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One Year Results of a Phase I/IIa Study of SAR422459 in Patients 
with Stargardt Macular Degeneration (SMD)
David J. Wilson1, Jose A. Sahel2, Richard G. Weleber1, 
Laura R. Erker1, Andreas K. Lauer1, Tim Stout3, Isabelle S. Audo2, 
Saddek Mohand-Said2, Pierre-Olivier Barale2, Laurence Titeux4, 
Ronald BUGGAGE4. 1Ophthalmology, Casey Eye Institute-OHSU, 
Portland, OR; 2Ophthalmology, Centre Hospitalier National 
d’Ophtalmologie des Quinze-Vingts, Paris, France; 3Ophthalmology, 
Baylor College of Medicine, Houston, TX; 4Sanofi, Chilly-Mazarin, 
France.
Purpose: SAR422459 is a lentiviral vector which encodes the 
ABCA4 gene. We present the one year safety, visual acuity and visual 
field results of a gene therapy trial investigating SAR422459 in adult 
SMD patients with biallelic pathogenic mutations in ABCA4.
Methods: The objectives of this ongoing 48-week phase I/IIa dose-
escalation trial are to assess safety and tolerability of SAR422459 and 
to evaluate for biological activity. Twenty-two patients were enrolled 
at two clinical sites in 5 cohorts by groups based on disease severity 
and treated with ascending doses of SAR422459 administered 
by subretinal injection to the worse eye (Table 1). Group A was 
composed of patients with visual acuity (VA) ≤ 20/200 and no 
detectable or severely abnormal full field ERG (ffERG) for both rod 
and cone responses. Group B had VA ≤ 20/200 and abnormal ffERG 
responses. Group C had VA ≤ 20/100 and abnormal ffERG.
Results: At 48 weeks mean change (range) from baseline in ETDRS 
letters for Cohorts 1, 2, 3, 4, and 5 was +7 (2 to 12), -1 (-4 to 2), +3 
(-1 to 8), +7 (4 to 16), and +2 (-2 to 10) respectively, in the study 
eyes and +5 (-4 to 14), -2 (-10 to 3), +3 (-4 to 7), +3 (0 to 9), +2  
(-1 to 6), respectively, for the untreated eyes. Mean change (range) 
in Hill of Vision (HOV) total volume (VTOT) for Cohorts 1, 2, 3, 4, 
and 5 was 5.9 (-3.8 to +17.6), 2.4 (-0.8 to 5.3), 5.0 (-10.1 to 36.2), 
-8.3 (-10.7 to -4.0), and -0.9 (-137 to 9.1), respectively, for the 
study eyes and +9.7 (+0.5 to 25.5), +3.4 (+0.1 to 6.9), +4.5 (-6.9 to 
15.9), -3.6 (-8.4 to 1.0), +5.2 (-4.4 to 22.8) for the untreated eyes. 22 
patients experienced 125 treatment emergent adverse events (AEs) 
and 2 serious AEs (intraocular inflammation and elevated intraocular 
pressure).
Conclusions: Based on test-retest variability analysis of the baseline 
data in this group of 22 patients with advanced stages of SMD, the 
difference required to achieve a significant statistical difference for 
ETDRS letter score and VTOT is 8 letters and 14.62 dB-sr (Parker 
et. al. Transl Vis Sci Technol 5:10, 2016). At 48 weeks few patients 
had changes in VA greater than 8 letters and no patient experienced 
decreases greater than 14.62 in their HOV (VTOT) in study or 
untreated eyes. These outcomes confirm a favorable safety profile 
of SAR422459 that warrant further evaluation in patients with less 
advanced disease.
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Choroideremia Gene Therapy Phase II Clinical Trial: 6-Month 
Results
Byron L. Lam, Jennifer Verriotto, Ninel Gregori, Janet L. Davis. 
Bascom Palmer Eye Institute, University of Miami, Miami, FL.
Purpose: Sustained visual acuity improvements following gene 
therapy with subfoveal 1010 gp adeno-associated virus (AAV) vector 
have been noted in some patients with choroideremia (CHM). 
We report the 6-month results of an open label Phase II study 
(NCT02553135) using the higher dose subfoveal 1011 gp AAV vector 
(AAV2-REP1).
Methods: Six patients, age ranging 32 to 72 years, with genetically-
proven advanced stages of CHM were treated unilaterally in the 
worse eye with subfoveal 0.1 ml of 1011 gp of AAV2-REP1. The 
primary outcome consists of a change in best-corrected visual acuity 
(BCVA) using the Early Treatment for Diabetic Retinopathy Study 
(ETDRS) charts in the treated eye compared to the untreated eye. 
Secondary functional and anatomical measures included changes in 
microperimetry, autofluorescence, and optical coherence tomography.
Results: At Baseline, the mean ETDRS BCVA was 65.3±8.8 (SD, 
range 56-77) letters in the 6 treated eyes and 77.0±4.2 (69-81) letters 
in the 6 unoperated eyes. The mean BCVA change at 6 month after 
gene therapy was 1.7±4.1 (range -1 to +10) letters in the treated 
eyes and 2.0±3.1 (range -2 to +6) in the unoperated control eyes. 
Patient P2 improved by 10 letters at 1 month and the improvement 
was sustained. No serious adverse event occurred in any patient. 
Patient P4, age 72 years, had worsening of mild pre-existing cataract 
after gene therapy surgery; cataract surgery at 6 month returned the 
BCVA to baseline. For patients P2 and P3, each developed a macular 
retinal hole in area of non-functioning retina where baseline OCT 
demonstrated pre-existing lamellar partial-thickness thinning.
Conclusions: Sustained visual acuity improvements occur in some 
patients with choroideremia shortly after subfoveal gene therapy 
using 1011 gp AAV2-REP1. The treatment continues to have a good 
safety profile.
Commercial Relationships: Byron L. Lam, None; 
Jennifer Verriotto, None; Ninel Gregori, None; Janet L. Davis, 
None
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Gene Therapy with the Caspase Activation and Recruitment 
Domain (CARD) Slows the Retina Degeneration of the Sod2 
Knock-Out Mouse Model of Geographic Atrophy
Cristhian J. Ildefonso2, Brianna M. Bowman2, Manas Ranjan Biswal1, 
Chulbul M. Ahmed1, Qiuhong Li2, Alfred S. Lewin1, 2. 1Molecular 
Genetics & Microbiol/Lewin Lab, Univ of Florida Coll of Medicine, 
Gainesville, FL; 2Ophthalmology, University of Florida College of 
Medicine, Gainesville, FL.
Purpose: Geographic atrophy is the advanced form of age-related 
macular degeneration in which the retinal pigmented epithelium 
(RPE) has been severely damaged by oxidative stress and 
inflammation. Activation of the NLRP3 inflammasome signaling 
pathway is involved in the parainflammation associated with 
AMD. Herein, we tested the efficacy of an inhibitor of caspase-1 
in controlling the retinal degeneration observed in both the sodium 
iodate (NaIO3) model of RPE damage and the Sod2 knock-out model 
geographic atrophy.
Methods: Acute RPE-oxidative injury was induced in 8-week 
old C57Bl/6J mice one month after intravitreal delivery of an 
AAV2QUAD-T+V viral vector delivering either GFP or a secreted 
GFP linked (via a furin cleavage site) to a Tat-fused CARD (sGFP-
TatCARD). Mice were evaluated by electroretinography (ERG) at 
1 and 4 weeks post NaIO3 injection. Animals were euthanized and 
flatmounts prepared after the last ERG evaluation. Sod2 knock-out 
mice were injected intravitreally with AAV2QUAD-T+V delivering 
either GFP or sGFP-TatCARD. Two cohorts of animals were injected 
at either 2 or 4 months of age and were followed by ERG and spectral 
domain optical coherence tomography (SD-OCT).
Results: Eyes treated with sGFP-TatCARD vector showed a recovery 
of their a-, b- and c-wave amplitudes one month after NaIO3, but 
recovery of the ERG response was not observed in the GFP treated 
eyes. Flat mounts from the RPE of these mice showed a partial 
protection of the RPE layer when compared to eyes treated with the 
GFP control vector. To test treatment of existing disease, we injected 
the sGFP-TatCARD vector in the vitreous of Sod2 knock-out mice 
at 4 months of age. The treated eyes showed a significant reduction 
in the rate of ERG decline compared to eyes treated with GFP. 
These eyes also showed a thicker outer segment layer compared to 
eyes treated with GFP as measured by SD-OCT. To test prevention 
of disease, we treated Sod2 KO mice at 2 month of age with either 
sGFP-TatCARD or GFP. We observed a greater protection of the 
c-wave amplitude in eyes treated with the TatCARD when compared 
to GFP treated eyes.
Conclusions: Intravitreal delivery of AAV2QUAD-T+V/sGFP-
TatCARD can protect the retina from both acute and chronic 
oxidative damage within the RPE. This protection was observed in 
the Sod2 knock-out model even after the onset of disease.
Commercial Relationships: Cristhian J. Ildefonso; 
Brianna M. Bowman, None; Manas Ranjan Biswal, None; 
Chulbul M. Ahmed, None; Qiuhong Li, Author-PCTUS2014023262 
(P); Alfred S. Lewin, Author-PCTUS2014023262 (P)
Support: NIH Grant EY026268 and an unrestricted grant from the 
Research to Prevent Blindness Foundation
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Delivery of CR2-fH using AAV vector therapy as a treatment 
strategy in mouse model of choroidal neovascularization
Baerbel Rohrer1, 2, Gloriane Schnabolk1, 
Balasubramaniam Annamalai1, Nathaniel Parsons1, Elisabeth Obert1, 
Alfred S. Lewin3, Stephen Tomlinson1. 1Med Univ of South Carolina, 
Charleston, SC; 2Ralph H. Johnson VA Medical Center, Charleston, 
SC; 3University of Florida Gainesville, Gainesville, FL.
Purpose: Age-related macular degeneration (AMD) is the leading 
cause of blindness in the Western world. There is evidence that the 
complement system plays a significant role in the pathogenesis of 
AMD, and polymorphisms interfering with the function of factor 
H, an inhibitor of the alternative pathway (AP) of complement, are 
associated with increased risk of AMD. We have previously validated 
an AP inhibitor, a fusion protein consisting of a complement receptor 
2 fragment linked to a complement inhibitory domain of factor H 
(CR2-fH) as an efficacious treatment of choroidal neovascularization 
(CNV) when delivered intravenously. Here we test AAV as an 
alternative ocular delivery systems for CR2-fH.
Methods: AAV vectors (AAV5-VMD2-CR2-fH and AAV5-VMD2-
mCherry) were injected subretinally; and retinal reattachment 
monitored by fundus photography, optical coherence tomography 
(OCT) and electroretinography. CNV was induced using argon 
laser photocoagulation after 1 month, and progression analyzed in 
C57BL/6J mice using OCT. Bioavailability of CR2-fH was evaluated 
by dot blot analysis and efficacy as an AP inhibitor was confirmed by 
C3a ELISA, both using RPE/choroid samples.
Results: Apical and basal secretion of CR2-fH was confirmed in 
polarized RPE cells. A safe concentration of AAV5-VMD2-CR2-fH  
was identified. Lack of antibody production against CR2-fH was 
confirmed. CR2-fH delivered via AAV5-mediated expression 
significantly reduced CNV when compared to mCherry. 
Bioavailability studies showed that this treatments route delivered 
CR2-fH to the RPE/choroid at similar levels when compared to 
intravenous administration, and resulted in a reduction of  
CNV-mediated C3a production.
Conclusions: The results add to the existing data that the AP of 
complement plays an important role in CNV development and 
demonstrate that specific inhibition of the AP represents a potential 
treatment for AMD. Importantly, demonstration of efficacy using this 
long-term AAV-based treatment strategy opens up new avenues for 
the development of treatment strategies for AMD.
Commercial Relationships: Baerbel Rohrer, Alexion (P); 
Gloriane Schnabolk, None; Balasubramaniam Annamalai, None; 
Nathaniel Parsons, None; Elisabeth Obert, None; Alfred S. Lewin, 
None; Stephen Tomlinson, Alexion (P)
Support: This work was supported by the National Institutes 
of Health (EY019320), the Department of Veterans Affairs (I01 
RX000444), and The SmartState Endowment.
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Seeing The Invisible With Intraoperative OCT In Surgical 
Vitreoretinal Animal Research For Upcoming Clinical 
Applications
Boris V. Stanzel1, 2, Juan Amaral2, Arvydas Maminishkis2, 
Zengping Liu3, Tanja Ilmarinen4, Heidi Hongisto4, Raymond Zhou2, 
Veluchamy A. Barathi5, Roger W. Beuerman5, Edmund Y. Wong1, 
Heli Skottman4, Kapil Bharti2, Gavin S. Tan1, 5. 1Surgical Retina, 
Singapore National Eye Centre, Singapore, Singapore; 2National 
Eye Institute, Bethesda, MD; 3Ophthalmology, National University 
of Singapore, Singapore, Singapore; 4BioMediTech, University of 
Tampere, Tampere, Finland; 5Singapore Eye Research Institute, 
Singapore, Singapore.
Purpose: The subretinal space is an attractive target for cell and 
gene therapies. Here we explore the use of the Zeiss RESCAN 
intraoperative optical coherence tomography (iOCT), which is 
integrated into an operating microscope for translational preclinical 
animal work for stem cell based retinal pigment epithelium (RPE) 
replacement.
Methods: Pluripotent stem cell derived RPE were transplanted on 
translucent cell carriers. Rabbits (n=10), pigs (n=6) and monkeys 
(n= 6) underwent vitrectomy with removal of posterior cortical 
vitreous with subsequent subretinal BSS injection to induce a bleb 
retinal detachment (bRD) at the posterior pole. A 25g chandelier 
endoillumination (Alcon) was the sole intraocular light source in 
most procedures. The RPE was removed surgically in some animals. 
The RPE monolayer transplant was maneuvered into the subretinal 
space using custom instrumentation. A fluid air exchange flattened 
the retina. All surgical steps were monitored and/or guided with the 
iOCT.
Results: All key surgical steps could be imaged in all species. 
Imaging was most reproducible in rabbits. In pigs and macaques 
the default iOCT laser settings did not provide enough contrast, 
particularly for subretinal structures. Upon a manufacturer-adjusted 
increase in OCT laser power, contrast levels became satisfactory. The 
b-scan infused into the microscope-integrated HUD allowed real-time 
feedback for critical maneuvers like RPE scraping and subretinal 
implantation. The iOCT proved especially useful in identifying the 
implant’s subretinal position under detached retina or in air-filled 
eyes. In 2 of 6 monkeys, small full thickness macular holes incurred 
as a complication of excessive retinal stretching during bRD, were 
only detectable by iOCT. Objective visualization of subretinal fluid 
drainage by iOCT after fluid air exchange improved RPE graft 
integration at early follow up. Limitations in the iOCT depth of focus 
sometimes precluded fine resolution of the RPE interface under bleb 
retinal detachment in pigs and monkeys.
Conclusions: iOCT-based visualization of subretinal maneuvering 
and implants adds powerful novel possibilities to improve surgical 
aspects for cell replacement strategies. Further work aims to correlate 
intraoperative iOCT findings with postoperative SD-OCT.
Commercial Relationships: Boris V. Stanzel, Geuder (C), Geuder 
(P), Zeiss (F); Juan Amaral, None; Arvydas Maminishkis, None; 
Zengping Liu, None; Tanja Ilmarinen, None; Heidi Hongisto, 
None; Raymond Zhou, None; Veluchamy A. Barathi, Zeiss 
(F); Roger W. Beuerman, None; Edmund Y. Wong, None; 
Heli Skottman, None; Kapil Bharti, None; Gavin S. Tan, Zeiss (F)
Support: HREF R1378/64/2016 (BVS/GT), Vision Funds /SNEC 
(BVS), Academy of Finland (HS), Sohlberg foundation (HS), NEI 
intramural program (KB)
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Two-Photon Polymerization of High-Resolution 3D, 
Biodegradable Photoreceptor Cell Scaffolds
Kristan S. Worthington1, Jessica R. Thompson1, Brian J. Green2, 
Spencer J. Bunn2, Emily E. Kaalberg1, Rebecca M. Johnston1, 
Luke A. Wiley1, Robert F. Mullins1, Edwin M. Stone1, C. A. Guymon2, 
Budd Tucker1. 1Ophthalmology and Visual Sciences, University of 
Iowa, Iowa City, IA; 2Chemical and Biochemical Engineering, The 
University of Iowa, Iowa City, IA.
Purpose: Obstacles to the realization of polymer scaffold use for 
retinal cell replacement include 1) selection of appropriate chemistry 
and 2) microstructural control of cellular orientation and packing 
density. Poly(caprolactone) (PCL) is a good candidate material for 
retinal scaffolds, as it is biodegradable, biocompatible, and easily 
modified with reactive molecules. In this work, we optimized the 
conditions that contribute to photopolymerized PCL microstructure in 
order to create more effective retinal cell scaffolds.
Methods: We generated thin films of acrylated PCL via UV 
polymerization and determined the effect of the formulation on 
degradation time and biocompatibility using 1M NaOH and mouse 
induced pluripotent stem cells (iPSCs), respectively. We then used 
two-photon polymerization (TPP) with varying parameters to 
create biodegradable 3D-printed PCL structures with sub-micron 
resolution. Survival and identity of human iPSC derived retinal 
cells seeded on structurally optimized scaffolds was evaluated using 
immunocytochemistry.
Results: Regardless of molecular weight or number of acrylate 
groups, PCL films supported the growth and mitosis of mouse 
iPSCs (Fig. 1A). Increasing PCL molecular weight decreased film 
degradation time, increased the laser power required to induce 
polymerization and decreased structural resolution. Two photon 
polymerization of triacrylated PCL (Fig. 1B-C) resulted in higher 
resolution and more easily distinguishable structures than diacrylated 
PCL. For triacrylated PCL, increasing either hatching or slicing 
distance decreased the structure’s deviance from the design (Fig 1C). 
Within two days of seeding, human iPSC derived retinal progenitor 
cells, which were isolated from developing 3D retinal cups, nested 
within and aligned along scaffold vertical pores. Cells obtained from 
younger iPSC derived retinal cups (i.e. ~30 days post-differentiation) 
yielded higher survival rates than cells obtained from older iPSC 
derived retinal cups (i.e. ~60 days post-differentiation).
Conclusions: The favorable biocompatibility and tunable degradation 
of PCL films and 3D-printed structures demonstrates that these 
structures are promising for transplantation purposes.
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Figure 1. Crosslinked poly(caprolactone) diacrylate biocompatibility 
(A), two-photon printing threshold (B) two-photon polymerized 
scaffold (C).
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