis was performed to identify the 
transfected cell types. For the MEA-based electroporation, different 
buffers were established and pulse parameters were tested with regard 
to survival of the transfected cells.
Results: Effective transfection was demonstrated in independent 
pipette-based experiments performed with explants of degenerated 
rd10 retinas. However, transfection of wild type retinas was less 
efficient. Using the MEA system, retinas well tolerated tested 
electroporation buffers and applied pulse parameters and showed 
high viability rates of at least 74%.
Conclusions: Electroporation-mediated transfection of retinas ex vivo 
with the plasmid DNA-based SB100X transposon system resulted in 
efficient and stable Venus transgene expression. Using multielectrode 
arrays as electroporation device to transfect retinal tissue is a very 
first step towards the development of an ocular prosthesis that, 
besides its electrical stimulation properties, can be used for a locally 
applied non-viral gene therapy to treat retinal degenerative diseases.
Commercial Relationships: Sabine Diarra, None; 
Florian Waschkowski, None; Aracelys Garcia Moreno, 
None; Christine Haselier, None; Stephan Hesse, None; 
Zsuzsanna Izsvák, None; Zoltán Ivics, None; Gabriele Thumann, 
None; Frank Muller, None; Wilfried Mokwa, None; 
Sandra Johnen, None; Peter Walter, None
Support: ERS Grant OPSF337
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ER-resident BH3-only protein, BNip1, induces apoptosis in 
response to excessive activation of vesicular transport in zebrafish 
photoreceptors
Yuko Nishiwaki, Miyuki Suenaga, Masato Araragi, Ichiro Masai. 
Developmental Neurobiology Unit, Okinawa Institute of Science and 
Technology, Kunigami-gun, Japan.
Purpose: In zebrafish, a BH3-only SNARE protein, BNip1, induces 
photoreceptor (PR) apoptosis in response to vesicular fusion defects 
(Nishiwaki et al. (2013) Dev Cell 25, 374-387). The aim of our 
research is to elucidate physiological roles of BNip1 in PR apoptosis.
Methods: In zebrafish photoreceptors, β-SNAP regulates vesicular 
fusion process. In zebfrafish β-SNAP mutant, photoreceptors undergo 
BNip1-dependent apoptosis. Here, we examined a critical period 
of BNip1-dependent PR apoptosis in zebrafish. In β-SNAP mutant, 
PR degeneration mainly occurs in 2–3 days post-fertilization (dpf) 
when protein transport to the outer segment is highly activated. β-
SNAP was overexpressed under the control of heat-shock promoter 
in different time windows and examined which time window PR 
apoptosis was rescued. Next, we decreased the level of protein 
transport through the connecting cilium to the outer segment in the β-
SNAP mutant by injection of morpholino- antisense oligos for intra-
flagella transport regulator, IFT88 and Kif3b, and examined whether 
PR apoptosis was inhibited at 3.5 dpf.
Results: Overexpression of β-SNAP after 48 hpf rescued PR 
apoptosis, whereas overexpression after 72 hpf did not recover PR 
survival. These data suggest that 48–72 hpf is the critical period for 
BNip1-dependent PR apoptosis. Next, we over-expressed β-SNAP 
only in the embryonic stage from 1 to 5 dpf, bred larvae by 21 
dpf, and examined PR apoptosis. In this case, PRs survived. Thus, 
β-SNAP activity in 2–5 dpf is enough to maintain PRs until 21 dpf. 
Furthermore, the blockade of IFT88- and Kif3b-depedent protein 
transport also rescued PR apoptosis in zebrafish β-SNAP mutants.
Conclusions: Our data indicate that the depletion of β-SNAP 
activates BNip1-dependent apoptosis in zebrafish PRs during 
PR differentiation, in which photoreceptive proteins are actively 
synthesized and transported to the outer segment. Furthermore, when 
protein transport to the outer segment is inhibited, PR survival is 
recovered in the β-SNAP mutant. We propose that BNip1 functions 
as a safe guard mechanism that inhibits excessive activation of 
vesicular transport during PR differentiation.
Commercial Relationships: Yuko Nishiwaki, None; 
Miyuki Suenaga, None; Masato Araragi, None; Ichiro Masai, 
None
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Whole-organism HTS Identifies Synergistic Drug Combinations 
Promoting Rod Photoreceptor Survival in a Zebrafish Model of 
Retinitis Pigmentosa
Liyun Zhang, Conan Chen, Jeff S. Mumm. Wilmer Eye Inst-Smith 
Bldg Rm 4001, Johns Hopkins School of Medicine, Baltimore, MD.
Purpose: Retinitis pigmentosa (RP) is caused by the death 
of rod photoreceptors. The purpose of this study was to use a 
whole-organism high-throughput screening (HTS) platform to 
identify human-approved drugs which promote the survival of rod 
photoreceptors in an inducible zebrafish model of RP.
Methods: Transgenic zebrafish which enabled prodrug 
(metronidazole)-induced rod cell apoptosis were used to identify 
drugs that protect rod cells. Five day old zebrafish were dispensed 
into individual wells of a 96-well plate containing test compounds 
from the John Hopkins Drug Library (2934 predominantly human-
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approved drugs). Each drug was tested across six concentrations 
(4µM - 125nM) and 16 fish per condition; with controls, more 
than 500,000 fish were screened. After a 4 hr pre-exposure to test 
drugs, larvae were exposed to 2.5 mM metronidazole to induce rod 
cell apoptosis. Surviving rod cell numbers were then quantified by 
measuring reporter levels with a fluorescent plate reader. Effect sizes 
were compared across compounds to establish and prioritize “hits”. 
Top-performing hits underwent a minimum of three biological repeats 
for validation; confocal microscopy was used to verify effects on rod 
cell protection. Validated hits were then assessed in combination to 
test for additive effects on rod cell protection.
Results: Validation efforts focused on 42 top-performing hits. Of 
these, 8 compounds passed all validation criteria, including visual 
verification of preserved rod cell numbers, and have moved forward 
as lead drug candidates. Interestingly, seven separate signaling 
pathways, based on known molecular mechanism of action (MoA) 
data, were predicted to function in rod cell neuroprotection. 
Combinatorial assays demonstrated additive effects for 7 of 28 pairs 
tested, producing improved rod cell protection relative to individual 
drug treatments.
Conclusions: Whole-organism HTS drug screening successfully 
identified several potentially synergistic neuroprotective 
compounds in an inducible zebrafish model of RP. We conclude that 
combinatorial therapies targeting complementary neuroprotective 
signaling pathways may provide an improved strategy for protecting 
and maintaining function of rod photoreceptors in RP patients.
Commercial Relationships: Liyun Zhang, None; Conan Chen, 
None; Jeff S. Mumm, None
Support: Foundation Fighting Blindness / Wynn-Gund TRAP Award
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Contrast sensitivity threshold correlates to the progressive 
degeneration of photoreceptors in a mouse model of retinitis 
pigmentosa
Kin-Sang Cho1, Jiaxin Xiao1, 2, Muhammed Yasin Adil1, 2, Tor Utheim3, 
Dong F. Chen1. 1Schepens Eye Research Institute, Boston, MA; 
2Faculty of Medicine, University of Oslo, Oslo, Norway; 3Department 
of Oral Biology, University of Oslo, Oslo, Norway.
Purpose: Rhodopsin knockout mouse (Rho-/-) is a commonly used 
model for studying the mechanism and treatment strategies of 
photoreceptor degeneration in retinitis pigmentosa. The optomotor 
responses (OMR) and visual perception during disease progression 
in Rho-/- mice is less clear. Thus, we will investigate the OMR and 
its correlation to the progressive loss of photoreceptors and retinal 
function in Rho-/- mice.
Methods: The survival of photoreceptors, retinal function and 
visual performance of wild type (WT) and Rho-/- mice (n=8/group) 
were tracked non-invasively in live animals biweekly starting from 
6 weeks old up to 12 weeks old. Retinal structure was imaged by 
spectrum domain-optic coherence tomography (SD-OCT; Bioptigen) 
and the outer nuclear layer (ONL) thickness was quantified by Image 
J software. The b-wave amplitude of ERG response with light and 
dark-adapted conditions was measured by ColorDome (Diagnosys). 
The the contrast sensitivity (CS) and visual acuity (VA) thresholds of 
OMR was examined. All experiments were performed in a masked 
fashion. Statistical analysis was performed using SPSS (v23.0).
Results: In WT mice, the ONL thickness, ERG responses and OMR 
remained constant up to 12 weeks old. As expected, 6 weeks old Rho-

/- mice showed a significant thinner ONL comparing to age-matched 
WT mice (Mann-Whitney U test, P<0.05). Rho-/- mice displayed 
a progressive decrease of ONL thickness and b-wave amplitude 
(One-way AVOVA with Games Howell post hoc test, P<0.05) from 

6 – 12 weeks. Correlating with progressive photoreceptor loss, we 
observed significant and progressive declines of CS threshold in 6 to 
12 weeks old Rho-/- mice (One-way AVOVA with Games Howell post 
hoc test, P<0.05). Nevertheless, the VA threshold was rather constant 
until an abrupt drop at 12 weeks old. The CS threshold in Rho-/- mice 
displayed a stronger association with the reduction of ONL thickness 
(r=0.94) and b-wave amplitude ((r=0.8) of ERG (P<0.05 for all).
Conclusions: Contrast sensitivity has a strong correlation to the ONL 
thickness and the retinal function of Rho-/- mice. It suggests that OMR 
could be a non-invasive approach to evaluate the progression of 
photoreceptor degeneration in Rho-/- mice or in other animal models 
of photoreceptor degeneration.
Commercial Relationships: Kin-Sang Cho; Jiaxin Xiao, None; 
Muhammed Yasin Adil, None; Tor Utheim, None; Dong F. Chen, 
None
Support: NIH/NEI (R41 EY025913 and R01EY025259), the Core 
Grant for Vision Research from NIH/NEI to the Schepens Eye 
Research Institute (P30EY03790)
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Transcriptomics of isolated photoreceptor cells reveal profiling of 
genes linked to function and retinal degeneration
Marie-Audrey I. Kautzmann, Jessica Heap, Nicolas G. Bazan. 
Neuroscience, LSUHSC, New Orleans, LA.
Purpose: Photoreceptors cells (PRC) are highly specialized cells 
with high metabolic requirements. The homeostasis maintenance 
of these cells relies on a plethora of genes involved in different 
functions converging into pathways that ultimately are involved 
in the PRC survival. Mutations in these genes, leading to PRC 
degeneration, have been documented; what is missing is to decipher 
the molecular principles underlying the gene disruption. The retina is 
a heterogeneous tissue composed of six types of neurons and one type 
of glia. Traditional qPCR analysis of the whole retina mask the true 
signature of differentially expressed genes in specific cell types. The 
purpose of this study is to investigate transcriptomics, specifically in 
PRC, and to define networks and pathways linked to retina functions 
and diseases at the single cell level.
Methods: Wild type mouse retinas were dissociated using papain 
and trituration to obtain an enriched supernatant fraction composed 
of isolated PRC. Cells captured in microfluidic chambers were lysed. 
Their content was then reverse transcribed and subsequent cDNA 
was pre-amplified for qPCR processing. Primer sets targeting specific 
biomarkers were used to confirm the cells identity; primer sets for 
candidates and known targets for retinal functions and diseases were 
tested.
Results: Genes such as Nrf2, Elovl4, Peripherin2 and Tulp1 were 
found to be amongst the highly expressed genes in our dataset. Since 
this analysis was performed in wild type PRC, the other genes linked 
to cell stress, such as Bad, TNF-alpha and IL-6, were found at low 
abundance or near undetectable levels.
Conclusions: We were able to positively detect differential 
expression of genes in relatively high level in isolated PRC. Amongst 
these genes, AdipoR1 was highly expressed. This gene encodes a 
protein that when genetically ablated, leads to a “flecked form” of 
retinal degeneration in mouse (Rice et al 2015) and is involved in 
human autosomal dominant retinitis pigmentosa (Zhang, J. Human 
Genetics 2016). This approach compares, defines and analyzes gene 
expression and gene networks in isolated photoreceptor cells and 
offers an innovative method for identifying the genes signatures in a 
given cell type.
Commercial Relationships: Marie-Audrey I. Kautzmann, None; 
Jessica Heap, None; Nicolas G. Bazan, None
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Photoreceptors show age-dependent ability to regain function 
after restoration of target gene expression in mouse models of 
Bardet Biedl Syndrome
Ying Hsu1, Janelle Garrison1, Poppy Datta2, Gunhee Kim1, 
Darryl Nishimura1, Charles C. Searby1, Seongjin Seo2, Val Sheffield1. 
1Pediatrics, University of Iowa, Iowa City, IA; 2Ophthalmology, 
University of Iowa, Iowa City, IA.
Purpose: Treatment effectiveness at different stages of retinal 
degeneration is a key consideration for gene therapy. In Bardet Biedl 
Syndrome (BBS), photoreceptor degeneration leads to blindness. We 
will address whether photoreceptors, particularly those found at later 
stages of retinal degeneration, can regain function and regenerate 
or remodel their defective outer segments (OSs) upon restoration 
of inactivated genes. The effect of timing on rescue efficiency is 
investigated in two BBS mouse models.
Methods: We used Bbs8 and Lztfl1 (Bbs17) mutant mice, in which 
the gene trap cassette that blocks the target gene expression can be 
eliminated by tamoxifen inducible FLP recombinase. Tamoxifen 
was injected to induce restoration of target gene expression at 5 
different ages: a) postnatal days 9-15 (P9-15) when the OS develops, 
b) P21-P30 with 0-10%, c) at 6 weeks of age with 15-25%, d) at 3 
months of age with ~50%, and e) at 6 months of age with 80-90% 
photoreceptor cell loss. We performed immunohistochemistry, 
electroretinography (ERG), and transmission electron microscopy 
(TEM) to measure rescue effectiveness.
Results: Restoration of gene expression prior to retinal degeneration 
in Groups a) and b) completely restored retinal functions. Restoration 
of gene expression in Groups c) and d) significantly improved ERG 
amplitudes and arrested degeneration. Restoration of gene expression 
at a later stage of degeneration in Group e) showed no significant 
improvement in retinal functions. In Group c), preliminary data 
suggests that re-localization of proteins mislocalized to the OSs 
of BBS mutant retinas including STX3 and STXBP1 is minimal 
despite the restoration of BBS protein levels, and that surprisingly 
mislocalized STX3 and STXBP1 remain in the OS for longer than the 
expected duration considering the rate of normal OS renewal in mice.
Conclusions: Restoration of gene function in photoreceptor cells 
found at a later stages of retinal degeneration cannot restore normal 
OS morphology. Furthermore, BBS mutant mice may have slower 
OS renewal compared to control mice. Understanding the ability 
of photoreceptor cells for functonal recovery and OS remodeling 
or regeneration as disease progresses will contribute to the optimal 
design of gene therapies and aid in critical decision making in clinical 
studies.
Commercial Relationships: Ying Hsu, None; Janelle Garrison, 
None; Poppy Datta, None; Gunhee Kim, None; Darryl Nishimura, 
None; Charles C. Searby, None; Seongjin Seo, None; Val Sheffield, 
None
Support: NIH grant EY-024259

Program Number: 4543 Poster Board Number: B0198
Presentation Time: 11:00 AM–12:45 PM
The role of nuclear transport machinery in regulation of ciliary 
proteins trafficking
Shengping Huang1, Prachee Avasthi2, 1. 1Ophthalmology, University 
of Kansas Medical center, Kansas City, KS; 2Anatomy and cell 
biology, University of Kansas medical center, Kansas city, KS.

Purpose: In eukaryotic cells, flagella and cilia are microtubule based 
cellular organelles. Their structure and functions are remarkably 
conserved throughout the species. In human retina, a photoreceptor 
cell is a specialized sensory neuron that responses to the light, which 
have a modified cilium named as the outer segment (OS). Precise 
control of OS components trafficking into and out of the OS is 
essential for its assembly, maintenance and regeneration. This study 
is to study the molecular mechanisms that control ciliary entry for 
photoreceptor maintenance.
Methods: Here we use different nuclear transport inhibitors, 
combined with molecular and genetic methods, to characterize 
the role of nuclear transport in flagellar entry regulation in 
Chlamydomonas reinhardtii, an ideal model organism for 
investigating flagellar assembly and function
Results: We showed that inhibition of importin β-mediated nuclear 
import shortens flagellar length, whereas blockage of CRM1-
mediated nuclear export has no obvious effect. We also investigate 
the intracellular localization of various Chlamydomonas reinhardtii 
nucleoporin orthologs and hypothesize that nucleoporin localization 
in the flagellar barrier is cell type dependent. Finally, we analyze the 
role of small GTPase (RAN1) mediated nuclear import in flagellar 
protein trafficking and length regulation. Our results will provide new 
insights into OS proteins trafficking and regulation.
Conclusions: Inhibition of nuclear import can shorten flagellar length 
and regulate cilliary proteins trafficking.
Commercial Relationships: Shengping Huang; Prachee Avasthi, 
None
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Intravitreal Administration of Docosahexaenoic Acid derived 
Neuroprotectin D1 Promotes Photoreceptor Cell Survival in A 
Murine Model of Retinal Degeneration
Yuan Gao, Zhengqin Yin. Southwest Eye Hospital, Third Military 
Medical Sch, Chongqing, China.
Purpose: Neuroprotectin D1 (NPD1), a biosynthetic product derived 
from docosahexaenoic acid (DHA), is generating a significant interest 
in neuroprotective bioactivity in retinal degenerative diseases. We 
have reported endogenous formations and important regulatory 
functions of the specialized proresolving mediators (SPMs) in 
the eyes, such as LXA4. The endogenous role of NPD1 in retinal 
degeneration has not been explored. Here, we show that intravitreal 
administration of NPD1 promotes photoreceptor cells survival, 
and extends the functionality of retina, accompanying enhanced 
production of pigment epithelium-derived factor (PEDF) in the retina 
of a murine model of retinal degeneration.
Methods: We performed the intravitreal injections according 
to the timing by measuring the thickness of the outer nuclear 
layer of rd1 mice. rd1 mice were treated with PBS or NPD1, 
respectively. Electroretinography testing was performed to 
evaluate the visual function of the eyes. Retinas were harvested for 
immunohistochemistry and neurotrophin production analysis. The 
structure of the retina was compared between the PBS group and 
NPD1 group. Apoptotic photoreceptors were evaluated by TUNEL 
labeling.
Results: Photoreceptors degeneration in the retina of rd1 mice starts 
from postnatal day 7 (P7), peaks on P14, and completes on P28. 
We therefore started the injections into P7 rd1 mice. At 28d post-
injection, ERG testing was performed and tiny a-wave and b-wave 
indicating that photoreceptors in NPD1 group are weakly functional, 
compared with flat signals in PBS group. IHC analysis of the retinas 
shows that the ONL is 1.74-fold thicker in the NPD1 treated retinas. 
Rare TUNEL-positive cells were detected at P28, since most of the 
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photoreceptors had already degenerated. The retinas with numerous 
photoreceptors were evaluated at P14. The number of TUNEL-
positive cells in the ONL was significantly lower (41%) in NPD1 
treated group compared to PBS treated group at P14. Production of 
PEDF is 192% at mRNA level and 178% at protein level higher than 
the PBS group, respectively.
Conclusions: This study provides evidence for a novel functional 
effect of NPD1 following intravitreal injection in murine eyes with 
retinal degeneration. Therapeutic strategies with SPMs are required 
for further exploration.
Commercial Relationships: Yuan Gao, None; Zhengqin Yin, None
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Pharmacologic and genetic inhibition of the TLR/Myd88 branch 
of the innate immune system reduces retinal degeneration
Abigail Hackam, Kristy Hamlin, Lee Kissel, Joeli Roth, Amit Patel. 
Bascom Palmer Eye Institute, University of Miami, Miami, FL.
Purpose: Toll-like receptors (TLR) and interleukin (IL)-1 receptors 
(IL-1R) are major families of innate immunity receptors that signal 
through the adaptor protein MyD88 to coordinate the inflammatory 
response to injury and stress. The contribution of TLR/IL-1R/MyD88 
signaling to inherited photoreceptor degeneration is not known. In 
this study, we investigated the role of the MyD88 branch of the innate 
immune system during photoreceptor death, and determined the 
therapeutic potential of blocking MyD88, in the rd10 mouse model of 
inherited retinal degeneration.
Methods: The rd10 mice were bred with Myd88 knockout mice (both 
purchased from Jackson Labs) to produce rd10 mice homozygous for 
wildtype or deleted MyD88. MyD88 inhibitory and control peptides 
were purchased from Imgenex and injected IP. Retina function was 
analysed with ERGs, molecular analyses were by Western blotting, 
and microglia were detected on retina sections by immunostaining for 
IBA-1.
Results: ERGs showed increased scotopic and photopic responses 
and lower time-to-peak times in rd10 mice lacking MyD88 (MyD-/-

;rd10) compared with rd10 with wildtype MyD88 (MyD+/+;rd10) at 
post-natal day 30 (p<0.05, n=5). Elevated cone transducin levels were 
also observed in the MyD-/-;rd10 mice, consistent with photoreceptor 
survival (p<0.05, n=5). We also demonstrated that MyD88-/-;rd10 
retinas had significantly higher β-catenin levels (n=4, p<0.05), 
suggesting enhanced activation of canonical Wnt/β-catenin signaling 
could be a potential mechanism of neuroprotection after loss of 
MyD88. We also showed that pharmacologic inhibition of MyD88 
in rd10 mice significantly increased scotopic and photopic b-wave 
amplitudes one week after injection, compared with the control 
peptide (n=8, p<0.05), and reduced microglia numbers in the outer 
nuclear layer by two-fold (p<0.05, n=3).
Conclusions: MyD88 is a novel negative regulator of photoreceptor 
survival in a mouse model of inherited retinal degeneration. We 
propose a model in which TLR/IL-1R/MyD88 signaling are activated 
after photoreceptor injury and lead to microglial activation and retinal 
degeneration, and thus blocking MyD88 protects photoreceptors. 
Systemic delivery of the Myd88 inhibitor was effective, suggesting a 
potential therapeutic strategy for retinal degenerations.
Commercial Relationships: Abigail Hackam, None; 
Kristy Hamlin, None; Lee Kissel, None; Joeli Roth, None; 
Amit Patel, None
Support: Foundation Fighting Blindness, NIH Center Core Grant 
P30EY014801, Research to Prevent Blindness Unrestricted Grant
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Structural and Phenotypic Characterization of a Completely 
Misfolded Rhodopsin Mutant
Megan Gragg, Paul Park. Ophthalmology/VSRC, Case Western 
Reserve University, Cleveland, OH.
Purpose: A majority of rhodopsin-mediated autosomal dominant 
retinitis pigmentosa (adRP) has been linked to mutations resulting 
in misfolded rhodopsin aggregates. This includes the most common 
rhodopsin mutation in the United States, the P23H mutation. The 
mechanism of rhodopsin-mediated adRP is unclear. The extensively 
studied P23H mutation causes partial misfolding of rhodopsin, 
which results in a combination of properly folded and aggregated 
misfolded receptor. The multiple receptor species both can contribute 
to the disease, and therefore the underlying disease mechanism is 
ambiguous. To characterize the structure and effect of misfolded 
rhodopsin aggregates alone and to better understand the mechanism 
of adRP, the completely misfolded G188R rhodopsin mutant was 
investigated.
Methods: To structurally characterize misfolded rhodopsin 
aggregates, Förster Resonance Energy Transfer (FRET) was used 
to monitor interactions between fluorescently tagged rhodopsins 
expressed in transfected HEK293 cells. We developed a FRET 
method that distinguishes between properly folded oligomers 
and misfolded aggregates of rhodopsin. To examine the effect of 
misfolded rhodopsin mutants on the retina, a mouse model expressing 
G188R rhodopsin was generated by CRISPR/Cas9. Retinal 
degeneration was characterized by histology and compared to results 
from C57Bl/6J mice.
Results: G188R mutant rhodopsin expressed in HEK293 cells only 
formed aggregates and treatment with 9-cis retinal did not prevent 
receptor misfolding and aggregation. To examine the effect of 
misfolded rhodopsin aggregates on the retina, G188R rhodopsin 
heterozygous mice were examined. At four weeks of age, the 
G188R rhodopsin heterozygous mice had less nuclei in the outer 
nuclear layer of the retina than in aged matched C57Bl/6J mice. By 
six months of age, no nuclei remained in the outer nuclear layer of 
G188R heterozygous mice.
Conclusions: The G188R mutation in rhodopsin causes misfolding 
and aggregation of the receptor. Aggregates of misfolded receptor 
results in progressive retinal degeneration in mice that is complete 
by six months of age. Aggregation of G188R rhodopsin cannot 
be prevented by chromophore supplementation, and therefore 
this previously proposed therapeutic strategy is predicted to be 
ineffective.
Commercial Relationships: Megan Gragg, None; Paul Park, None
Support: R01EY021731, P30EY011373
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Gene editing in photoreceptor progenitors prevents visual 
function loss in a mouse model of retinal degeneration
Paola Vagni1, Laura E. Perlini2, Martina Parrini2, 
Andrea Contestabile2, Laura Cancedda2, Diego Ghezzi1. 1Medtronic 
Chair in Neuroengineering, École polytechnique fédérale de 
Lausanne, Lausanne, Switzerland; 2Local micro-environment and 
Brain Development Laboratory, Istituto Italiano di Tecnologia, 
Genova, Italy.
Purpose: Currently, there is no known cure for Retinitis pigmentosa 
(RP). Even if some treatments can slow down the progression of the 
disease, none of them can effectively stop retinal degeneration. We 
exploited the possibility of an early intervention in photoreceptor 
progenitors aiming at preventing cell death. For our purpose, we 
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selected the Rd10 mouse model, which carries a point mutation in 
a gene associated with human RP. We designed a CRISPR/Cas9 
gene editing system to repair the mutation taking advantage of the 
increased activity of the homologous directed repair mechanism in 
dividing cells.
Methods: The efficiency of the editing system (composed of guide 
RNA, Cas9, and DNA repair template) was first tested in vitro in 
neural progenitor cells (NPCs) derived from Rd10 mice (n=3). 
The constructs were then injected in vivo in the subretinal space of 
Rd10 pups at postnatal day (P) 1.5 (single treated, ST) or at P1.5 
and P8 (multiple treated, MT). One eye was injected, while the 
other one was kept as internal control. The injection was followed 
by electroporation (electric field: 40 V/cm). The visual acuity was 
measured at P28 with the optomotor test in ST (n=43), MT (n=12), 
sham (n=20), untreated Rd10 (NT, n=13), and WT (n=18) mice. 
One tailed Student’s t-test was used to compare control and treated 
eyes, while one-way ANOVA was used to compare different groups. 
Moreover, the flash visually evoked potentials (fVEPs) were recorded 
from the visual cortex of ST (n=19), MT(n=12), sham (n=17), NT 
(n=4), and WT(n=10) mice at P33.
Results: The net efficiency of the CRISPR/Cas9-mediated DNA 
editing in NPCs was 52.8±11.1%. The visual acuity in the treated 
eye was significantly higher compared to the control eye in ST 
(0.22±0.02c/d vs 0.12±0.01c/d, p<0.01) and MT mice (0.27±0.02c/d 
vs 0.15±0.02c/d, p<0.01). ST and MT mice had a significantly higher 
visual acuity compared to sham (0.11±0.01c/d, p<0.01) and NT mice 
(0.11±0.07c/d, p<0.01). Preliminary measurements of the fVEPs 
showed a partial recovery of the light-evoked response in MT mice.
Conclusions: Our results strongly suggest a positive effect of the 
CRISPR/Cas9-based therapy on photoreceptor survival in our 
model of RP. However, additional morphological analyses and 
electrophysiological tests at different time points are needed to 
assess the preservation of the retinal outer nuclear layer and the 
functionality of the visual pathways.
Commercial Relationships: Paola Vagni; Laura E. Perlini, 
None; Martina Parrini, None; Andrea Contestabile, None; 
Laura Cancedda, None; Diego Ghezzi, None
Support: Global Ophthalmology Awards Program
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Rpe65 knockout prevents T4K rhodopsin-induced retinal 
degeneration in a transgenic X. laevis model of retinitis 
pigmentosa
Paloma Stanar, Beatrice M. Tam, Ruanne Vent-Schmidt, 
Orson L. Moritz. Ophthalmology and Visual Sciences, University of 
British Columbia, Vancouver, BC, Canada.
Purpose: Mutations in rhodopsin a commonly implicated cause of 
retinitis pigmentosa (RP), yet the mechanism underlying the resulting 
death of rods remains unclear. In transgenic X. laevis models of RP, 
we previously examined retinal degeneration (RD) caused by the 
RP-causing rhodopsin mutation T4K, and determined that light is 
required to induce RD, while vitamin A deficiency prevents RD. 
This suggests not only a requirement for the chromophore and 
photoactivated mutant rhodopsin, but also the possibility of a genetic 
interaction between T4K rhodopsin and rpe65, the gene encoding the 
isomerohydrolase responsible for chromophore regeneration. Here 
we tested chromophore dependence of RD caused by T4K rhodopsin 
via knockout (KO) of the genes encoding Rpe65 using CRISPR/Cas9 
technology in X. laevis.
Methods: Cas9, eGFP, and sgRNA targeting sites within exon 7 of 
the X. laevis rpe65 genes were transcribed in vitro and injected into 
fertilized eggs obtained from transgenic X. laevis females expressing 

T4K rhodopsin crossed with wildtype males. Cas9-injected embryos 
were used as controls. 14 day-old tadpoles were sacrificed and 
examined by DNA sequencing. Solubilized eyes were assessed by 
western and dot blot for Rpe65 and rod opsin, while contralateral 
eyes were examined by immunolabeling for confocal microscopy. 
Visual function of KOs was assessed by electroretinography (ERG).
Results: Direct sequencing of PCR products indicated extensive 
editing of rpe65. KO animals showed loss of Rpe65 immunolabeling 
in cryosections, and minimal or no Rpe65 protein on western blot 
and abnormal ERG relative to controls. KO prevented RD in animals 
expressing T4K rhodopsin, but had minimal effects on non-transgenic 
retinas. Dot blot analysis for total rod opsin demonstrated a dramatic 
genetic interaction between the T4K rhodopsin transgene and rpe65.
Conclusions: Our findings confirm the existence of a mechanism of 
RD induced by T4K rhodopsin in which the presence of light and 
bound chromophore exacerbates rod death. Our results indicate that 
vitamin A therapy is contraindicated for RP patients with the T4K 
rhodopsin genotype. Furthermore, our results demonstrate rapid 
assessment of genetic interactions in X. laevis models of RP via 
gene KO in F0 animals. We are currently examining chromophore 
dependence in other X. laevis RP models in order to identify 
genotype-dependent differences in RD mechanisms.
Commercial Relationships: Paloma Stanar, None; 
Beatrice M. Tam, None; Ruanne Vent-Schmidt, None; 
Orson L. Moritz, None
Support: Foundation Fighting Blindness (Canada), National 
Sciences and Engineering Research Council of Canada (NSERC) 
RGPIN-2015-04326
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Differential and additive effects of bFGF and minocycline in two 
animal models of inherited retinal degeneration
Johnny Di Pierdomenico, Diego Garcia-Ayuso, Marta Agudo-
Barriuso, Manuel Vidal-Sanz, Maria P. Villegas-Perez. 
Ophthalmology, Universidad de Murcia- IMIB, Murcia (el Plamar), 
Spain.
Purpose: To analyze during the period of rapid photoreceptor 
death the neuroprotective effects of different neurotrophic factors 
and minocycline and the role of microglia in two animal models 
of inherited retinal degeneration with different mechanisms of 
degeneration.
Methods: Homozygous albino P23H-1 (P10) and pigmented Royal 
College of Surgeons (RCS; P33) rats received one intravitreal 
injection (IVI) of different neurotrophic factors (CNTF, bFGF or 
PEDF) or continuous treatment with intraperitoneal (IP) minocycline 
or a combination of both (IVI of bFGF and IP minocycline). At 
P21 (P23H-1) or P45 (RCS) the retinas were cross sectioned, 
immunoreacted with antibodies against S or L/M opsins, rhodopsin 
or Iba1 and counterstained with DAPI. In automatic photographic 
reconstructions (20x) of three retinal sections per animal (2 animals 
per group), retinal morphology was assessed qualitatively. Also, 
the number of nuclei rows in the outer nuclear layer (ONL) and of 
microglial cells in each retinal layer was quantified manually in eight 
standard areas per retinal section.
Results: In both models, CNTF and PEDF had no effects, but bFGF 
and minocycline increased significantly and in similar proportions 
photoreceptor survival. Also, the combination of minocycline+bFGF 
had additive effects in both models. The numbers of microglial 
cells in the different retinal layers were similar to those observed in 
dystrophic age-matched animals and remained stable after trophic 
factor administration. However, the numbers of microglial cells 
were higher in the GCL and lower in the ONL and OS layer after 
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minocycline treatment, indicating that this antibiotic decreased 
microglial migration from the inner to the outer retinal layers.
Conclusions: In both models of retinal degeneration bFGF and 
minocycline showed neuroprotective effects that were additive. The 
mechanism of protection may thus be different for both substances 
and for minocycline it may be mediated by microglial inhibition.
Commercial Relationships: Johnny Di Pierdomenico, None; 
Diego Garcia-Ayuso, None; Marta Agudo-Barriuso, None; 
Manuel Vidal-Sanz, None; Maria P. Villegas-Perez, None
Support: Supported by grants from Fundación Séneca 19881/
GERM/15; Spanish Ministry of Economy and Competitivenes 
(Spain): SAF-2015-67643; ISCIII-FEDER PI13/00643, 
PI13/01266, PI16/00380, PI16/00031; RETICS: RD12/0034/0014, 
RD16/0008/0026.
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Synergistic protection from retinal degeneration by Combined 
stem cell therapies
Shaomei Wang3, 1, Changqing Zhang3, bin lu3, Sergey Girman3, 
Benjamin Bakondi3, Joshua Saylor3, Zhaohui chen2, 1. 1Medicine, 
David Geffen School of Medicine at UCLA, Los Angeles, CA; 
2Biomedical Science at Cedars-Sinai Medical Center, Heart Institute, 
Los Angeles, CA; 3Biomedical Science at Cedars-Sinai Medical 
Center, Regenerative Medicine Institute, Los Angeles, CA.
Purpose: Neural progenitor cells (NPCs) have been shown effective 
in preserving both photoreceptors and visual function after subretinal 
injection into rodent models for retinal degeneration. Our recent 
studies revealed that a subretinal injection of MSC (MSCSRI) 
combined with intravenous injection of MSC (MSCIV) into the Royal 
College of Surgeons (RCS) rats with inherited retinal degeneration 
offers synergistic protection from retinal degeneration and vision 
loss. The purpose of this study was to investigate clinical relevant 
NPCs combined with MSCIV as adjuvant therapy for preserving 
vision in the RCS rat model for retinal degeneration.
Methods: NPCSRI were performed into the RCS rats at postnatal 
day (P) 21-23, followed by MSCIV on the next day. Blood samples 
were collected at the several time points after the treatments. Visual 
function was examined at P60 and P90. Retinas were collected for 
histology and proteomic analysis.
Results: Combined NPCSRI and MSCIV enhanced visual function 
as tested by optokinetic response (OKR) and electroretinography 
(ERG) compared with NPCSRI alone. Further examination on NPCSRI 
indicated the combined treatments promoted survival of NPCSRI. 
Proteomic analysis revealed that quality of photoreceptors, function 
of retina and engraftment of cells related pathway were up-regulated 
with MSCIV supplementary; apoptosis of neurons, generation of 
reactive oxygen species related pathway were down regulated.
Conclusions: Combined stem/progenitor treatments offer enhanced 
protection from retinal degeneration and vision loss. MSCIV as 
supporting therapy to modulate host immune response and improve 
overall host microenvironment may have broader application to the 
regenerative medicine.
Commercial Relationships: Shaomei Wang, None; 
Changqing Zhang, None; bin lu, None; Sergey Girman, None; 
Benjamin Bakondi, None; Joshua Saylor, None; Zhaohui chen, 
None
Support: NIH grant EY020488; Cedars-Sinai Medical Center Board 
of Governors Regenerative Medicine Institute
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Intravitreal injection of AAV7m8.hLCA5 restores photoreceptor 
function in Lca5-/- mice to nearly WT levels
Puya Aravand1, Ji Yun Song1, Shangzhen Zhou1, Jieyan Pan1, 
Arkady Lyubarsky1, Jean Bennett1, Sergei S. Nikonov1, 2. 
1Ophthalmology, University of Pennsylvania, Philadelphia, PA; 
2Vision Research Center, University of Pennsylvania, Philadelphia, 
PA.
Purpose: Early onset vision loss results from mutations in LCA5, 
which encodes Lebercilin, a protein critical for photoreceptor health 
and function. We tested the possibility that gene augmentation 
therapy restores photoreceptor and retinal function using multi 
electrode array (MEA) in LCA5 mouse model (Lca5-/-).
Methods: Postnatal day 5 Lca5-/- mice received unilateral 
intravitreal injection with AAV7m8.CMV/CBA.hLCA5 (~9.87E+10 
vg/eye) spiked with 5% (v/v) AAV7m8.CBA.GFP. Contralateral eyes 
were uninjected. 5 age-matched wildtype (WT) mice were positive 
controls. Retinas from light-adapted mice were dissected under red 
light and mounted ganglion cell side down in the MEA chamber. 
Calibrated full field flashes of 455 nm light (efficiency of pigment 
excitation ~40%:rhodopsin and M-opsin; ~0.2%:S-opsin) of different 
intensities were used for light stimulation (2 s flashes at 0.1 Hz or 
50 ms flashes at 4 Hz). Data were analyzed using custom code in 
Matlab; spike sorting was performed in Plexon Offline Sorter.
Results: Presence of GFP confirmed exposure of photoreceptors 
to AAV. After 3-4 months, 3 out of 4 injected retinas had strong 
light responses and 1 showed minimal response in MEA testing. 
Responses became detectable at scotopic intensities (42-112 
photons*s-1*µm-2, 455 nm) and strong responses were observed 
through the brightest photopic intensity of 2.00e9 photons*s-1*µm-2. 
Retinas from uninjected eyes showed minimal to abolished responses. 
As expected for rod/cone driven responses, after exposure to brightest 
light, scotopic responses disappeared but photopic responses were 
not significantly affected. Response kinetics were similar to those in 
WT retinas. Light sensitivity was slightly lower in treated Lca5-/- vs 
the most sensitive WT retinas where first responses were detected at 
8-21 photons*s-1*µm-2. All ganglion cell types identifiable in the WT 
retinas under full field stimulation (ON-, OFF- and ON/OFF-types) 
were detected in the Lca5-/- treated retinas after spike sorting. WT 
and treated Lca5-/- retinas were responsive to 4Hz flicker stimulation 
at 3.53e2-2.00e9 photons*s-1*µm-2. All untreated Lca5-/- retinas 
showed slow melanopsin driven responses at brighter intensities 
which were absent in the light sensitive treated Lca5-/- and WT 
retinas.
Conclusions: Given successful transduction, gene therapy can restore 
degenerating retinal cells to a state close to the WT conditions.
Commercial Relationships: Puya Aravand, None; Ji 
Yun Song, None; Shangzhen Zhou, None; Jieyan Pan, None; 
Arkady Lyubarsky, None; Jean Bennett, Biogen (F), Spark 
Therapeutics (S), Sanofi (C), Limelight (F), Gensight Biologics (S); 
Sergei S. Nikonov, None
Support: National Institutes of Health (5 P30 EY001583-42), 
Foundation Fighting Blindness, Research to Prevent Blindness, 
Center for Advanced Retina and Ocular Therapeutics, and the Paul 
and Evanina Bell Mackall Foundation Trust.



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.

Program Number: 4552 Poster Board Number: B0207
Presentation Time: 11:00 AM–12:45 PM
Novel therapeutic approaches for Retinitis Pigmentosa caused by 
mutations in Rhodopsin
Valeria Marigo1, Antonella Comitato1, Clara La Marca1, 
Preeti Subramanian2, Angelo Felline1, Francesca Fanelli1, S 
Patricia Becerra2. 1Life Sciences, Univ of Modena and Reggio 
Emilia, Modena, Italy; 2National Eye Institute, National Institutes of 
Health, Bethesda, MD.
Purpose: About 140 point mutations have been identified in the 
rhodopsin gene (RHO) that cause autosomal dominant Retinitis 
Pigmentosa (adRP), a genetic degenerative disease causing blindness 
in later life. 89% of the biochemically characterized RHO mutants are 
misfolded, supporting the protein-misfolding disease model suitable 
for treatments with pharmacological chaperones. We characterized 
cell death pathways activated by mutations in RHO. The high 
heterogeneity of the mutations calls for targeting its common cell 
death mechanisms. Given that therapies for adRP are still not 
available, approaches to develop novel therapies are explored here.
Methods: Wild type RHO and 33 RHO mutants were analyzed in 
silico by the Protein Structure Network (PSN) approach and in vitro 
in COS-7 cells by analyses of plasma membrane localization using 
an antibody (RetP1) without permeabilization. Eight structures of the 
retinal binding site, central in the structural stability as highlighted 
by the PSN analysis, were targeted by virtual screening of compound 
libraries. In vivo treatment of RhoP23H/+ mice by intravitreal injection 
of the Pigment Epithelium-derived Factor (PEDF) protein was 
followed by western blotting and immunofluorescence analyses of 
cell death pathways.
Results: First, targeting mutations causing protein misfolding was 
based on a new screening paradigm starting in silico and followed 
by in vitro validation. In silico screening led to a selection of 250 
hit compounds. The pharmacological chaperone potential of the 
commercially available compounds from such list was assessed in 
vitro analyzing plasma membrane localization. Compounds showing 
chaperone activities for different misfolded and mislocalized mutants 
will be presented. Second, targeting common molecular mechanisms 
using short-term treatments with PEDF of the RhoP23H/+ mutant retina 
protected 40% of photoreceptors from cell death. PEDF was found 
to reduce activation of calpains and of the apoptosis inducing factor 
(Aif) involved in photoreceptor cell death.
Conclusions: Two different approaches to develop novel therapies 
for adRP caused by mutations in RHO are investigated:1) 
pharmacological chaperone screening, and 2) targeting common cell 
death mechanisms using the neurotrophic factor PEDF.
Funding from Fondazione Roma (call for proposal 2013 sulla 
Retinite Pigmentosa), Italian Telethon Foundation GGP14180 and the 
Intramural Research Program of the NEI-NIH
Commercial Relationships: Valeria Marigo, None; 
Antonella Comitato, None; Clara La Marca, None; 
Preeti Subramanian, None; Angelo Felline, None; 
Francesca Fanelli, None; S Patricia Becerra, None
Support: Fondazione Roma (call for proposal 2013 sulla Retinite 
Pigmentosa), Italian Telethon Foundation GGP14180 and the 
Intramural Research Program of the NEI-NIH
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Secondary cone degeneration in the rd10 mouse is characterized 
by slow progression and increased HDAC activity
Dragana Trifunovic, Eleni Petridou, Marius Ueffing, 
Francois Paquet-Durand. Experimental Ophthalmology,  
University-Eye-Clinic Tuebingen, Tuebingen, Germany.

Purpose: Mutation-independent secondary cone degeneration 
(SCD) is a cause of legal blindness in Retinitis Pigmentosa patients. 
The rd10 mouse model reproduces this human phenotype: It is 
characterized by an early onset and profound rod photoreceptor 
degeneration followed by SCD. As molecular mechanisms of SCD 
remain enigmatic, we investigated the progression of cone cell death 
in rd10 mice. Given that over-activation of histone deacetylases 
(HDAC) was found implicated in rod cell death, we specifically 
investigated HDAC activity in degenerating cones.
Methods: We analyzed cone photoreceptor density by counting cone-
arrestin positive cells per 100 µm at different postnatal (PN) stages 
ranging from PN14 to PN150. Additionally, we also assessed the 
progression of HDAC activity by in situ activity assay. To determine 
if HDAC positive photoreceptors were rods or cones, we performed 
triple co-labeling of HDAC activity with rod- and cone-specific 
markers.
Results: In the rd10 mouse, cone loss started after the extensive 
decline in photoreceptor rows. The first substantial decrease in cone 
density occurred at PN33 with 6.86±0.2 SEM cones per 100 µm 
in rd10, compared to 16.09±0.5 in wt retina. After PN50 the cone 
photoreceptor population decreased very slowly, with cones present 
as long as 13 months postnatal. Increased HDAC activity in rd10 
retinas, showed two peaks, at PN18 (5.53%±1.79 SEM) and PN59 
(0.88%±014), suggesting HDAC involvement in both the primary 
rod as well as in the secondary cone loss. Co-labeling experiments 
confirmed HDAC activity in rods at early PN stages (i.e. PN18-
PN40), as well as in cones at late stages.
Conclusions: Our results suggest that the secondary cone 
degeneration in the rd10 mouse is a very slow process when 
compared to the rapid loss of rods (Arango-Gonzalez et al., Plos 
One, 9:e112142, 2014), with rd10 cones surviving for more than a 
year. Importantly, increased HDAC activity appears to be associated 
with both primary rod and secondary cone degeneration, creating 
an exciting opportunity for the development of a unique therapeutic 
approach that could delay the primary rod degeneration and as well 
as restrain the secondary degeneration of cones.
Commercial Relationships: Dragana Trifunovic, None; 
Eleni Petridou, None; Marius Ueffing, None;  
Francois Paquet-Durand, None
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Protection of photoreceptor by CDNF (cerebral dopamine 
neurotrophic factor) from degeneration in a transgenic rat model 
of retinitis pigmentosa
Yiwen Li1, Jianmin Lu1, 2, Rong Wen1. 1Bascom Palmer Eye Institute, 
University of Miami, Miami, FL; 2Department of Ophthalmology, 
The First Affiliated Hospital of Dalian Medical Unversity, Dalian, 
China.
Purpose: Cerebral dopamine neurotrophic factor (CDNF), a novel 
evolutionarily conserved protein with neurotrophic capabilities, 
is the second member of the MANF/CDNF neurotrophic factor 
family. Human CDNF shows 59% amino acid identity with human 
MANF (mesencephalic astrocyte-derived neurotrophic factor). We 
have previously shown a significant protection of photoreceptors 
by MANF. In this study, we examined the effect of CDNF on 
photoreceptors in a retinal degeneration rat model.
Methods: Recombinant human CDNF was expressed in E. coli and 
purified. At PD9, the right eyes of the S334ter rats were injected with 
recombinant human CDNF (4.5 mg in 3 ml of PBS). The left eyes 
were injected with PBS (3 ml PBS) and served as controls. Eyes were 
collected and fixed at PD21. Plastic sections were cut through the 
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eyes were sectioned at 1 mm along the vertical meridian and were 
examined by light microscopy.
Results: Intravitreal injection of recombinant human CDNF 
significantly protected rod photoreceptors from degeneration. The 
outer nuclear layer (ONL) in control eyes had only one row of 
photoreceptors. In contrast, the CDNF-treated retinas had 3 to 4 rows 
of photoreceptor nuclei in the ONL. Quantitative results show that 
the thickness ONL in the CDNF treated retinas (16.61±2.87 µm, n=6) 
is significantly greater (P < 0.001, Student t test) than in PBS-treated 
control retinas (7.44±3.43µm, n=6).
Conclusions: Like MANF, intravitreal injection of recombinant 
human CDNF protein significantly protected rod from degeneration 
in S334ter rats.
Commercial Relationships: Yiwen Li, None; Jianmin Lu, None; 
Rong Wen, 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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Repetitive periocular delivery of hydroquinone in canines results 
in dysfunction of central retinal cone photoreceptors
Freya M. Mowat1, Annie Oh1, Melanie L. Foster1, 
Priyatham S. Mettu2, Scott W. Cousins2. 1Department of Clinical 
Sciences, North Carolina State University, Raleigh, NC; 
2Ophthalmology/Duke Eye Center, Duke University Medical Center, 
Durham, NC.
Purpose: Cone dysfunction in the setting of dry age-related macular 
degeneration is challenging to model in species without a macula. We 
explored the susceptibility of central cones in vivo to hydroquinone, 
a mitochondrial toxin contained in cigarette smoke and which has 

been implicated in AMD pathobiology, in the canine, a species that 
contains a fovea-like region of cone enrichment.
Methods: Five 8-month old beagle dogs (2 females 3 males) 
underwent unilateral periocular injections of 1ml of 225mM 
hydroquinone; the contralateral eye was injected with phosphate 
buffered saline. Two to three rounds of five consecutive injections at 
3-day intervals were performed to provide chronic exposure to the 
toxin. Outcome measures included in vivo imaging (optical coherence 
tomography, fundus and infrared photography, and autofluorescence), 
full-field and multifocal electroretinography, and testing of visual 
navigation ability. Results were compared using ANOVA.
Results: One hydroquinone treated eye developed a focal 
hypofluorescent lesion affecting the area centralis after 5 injections, 
suspected to be associated with focal retinal pigment epithelial cell 
loss. The lesion increased in size after a further 5 injections. This 
area had focally reduced retinal function compared with surrounding 
areas; reduced area centralis function was also identified in all other 
hydroquinone treated eyes (n= 5 total) compared with contralateral 
saline treated eyes. Mean difference in multifocal ERG amplitude in 
the area centralis between hydroquinone and saline treated eyes after 
10 injections was 19.49nV/deg2 (p<0.05). Retinal layer thickness in 
the area centralis was unffected by treatment. Full-field dark- and 
light-adapted electroretinography and visual navigation ability in 
mesopic lighting was unaffected by treatment.
Conclusions: The canine area centralis appears to be focally 
susceptible to the effects of the mitochondrial toxin, hydroquinone. 
This model could be utilized to study mechanisms of macular 
susceptibility to injury in diseases such as age-related macular 
degeneration.
Commercial Relationships: Freya M. Mowat, None; Annie Oh, 
None; Melanie L. Foster, None; Priyatham S. Mettu, None; 
Scott W. Cousins, None


