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Program Number: 1570
Presentation Time: 11:00 AM–11:15 AM
C3 Transferase Gene Therapy for Neuroprotection and Optic 
Nerve Regeneration
Margaret E. McDougal, Claire-Anne Gutekunst, Robert E. Gross. 
Emory University School of Medicine, Atlanta, GA.
Purpose: C3 transferase (C3) is a promising treatment for glaucoma. 
In addition to lowering intraocular pressure (IOP), C3 protects and 
regenerates retinal ganglion cells (RGCs) after injury. However, 
these effects are limited by C3’s short duration of action and poor 
distribution. To address this, adeno-associated viral (AAV) vectors 
tagged with green fluorescent protein (GFP) were engineered to 
express an endogenous (e) and a secretable/permeable (sp) C3 to 
allow for long-term and widespread distribution of C3.
Methods: C3 gene therapy was delivered via intravitreous injection 
in the rat optic nerve crush (ONC) model, and animals were 
sacrificed at 4 and 8 weeks. RGC survival was quantified following 
immunostaining of the retina with an RGC-specific antibody. Optic 
nerves were labeled with anterograde tracer and underwent tissue 
clearance to allow detailed visualization of regenerating axons 
through the whole nerve.
Results: In the control group, only 6% of RGCs survived 8 weeks 
after injury, whereas treatment with AAV-eC3GFP protected 45% 
of RGCs, and the widespread distribution by AAV-spC3GFP kept 
a remarkable 74% of RGCs alive. Robust long-distance axon 
regeneration was observed at 4 weeks in both treatment groups 
compared to controls, with a significant 38- and 24-fold increase in 
axon regeneration at 1 mm past the crush site for AAV-eC3GFP (p = 
0.005) and AAV-spC3GFP (p = 0.02), respectively.
Conclusions: Modified C3 gene therapy greatly enhances RGC 
survival and axon regeneration after injury. These data, along with the 
known IOP lowering effects, suggest C3 gene therapy as an effective 
neuroprotective and regenerative glaucoma treatment.

Animals received an intravitreous injection of adeno-associated 
viral vector one-week prior to optic nerve crush and were sacrificed 
4 weeks later. Confocal micrographs of cleared optic nerves were 
used to quantify cholera toxin subunit B (CTB)-647-labeled retinal 
ganglion cell axons that regenerated past the crush site (white carets). 
Figure is a representative two-dimensional image of the optic nerve 
regeneration seen in an AAV-eC3GFP treated animal. Scale bar, 100 
µm.
Commercial Relationships: Margaret E. McDougal, None; Claire-
Anne Gutekunst, None; Robert E. Gross, None
Support: NIH Grant 1R03NS091699-01, Emory University Research 
Commitee grant, Neurosurgery Research and Education Foundation 
Medical Student Summer Research Fellowship award
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Presentation Time: 11:15 AM–11:30 AM
Gene therapy of Alström syndrome’s retinitis pigmentosa with 
multiple AAV vectors
Patrizia Tornabene1, Paola Tiberi1, Renato Minopoli1, 
Alberto Auricchio1, 2. 1Telethon Institute of Genetics and Medicine 
(TIGEM), POZZUOLI, Italy; 2Department of Translational Medicine, 
University of Naples Federico II, Napoli, Italy.
Purpose: Alstroöm syndrome (AS) is a rare monogenic disease 
inherited as autosomal recessive and characterised by retinitis 
pigmentosa (RP), among other features. AS is caused by mutations 
in ALMS1, which has a coding sequence (CDS) of 12.5 kb and 
encodes a large ciliary protein. Gene therapy with adeno-associated 
viral (AAV) vectors holds great promise for the treatment of many 
inherited retinal diseases including AS. The main obstacle for AS 
gene therapy is that AAV cargo capacity is limited to ∼5 kb. To 
overcome this, we split the ALMS1 expression cassette in 3 parts 
separately packaged in 3 independent AAV vectors that reconstitute 
ALMS1 upon co-administration and intermolecular recombination.
Methods: To develop AAV-mediated gene therapy for AS, triple AAV 
vectors were designed and the efficiency of triple AAV-mediated 
ALMS1 transduction was evaluate in vitro by infecting HEK293 cells 
with AAV2/2 vectors.
To assess the percentage of photoreceptors (PR) co-transduction 
mediated by three independent vectors, we injected subretinally 4 
week-old C57/BL6 mice (N=5) with single AAV8 vectors encoding 
either eGFP, DsRed or EBFP2 proteins. Then, the efficiency of 
triple AAV-mediated ALMS1 transduction was evaluate in vivo by 
subretinal injection of AAV2/8 in 4 week-old C57/BL6 mice (N=8). 
Western blot analysis was used to evaluate transgene expression. 
Retinal structure and function of the AS mouse model with and 
without delivery of AAV vectors was characterized by optical 
coherence tomography (OCT) and electroretinogram (ERG) analysis, 
respectively.
Results: We show that triple AAV ALMS1 vectors reconstitute full 
length ALMS1 protein expression both in HEK 293 cells and mouse 
PR. We also observe that subretinal administration of 3 independent 
AAV vectors separately carrying the reporter eGFP, DsRed and 
EBFP2 transgenes results in about 10% PR co-transduction. 
Moreover, we show that the retina of the AS mouse model undergoes 
progressive outer nuclear layer thinning and reduction of electrical 
responses to light. Finally, a modest improvement, which was 
significant (p=0,047) albeit transient in the b-wave amplitude, was 
observed between 4 and 7 months of age in the Alms1−/− eyes injected 
with triple vectors compared to those injected with PBS.
Conclusions: Triple AAV vectors expand AAV transfer capacity in 
the retina up to 13Kb and delivery in the mouse model of AS results 
in transient improvement of electrical activity.
Commercial Relationships: Patrizia Tornabene, None; 
Paola Tiberi, None; Renato Minopoli, None; Alberto Auricchio, 
None
Support: None

Program Number: 1572
Presentation Time: 11:30 AM–11:45 AM
A CEP290 C-terminal protein fragment rescues retinal 
degeneration in a mouse model of Leber Congenital Amaurosis
Suddhasil Mookherjee1, Wenhan Yu1, Suja Hiriyanna1, 
Yasaman Ataeijannati1, Tiansen Li2, Anand Swaroop2, Zhijian Wu1. 
1Ocular Gene Therapy Core (OGTC), National Eye Institute/ National 
Institutes of Health, Bethesda, MD; 2NNRL, National Eye Institute/ 
National Institutes of Health, Bethesda, MD.
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Purpose: Leber Congenital Amaurosis (LCA) is an inherited 
retinal degenerative disorder affecting 1 in every 80,000 live births. 
Mutations in CEP290 gene account for approximately 22% of 
total LCA cases. Gene replacement therapy for CEP290-LCA was 
hindered by the large size of the wild-type (WT) CEP290 coding 
sequence that exceeds the packaging limit of an adeno-associated 
viral (AAV) vector. To circumvent this problem, we tested whether a 
part of the CEP290 coding sequence can provide therapeutic effects 
in a mouse model of the disease.
Methods: Four different truncated versions of the CEP290 coding 
sequence were packaged into AAV8 capsids. These vectors were 
injected subretinally into 14-day-old rd16/Nrl-KO double mutant 
mice modeling cone photoreceptor degeneration of CEP290-LCA. 
Electroretinography (ERG) and optokinetic tests were performed 
to monitor the retinal function and visual behavior of these mice. 
Immunoblot, immunofluorescence and electron microscopy (EM) 
were conducted to examine alterations of gene expression and retinal 
morphology following treatment. Protein-protein interaction was 
tested with co-immunoprecipitation. In-vivo gene knockdown was 
performed using AAV-delivered CRISPR -Cas9.
Results: A C-terminal CEP290 protein fragment expressed by the 
AAV vector was found to be effective in preserving the retinal 
function in rd16/Nrl-KO mice over an eight-month period. The 
mice exhibited a significantly improved optokinetic response in the 
vector-treated eyes than the control eyes. Following vector delivery, 
the C-terminal CEP290 protein fragment was localized to the 
connecting cilia of the photoreceptors and was able to maintain the 
normal expression and localization of a few CEP290-interacting cilia 
proteins. The treatment preserved a relatively normal structure of the 
connecting cilia and trafficking of the proteins involved in photo-
transduction. In-vivo knockdown and co-immunoprecipitation studies 
revealed interdependency of the C-terminal CEP290 fragment and the 
mutant form of CEP290 in the mice for functional rescue.
Conclusions: Our study established that an LCA-causing CEP290 
mutation can be complemented in-trans by a truncated version of the 
WT protein, which provides a new insight in developing therapies for 
diseases associated with CEP290 mutations.
Commercial Relationships: Suddhasil Mookherjee, None; 
Wenhan Yu, None; Suja Hiriyanna, None; Yasaman Ataeijannati, 
None; Tiansen Li, None; Anand Swaroop, None; Zhijian Wu, 
None
Support: NIH/NEI/Intramural
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Codon optimized RPGR leads to improved stability and rescue 
with AAV8 gene therapy in X-linked retinitis pigmentosa
M Dominik Fischer2, 1, Michelle E. McClements2,  
Cristina Martinez-Fernandez de la Camar2,  
Julia-Sophia Bellingrath2, 1, Daniyar Dauletbekov2, 1, 
Simon C. Ramsden3, Doron G. Hickey2, Alun R. Barnard2, 
Robert E. MacLaren2, 4.  
1Centre for Ophthalmology, University of Tubingen, Tubingen, 
Germany; 2Nuffield Laboratory of Ophthalmology, Department 
of Clinical Neurosciences, University of Oxford, Oxford, United 
Kingdom; 3Centre for Genomic Medicine, Central Manchester 
University Hospitals NHS Foundation Trust, Manchester Academic 
Health Sciences Centre, Manchester, United Kingdom; 4Oxford Eye 
Hospital, Oxford University Hospitals NHS Trust, The John Radcliffe 
Hospital, Oxford, United Kingdom.
Purpose: Mutations in the gene RPGRORF15 cause 70% of X-linked 
retinitis pigmentosa (XLRP). Sequence instability of RPGRORF15 
can not only lead to disease but also to unpredictable recombination 

errors during viral vector cloning. Here, we describe an optimized 
gene replacement therapy for human XLRP disease using an AAV8 
vector that reliably and consistently produces the full-length correct 
RPGR protein.
Methods: Codons of the human RPGRORF15 coding sequence (CDS) 
were optimized and tested for expression efficiency and sequence 
stability in vitro using immunohistochemistry, flow cytometry, and 
western blotting. Recombinant RPGR was characterized by western, 
mass spectrometry and glutamylation assays. Codon optimized 
RPGR (coRPGRORF15) was tested in vivo in two relevant animal 
models (Rpgr-/y and C57BL/6JRd9/Boc) and in C57BL6/J wild-type 
mice. Electroretinography, scanning laser ophthalmoscopy and 
immunohistochemistry were used to assess safety and efficacy of 
coRPGRORF15 based gene therapy.
Results: The human coRPGRORF15 CDS shows superior sequence 
stability and expression levels in vitro. The glutamylation pattern in 
the RPGR protein derived from coRPGRORF15 CDS is indistinguishable 
from the wild-type variant, implying that codon-optimization does 
not significantly alter post-translational modification. Significantly, 
when delivered by AAV8 vector and driven by the rhodopsin kinase 
promoter, the codon-optimized RPGR rescues the disease phenotype 
in two relevant animal models (Rpgr-/y and C57BL/6JRd9/Boc) and shows 
good safety in C57BL6/J wild-type mice.
Conclusions: Optimizing the CDS of human coRPGRORF15 
overcomes the inherent sequence instability of therapeutic 
transgenes developed for XLRP gene therapy. While maintaining 
post-translational characteristics and increasing expression levels, 
coRPGRORF15 based gene therapy shows excellent safety in C57BL6/J 
wild-type mice and efficacy in two relevant animal models of 
human XLRP disease. This work provides the basis for clinical trial 
development to treat patients with XLRP due to RPGR mutations.
Commercial Relationships: M Dominik Fischer; 
Michelle E. McClements, None; Cristina Martinez-
Fernandez de la Camar, None; Julia-Sophia Bellingrath, 
None; Daniyar Dauletbekov, None; Simon C. Ramsden, None; 
Doron G. Hickey, None; Alun R. Barnard, NightStaRx Ltd. (C); 
Robert E. MacLaren, NightStaRx Ltd. (C), Isis Innovation Ltd. (P), 
NightStaRx Ltd. (F)
Support: UK Medical Research Council clinical research training 
fellowship (HMRXDS0).
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Presentation Time: 12:00 PM–12:15 PM
Gene therapy refutes non-autonomous rod cell death in a 
preclinical model of retinitis pigmentosa
Susanne F. Koch1, Jimmy Duong2, Chun Wei Hsu1, Yi-Ting Tsai1, 
Chyuan-Sheng Lin3, Stephen Tsang1, 3. 1Ophthalmology, Columbia 
University, New York, NY; 2Biostatistics, Columbia University, New 
York, NY; 3Herbert Irving Comprehensive Cancer Center, Columbia 
University, New York, NY.
Purpose: In gene therapy-treated retinas, the therapeutic gene 
transduces only a fraction of the target diseased rods – thereby 
creating a mosaic of untreated and treated mutant rods, as well as 
cones. In this study, we tested whether treated rods are negatively 
impacted by the surrounding dying untreated rods.
Methods: We created two novel retinitis pigmentosa (RP) mouse 
models in which mutant rod-specific cGMP phosphodieserase 6b 
(PDE6B) can be restored to WT in spatially or numerically controlled 
rods. Then we analyzed the survival of treated rods at 2.5, 5, 9 and 
12 months of age. A linear regression model was used for statistical 
analysis.
Results: In one model, treated and untreated rods were spatially 
segregated. In untreated areas, the photoreceptors dramatically 
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degenerated, and this was reflected by a significant decrease in outer 
nuclear layer (ONL) thickness over time (p < 0.003). In treated areas, 
ONL thickness did not significantly change (p = 0.5). In the second 
model, the ratio of treated and untreated rods was controlled and the 
two cell types intermixed. In this model, we demonstrated that when 
30%, 50% or 70% of photoreceptors were rescued (ie, low-, medium- 
and high-efficiency gene therapy, respectively), 8 months later, the 
percentage of surviving photoreceptors was statistically unchanged 
(p = 0.6, 0.9 and 0.3, respectively).
Conclusions: We demonstrated that untreated rods did not impact 
the survival of treated rods. Our study suggests that monogenic gene 
therapy can achieve long-term efficacy in RP retinas, even in an 
overwhelmingly mutant environment.
Commercial Relationships: Susanne F. Koch, None; 
Jimmy Duong, None; Chun Wei Hsu, None; Yi-Ting Tsai, None; 
Chyuan-Sheng Lin, None; Stephen Tsang, None

Program Number: 1575
Presentation Time: 12:15 PM–12:30 PM
Master Modifier Nr2e3 Rescues Disease and Promotes Retina 
Homeostasis in Multiple Models of RP
Neena B. Haider1, Ana Maria Olivares1, Kyle Flattery1,  
Yinan Han1, Jessica Capri1, Margaret M. DeAngelis2.  
1Dept of Ophthalmology, Schepens Eye Research Inst/MEEI/Harvard 
Medical School, Boston, MA; 2Ophthalmology, Moran Eye Center, 
University of Utah, Salt Lake City, UT.
Purpose: Inherited retinal diseases are a large group of genetically 
heterogeneous disorders that when considered as a whole, are the 
leading cause of blindness in the world. These diseases include 
syndrominc and nonsyndromic forms of retinitis pigmentosa (RP) 
that affect one in every 1000 individuals worldwide. Currently, 
there is no cure for RP and over 40% of RP cannot be genetically 
diagnosed. RP is heterogeneous and varies greatly in age of onset, 
rate of progression, and even genetic etiology, yet a common 
pathology of photoreceptor (PR) cell degeneration develops. Our lab 
has shown that phenotypic outcome results from a mutational load 
on a biological system that includes the primary mutation and other 
factors such as modifier alleles impacting the normal homeostatic 
state. The goal of this study was to determine the efficacy of Nr2e3 
as a master regulator in preventing and attenuating RP disease in 
multiple models.
Methods: Neonatal and developed rd1-/-, Rho -/-, Cep290-/-, 
RhoP23H, Arr1 -/- and rd7 -/- mice were injected subretinally with 
AAV Nr2e3. Clinical and phenotypic characterization of the injected 
eyes was performed at 3 months age by indirect ophthalmoscopy, 
electroretinogram, histology and immunohistochemistry. Gene 
expression of the treated and control eyes were evaluated through 
quantitative real time PCR to determine the gene networks by which 
Nr2e3 rescues RP disease.
Results: Therapeutic delivery of Nr2e3 rescued and/or attenuated 
retinal degeneration in multiple models of RP. Clinical, histological 
and functional rescue was observed in all the models tested. Gene 
expression analysis showed that key networks such as metabolism, 
phototransduction and inflammation were reset towards normal in the 
treated compared to control eyes.
Conclusions: The nuclear hormone receptor Nr2e3 is a potent 
genetic modifier that can rescue RP associated retinal disease in the 
presence of the primary mutation. Nr2e3 can also attenuate disease 
in early-intermediate phases of RP disease; and as such is a strong 
therapeutic target that re-regulates biological pathways necessary for 
the development and maintenance of photoreceptors. This study has 
strong potential for novel therapeutics to treat RP disease, especially 
in cases where the primary mutation is not easily identified.

Commercial Relationships: Neena B. Haider, Author-Schepens 
Eye Research Institute (P); Ana Maria Olivares, None; 
Kyle Flattery, None; Yinan Han, None; Jessica Capri, None; 
Margaret M. DeAngelis, None
Support: NIH-NEI RO1EY017653, NIH-NEI RO1EY017653-
01A2S1, an unrestricted grant from Research to Prevent Blindness, 
Inc., New York, NY to Department of Ophthalmology, Harvard 
Medical School, Massachusetts Lions Eye Research Fund
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Presentation Time: 12:30 PM–12:45 PM
The combined administration of the two products encoded by the 
nucleoredoxin-like-I gene stabilizes vision in a mouse model of 
retinitis pigmentosa
Thierry D. Leveillard1, Emmanuelle Clerin1, Najate M. Maamri1, 
ying yang1, Geraldine Millet-Puel1, Frédéric Blond1, Deniz Dalkara1, 
Alain VAN DORSSELAER2, José-Alain Sahel1. 1Institut De La Vision, 
Paris, France; 2Univertsity of Strasbourg, Strasbourg, France.
Purpose: The nucleoredoxin-like 1 gene (NXNL1) encodes by 
alternative splicing for the trophic factor RdCVF that stimulates 
aerobic glycolysis in cones by interaction with its cell surface 
receptor basigin-1 that is linked to the glucose transporter GLUT1. 
RdCVF accelerates glucose uptake by cones to sustain cone outer 
segment renewal. RdCVF prevents secondary cone degeneration in 
recessive and dominant animal models of retinitis pigmentosa. The 
second product of the NXNL1 gene, the thioredoxin RdCVFL protects 
the cones against hyperoxia. We evaluated the effect of a combined 
administration of the two products encoded by the gene on visual 
acuity of a recessive model of retinitis pigmentosa, the rd10 mouse.
Methods: An adeno-associated viral vector encoding for both 
products of the NXNL1 gene: the thioredoxin RdCVFL and the 
truncated thioredoxin RdCVF was administrated by subretinal 
injection to the rd10 mouse. The kinetics of the loss of visual acuity 
was recorded by optokinetic nystagmus testing. Cone density was 
then measured using e-conome.
Results: The loss of visual acuity was statistically significantly 
retarded after injection of AAV-RdCVF-RdCVFL that an AAV 
vector targets retinal pigmented epithelial cells and cones and very 
significantly considering the medical objective. Cone density was 
higher in animals treated with the combination of the two transgenes. 
Thus, the administration of RdCVF or RdCVFL prevents visual 
loss in the rd10 mouse using a non cell- and a cell-autonomous 
mechanism respectively.
Conclusions: The results demonstrate that this metabolic and redox 
treatment will likely be successful in preserving central vision in 
patients suffering of retinitis pigmentosa independently of causative 
mutations.
Commercial Relationships: Thierry D. Leveillard, None; 
Emmanuelle Clerin, None; Najate M. Maamri, None; ying yang, 
None; Geraldine Millet-Puel, None; Frédéric Blond, None; 
Deniz Dalkara, None; Alain VAN DORSSELAER, None;  
José-Alain Sahel, None
Support: Inserm, UPMC, ANR, Labex LIFESENSE, Fondtaion 
Fighting Blindness


