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424 Drug and gene therapy and delivery
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Program Number: 4081 Poster Board Number: B0081
Presentation Time: 8:30 AM–10:15 AM
Characteristics of AAV2 mediated gene transfer in retinas after 
optic nerve injury
Robert W. Nickells, Cassandra Schlamp, Heather M. Schmitt. 
Ophthalmology & Visual Science, Univ of Wisconsin-Madison, 
Madison, WI.
Purpose: While a great deal of knowledge has been obtained on the 
characteristics of AAV2-mediated transduction of healthy rodent 
retinas, there have been no studies addressing if AAV2 gene therapy 
can successfully target and modify RGCs after optic nerve damage. 
This scenario, however, is most likely to be the condition of tissue 
being treated for optic neuropathies, such as glaucoma.
Methods: B6.Rosa26-(LoxP)-tdTomato reporter mice were crossed 
with B6.Bax-deficient animals. The presence of the Bax mutant allele 
provides a block of RGC apoptosis, while not interfering with early 
onset atrophic events, including chromatin condensation and gene 
silencing: conditions which may interfere with normal transgene 
expression. One eye of Bax-/- or Bax+/- mice was subjected to optic 
nerve crush (ONC). AAV2-Pgk-Cre (1e9 particles) was then injected 
into the vitreous of that eye at times between 2 and 30 days after 
ONC. Contralateral control and naïve eyes were also injected and 
examined. Retinas were evaluated for tdTomato expressing cells 30 
days after injection.
Results: Expression of the reporter indicates successful transduction 
of cells with the AAV2 virus, expression of the transgene, and 
modification of the cellular genome to enable it to express the 
tdTomato reporter. RGCs were successfully transduced at all time 
points after ONC based on reporter expression in the axons of the 
optic nerve, and co-localization with BRN3A. Contralateral eyes 
also demonstrated moderate transduction of a population of cells in 
the innermost layer of the inner nuclear layer (presumptive amacrine 
cells) and Müller cells. Transduction of these two populations was 
significantly elevated in damaged retinas however, increasing 2-fold 
for presumptive amacrines and nearly 4-fold for Müller cells (both 
P<0.001). In addition, AAV2-Pgk-Cre efficiently transduces non-
pigmented epithelial cells of the ciliary process. Co-localization with 
cell-specific markers is ongoing to confirm identity of the non-RGC 
populations that are transduced.
Conclusions: Damaged RGCs can be efficiently transduced by AAV2 
and their genome can be modified even after early formation of 
heterochromatin. Damage also significantly increases the transduction 
efficiency of at least 3 other cell-types in the eye. These findings may 
have ramifications in strategies to treat RGCs using AAV2-mediated 
gene therapy.
Commercial Relationships: Robert W. Nickells, None; 
Cassandra Schlamp, None; Heather M. Schmitt, None
Support: NEI R01 EY012223, P30 EY016665, Research to Prevent 
Blindness, Inc.

Program Number: 4082 Poster Board Number: B0082
Presentation Time: 8:30 AM–10:15 AM
Tandem Delivery of Short Hairpin RNAs and Rhodopsin cDNA 
to Combat Retinal Degeneration in Autosomal Dominant 
Retinitis Pigmentosa
Michael Massengill1, Deep Patel1, William A. Beltran2, 
Alfred S. Lewin1. 1Molecular Genetics and Microbiology, 
University of Florida, Gainesville, FL; 2University of Pennsylvania, 
Philadelphia, PA.
Purpose: Mutations in rhodopsin (RHO) yield an inherited form 
of blindness known as autosomal dominant Retinitis Pigmentosa 
(adRP). We previously showed that delivery of a short hairpin RNA 
(shRNA) to degrade endogenous RHO and a degradation-resistant 
(hardened) RHO cDNA with recombinant adeno-associated virus 
(rAAV) preserves vision in an adRP mouse expressing P23H 
mutant RHO. To enhance the therapeutic efficacy of our strategy, 
we identified shRNAs with superior knockdown efficiency of RHO 
mRNA. The purpose of this study was to generate rAAV vectors 
expressing these shRNAs and a corresponding hardened RHO cDNA. 
We also sought to enhance expression of the hardened RHO cDNA 
by including the rhodopsin enhancer region (RER).
Methods: shRNAs were designed utilizing the Whitehead Institute’s 
siRNA Selection. Generation of hardened-human RHO cDNA was 
achieved with the QuikChange II XL Site-Directed Mutagenesis Kit 
(Agilent). We measured expression of RHO mRNA by qRT-PCR. 
Wild-type C57BL6 were included for in vivo testing. Statistical 
significance (p<0.05) was determined via 2-way ANOVA.
Results: Three shRNAs (131, 134, 820), each capable of targeting 
the degradation of human wild-type and mutant (T17M, P23H) 
RHO mRNA, were previously incorporated within a H1 promoter-
shRNA cassette and cloned in to rAAV2 plasmids. Two hardened 
RHO cDNAs (RHO134, RHO820) were generated by creating silent 
mutations in the shRNA binding site. The hardened RHO cDNAs 
were cloned in to the rAAV2 plasmids already containing a shRNA. 
The resulting combination plasmid was able to simultaneously 
degrade GFP-tagged human RHO mRNA and express hardened 
RHO mRNA in vitro. To increase expression of the hardened RHO 
cDNA, we generated a rAAV2/AAV5 vector containing the rhodopsin 
enhancer region (RER) in addition to the RHO820 cDNA. Inclusion 
of the RER in the rAAV2/AAV5 vector did not significantly affect the 
production of RHO820 mRNA after subretinal injection in wild-type 
mice.
Conclusions: We generated rAAV vectors containing shRNAs and 
hardened RHO cDNA that will be tested in rapidly degenerating 
models of adRP, such as the T17M mouse and T4R dog. The RER did 
not significantly affect expression of the transgene when included in 
the rAAV2/AAV5 vector.
Commercial Relationships: Michael Massengill; Deep Patel, 
None; William A. Beltran, None; Alfred S. Lewin, University of 
Florida (P)
Support: R24 EY022012-04 and P30-EY021721

Program Number: 4083 Poster Board Number: B0083
Presentation Time: 8:30 AM–10:15 AM
Multi-Characteristics Opsin and Nano-enhanced optical delivery 
enable vision restoration
Samarendra Mohanty, Sanjay Pradhan, Sivakumar Gajjeraman, 
Sulagna Bhattacharya, Weldon Wright. Nanoscope Technologies, 
LLC, Arlington, TX.
Purpose: Photodegenerative retinal diseases lead to loss of vision in 
millions of individuals. Currently, no surgical or medical treatment is 
available though optogenetic therapies are in clinical development. 
While optogenetic stimulation have advantages of cellular specificity 
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and minimal-invasiveness as compared to electrode array, clinical 
translation suffers from two major drawbacks: (i) requirement of 
active illumination since conventional opsin requires high intensity 
of light for stimulation, and (ii) lack of approach for delivery into 
spatially-targeted regions of degenerated-retina. We hypothesized 
that vision enhancement at ambient light level can be achieved using 
highly photosensitive Multi-Characteristics Opsin (MCO) by viral or 
optical delivery.
Methods: Synthetic genes encoding for MCOs (I & II) were 
synthesized and cloned into plasmids having specific promoter and 
reporter. The bipolar cells were transfected with MCO using AAV or 
Nano-enhanced Optical delivery (NOD). The expression of MCOs 
in cell membrane was quantified using confocal microscopy. To 
determine the light dependent photocurrent, the MCO-expressing 
cells were exposed to light at ambient levels. Measurement of 
intensity thresholds using the visual water maze task was conducted 
at different time points after intravitreal injection of different doses of 
MCO to rd10 mice. Further, biodistribution and toxicity studies were 
carried out using qPCR, and immunohistrochemistry. For NOD, after 
intravitreal injection of Gold nanorods and MCO-plasmids, a NIR 
laser beam was directed to the retina.
Results: MCO genes are reliably delivered to specific retinal cells 
via intravitreal injection of AAV carrying MCO or via NOD. Using 
NOD, we show that MCO-plasmids could be delivered to retina 
in-vivo with continuous wave laser with exposure of few seconds. 
Significant improvement in visually guided behavior observed in 
mice having MCO-expression in retina. Notably, the improvement 
in visually guided behavior was observed even at light intensity 
levels orders of magnitude lower than that required for ChR2. 
Biodistribution study using qPCR analysis showed negligible 
quantities of MCO-gene in different non-targeted organs.
Conclusions: Safe virus-mediated MCO-delivery has potential for 
effective gene therapy of advanced stages of retinal degenerations in 
patients. NOD will lead to new clinical approach for treating patients 
with geographic atrophies.
Commercial Relationships: Samarendra Mohanty; 
Sanjay Pradhan, Nanoscope Technologies, LLC (E); 
Sivakumar Gajjeraman, Nanoscope Technologies, LLC (E); 
Sulagna Bhattacharya, Nanoscope Technologies, LLC (E); 
Weldon Wright, Nanoscope Technologies, LLC (E)
Support: NIH Grant EY026483, NIH Grant EY025717, NIH Grant 
EY025905

Program Number: 4084 Poster Board Number: B0084
Presentation Time: 8:30 AM–10:15 AM
AAV5 made by rHSV complementation displays increased retinal 
transduction relative to AAV5 made by plasmid transfection
Kevin T. Mccullough1, Laura Adamson-Small2, James Peterson1, 
Sanford Boye1, Nathalie Clément2, Shannon E. Boye1. 
1Ophthalmology, University of Florida, Gainesville, FL; 2Pediatrics, 
University of Florida, Gainesville, FL.
Purpose: AAV has emerged as the most promising vector for 
gene- based therapies to treat inherited retinal disease. To reduce 
immunogenicity, the ideal AAV vector prep should contain highly 
infectious particles and the lowest possible empty capsid load. With 
this in mind, different manufacturing platforms are being developed 
for generating large scale quantities of potent, clinical grade AAV, 
one of which relies on the recombinant Herpes simplex virus (rHSV) 
system. Notably, evidence in animal models and human clinical trials 
showed that AAV1 made by the rHSV system is more infectious 
that AAV1 made by plasmid transfection. Given that AAV5 is being 
developed for clinical use in the eye, we sought to determine relative 

levels of retinal transduction by AAV5 made by either the rHSV 
system or plasmid transfection.
Methods: Constructs containing the CMV promoter driving GFP 
and AAV2 rep-AAV5 cap were used separately to create respective 
rHSVs. HEK293 cells were infected with rHSVs or transfected 
with AAV plasmids containing the same CMV-GFP transgene, 
Adenoviral helper genes, AAV2 rep and AAV5 cap. Both AAV 
preps were purified by iodixanol density gradient and ion exchange 
chromatography. Vector genome titers were assessed by Q-PCR and 
infectivity was determined in vitro by green cell assay. Capsid were 
visualized by electron microscopy (EM) and Coomassie-stained  
SDS-PAGE. C57Bl6 mice were subretinally injected with two 
different doses (5x108 vg and 5x109 vg) of each vector. A larger 
cohort was then injected with 5x109 vg. At 4 and 8 weeks post 
injection (wpi), GFP expression was assessed by fundoscopy. Mice 
were sacrificed at 8 wpi and retinas collected for immunoblot and 
qPCR of GFP protein and RNA, respectively.
Results: AAV capsids made by rHSV and transfection appeared 
identical under EM and had roughly the same percentage of full and 
empty capsids. rHSV-AAV was substantially more infectious in vitro 
relative to transfection-made AAV. Transduction of mouse retina was 
also significantly higher in rHSV-AAV treated eyes when measured  
in vivo and in post-mortem retina.
Conclusions: AAV5 made by the rHSV complementation system 
displays enhanced transduction efficiency relative to transfection-
made AAV5. Future clinical development of AAV5 based retinal 
gene therapies may benefit from the increased potency of rHSV made 
AAV5.
Commercial Relationships: Kevin T. Mccullough, None; 
Laura Adamson-Small, None; James Peterson, None; 
Sanford Boye, None; Nathalie Clément, UF Foundation (P); 
Shannon E. Boye, None
Support: R01 EY024280 Research to Prevent Blindness

Program Number: 4085 Poster Board Number: B0085
Presentation Time: 8:30 AM–10:15 AM
Evaluation of integrase-deficient vectors for lentiviral gene-
transfer in corneal endothelium
Daniel Thieme1, Scott Ellis2, Thomas A. Fuchsluger1, 
Friedrich E. Kruse1. 1Augenklinik, Universitatsklinikum Erlangen, 
Erlangen, Germany; 2Oxford BioMedica, Oxford, United Kingdom.
Purpose: Gene therapy approaches are explored to prevent EC 
apoptosis extending storage time of donor corneas and achieve 
post-operative grafts with higher EC quality. Retroviruses lead to 
an integration of the DNA of choice into the nucleus, a suboptimal 
feature in EC modification. We investigated the efficacy of integrase-
deficient vector types as potential alternatives for EC transduction.
Methods: GFP-transducing vectors of EIAV and of HIV origin and 
their integrase-defective variants were used to transfer genes into 
human corneal endothelium. Corneal grafts were gained from donors 
of different age and gender (age 45 ± 24) and stored hypothermic 
(SightLife, Seattle). Each quarter of a cut cornea was transduced 
with the respective vector variants for 24h at 37°C. Fluorescence 
microscopy was done at 37°C with a Zeiss Spinning Disc confocal 
microscope endothelium-down. Amount of green fluorescence 
was quantified via ImageJ. Additionally, life imaging via intravital 
microscopy with non-linear optics and ary scan technology was used 
to establish fluorescence imaging in full thickness human corneas.
Results: Our studies showed that human corneas can be transduced 
with all used variations of lentiviral vectors namely EIAV (28 ±9%), 
EIAV integrase-defective (38 ±10%), HIV (17 ±7.0%) and HIV 
integrase deficient (24 ±7.5%). We noticed that integrase-deficient 
vectors transduced EC more effective than standard integrating 
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vectors (p<0.05). Furthermore, we transduced a complete uncut 
cornea from the endothelial side and established life cell imaging 
throughout all layers of the cornea. We could visualize healthy 
and apoptotic as well as transduced corneal endothelial cells. The 
transduction efficiency for the corneal endothelium was 75% (± 9%) 
representing the higher vector to cell proportion in the “cornea-in-
a-cup” transduction and we can state that only the endothelium was 
transduced showing the high specificity of our method.
Conclusions: With integrase-deficient vectors performing better in 
the corneal endothelium, a crucial step towards patient treatment 
is achieved considering regulatory questions. To our knowledge, 
this study shows for the first time in the corneal endothelium that 
integrase-deficient vectors work as effective as or better than their 
integrating counterparts. Given confirmation of these data in further 
experiments in human corneal tissue, we will transfer this concept 
into an eye setting.
Commercial Relationships: Daniel Thieme, None; Scott Ellis, 
Oxford BioMedica (E); Thomas A. Fuchsluger, None; 
Friedrich E. Kruse, None

Program Number: 4086 Poster Board Number: B0086
Presentation Time: 8:30 AM–10:15 AM
Evaluation of in silico reconstructed ancestral adeno-associated 
virus for gene augmentation therapy in a mouse model of LCA
Sarah Wassmer1, 2, Basil Pawlyk5, Jessica Blake1, 2, Michael 
A. Sandberg5, 3, Eric A. Pierce4, 3, Luk H. Vandenberghe1, 2. 
1Ophthalmology, Schepens Eye Research Institute /Grousbeck Gene 
Therapy Center, Boston, MA; 2Ophthalmology, Massachusetts 
Eye and Ear Infirmary / Harvard Medical School, Boston, 
MA; 3Ophthalmology, Harvard Medical School, Boston, MA; 
4Ophthalmology, Ocular Genomics Institute, Massachusetts 
Eye and Ear Infirmary / Harvard Medical School, Boston, MA; 
5Ophthalmology, Berman-Gund Laboratory, Massachusetts Eye and 
Ear Infirmary / Harvard Medical School, Boston, MA.
Purpose: The Retinitis Pigmentosa GTPase Regulator Interacting 
Protein 1 (RPGRIP1) is an essential protein for the maintenance of 
photoreceptor outer segments. Mutations in this gene cause severe 
retinal dystrophy, known as Leber Congenital Amaurosis (LCA). 
Rpgrip1 knock-out mice show outer nuclear layer (ONL) thinning at 
3 months of age, and nearly complete loss after 5 months. This study 
evaluated the use of in silico reconstructed ancestral adeno-associated 
virus (Anc80) compared to adeno-associated virus serotype 8 
(AAV8), for gene augmentation therapy in Rpgrip1 knock-out mice.
Methods: The cell transduction patterns resulting from sub-retinal 
injection of Anc80.CMV.EGFP and AAV8.CMV.EGFP in wild-type 
mice were compared using fundus imaging and immunofluorescence 
(IF) analyses. Rpgrip1 knock-out mice were treated with sub-retinal 
injection of either Anc80.RK.hRPGRIP1 or AAV8.RK.hRPGRIP1 
at two weeks of age. Expression of the hRPGRIP1 transgene was 
evaluated using western blot (WB), RT-qPCR and IF analyses,  
3 weeks post injection.
Results: Fundus imaging showed transgene expression after 
subretinal injection of either Anc80.CMV.EGFP or AAV8.CMV.
EGFP after 3 days. The GFP intensity and area of transduction 
continued to expand until 2 weeks, and remained consistent until  
5 weeks. By IF, Anc80 sections showed transgene expression in the 
retinal pigmented epithelium, photoreceptor cells, Müller cells, inner 
nuclear layer, and the retinal ganglion cell layer. AAV8 injected eyes 
show similar transduction, but only from the RPE through the ONL, 
with some Müller cells. hRPGRIP1 expression was evident in knock-
out mice by use of either Anc80 or AAV8 by IF, WB and RT-qPCR.
Conclusions: Anc80 mediated robust expression of GFP within the 
RPE and ONL and extended into the INL and RGC retinal layers 

with a broad (CMV) promoter. Anc80 also mediated hRPGRIP1 
expression within the photoreceptor connecting cilium by use of a 
photoreceptor specific (RK) promoter. Efficacy of gene delivery will 
be determined at 20 weeks post-injection by OCT and ERG.
Commercial Relationships: Sarah Wassmer, None; Basil Pawlyk, 
None; Jessica Blake, None; Michael A. Sandberg, None; 
Eric A. Pierce, None; Luk H. Vandenberghe, University of 
Pennsylvania (R), Lonza Houston (C), University of Pennsylvania 
(P), GenSight Biologics (C), Selecta Biosciences (C), Decibel 
Therapeutics (R), Selecta Biosciences (F), Novartis (C), Eleven Bio 
(C), Precision Bio (C), Foundation Fighting Blindness (F), Lonza 
Houston (F), Massachusetts Eye and Ear Infirmary (R), GenSight 
Biologics (I), CrisprTx (C), Intellia (C), American Society of Cell 
and Gene Therapy (E), Massachusetts Eye and Ear Infirmary (P)
Support: Foundation Fighting Blindness (TA-GT-1015-0686-MEEI), 
National Eye Institute [EY012910 and P30EY014104 (MEEI core 
support)], Research to Prevent Blindness.

Program Number: 4087 Poster Board Number: B0087
Presentation Time: 8:30 AM–10:15 AM
Directed Evolution of Enhanced AAV Capsid Variants Following 
Intravitreal Injection in Macaque
Sanford L. Boye1, Shreyasi Choudhury1, Damien Marsic2, 
Christianne E. Strang4, John J. Alexander3, C. Douglas Witherspoon5, 
Sergei Zolotukhin2, Paul D. Gamlin5, Shannon E. Boye1. 
1Ophthalmology, University of Florida, Gainesville, FL; 2Pediatrics, 
University of Florida, Gainesville, FL; 3Human Genetics, Emory 
University, Atlanta, GA; 4Psychology, University of Alabama 
Birmingham, Birmingham, AL; 5Ophthalmology, University of 
Alabama Birmingham, Birmingham, AL.
Purpose: Adeno-Associated virus (AAV)- based vectors are the gold 
standard for retinal gene therapy. As most inherited retinal diseases 
are caused by photoreceptor (PR) defects, vectors that efficiently 
target outer retina are required. Currently, this is achieved by 
subretinal injection, an invasive procedure that poses risks. Efforts 
made to identify AAV capsids capable of outer retinal transduction 
following intravitreal (Ivt) injection have relied on screening 
in mouse. Resulting capsids are improved, but fail to transduce 
outer primate retina following Ivt injection to levels that warrant 
widespread clinical use. This is due to formidable barriers to Ivt- 
mediated transduction present in the primate retina, chiefly the inner 
limiting membrane (ILM). The purpose of our study was to identify 
novel AAVs that can overcome these barriers by screening capsid 
library in macaque (Macacca fascicularis), a species with ocular 
characteristics most similar to human.
Methods: Macaque PRs and retinal ganglion cells (RGC) were 
fluorescently labelled by subretinal injection of AAV5-GRK1-GFP 
and lateral geniculate injection of rhodamine dextran, respectively. 
Subsequently, a highly complex, AAV2-based capsid library was 
delivered by Ivt injection. Seven days post-injection, retina was 
harvested, dissociated and PRs/RGCs isolated by fluorescent 
activated cell sorting (FACS). AAV genomes were recovered and 
library was regenerated. Screening was also performed in Nrl-GFP 
mice, and rod PRs isolated by FACS. A total of three and four rounds 
of selection were performed in macaque and mice, respectively. 
Distribution of variants was determined at various stages by 
sequencing of individual clones or next generation sequencing 
(NGS).
Results: AAV capsid variants containing motifs that promote 
interaction with the ILM were highly selected. Capsids enriched 
after 2 rounds of selection in macaque mirrored those arising from 3 
rounds of selection in mouse. Analysis of transduction efficiencies of 
selected variants are underway.
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Conclusions: As previously shown with rationally designed 
vectors, interaction with the ILM is a requirement for Ivt-mediated 
transduction by AAV. Distribution of selected variants between 
mouse and primate screens implies selective pressure imparted by the 
barriers to transduction are similar, but are significantly stronger in 
primate.
Commercial Relationships: Sanford L. Boye, UF Foundation 
(P); Shreyasi Choudhury, None; Damien Marsic, UF Foundation 
(P); Christianne E. Strang, None; John J. Alexander, None; C. 
Douglas Witherspoon, None; Sergei Zolotukhin, AGTC (F), UF 
Foundation (P); Paul D. Gamlin, UAB Foundation (P), AGTC (F); 
Shannon E. Boye, UF Foundation (P)
Support: NIH Grants EY024280, HL097088, and AGTC

Program Number: 4088 Poster Board Number: B0088
Presentation Time: 8:30 AM–10:15 AM
Riboswitch-mediated modulation of transgene expression 
following rAAV delivery to the mouse retina
Chris Reid, Daniel M. Lipinski. Ophthalmology, Medical College of 
Wisconsin, New Berlin, WI.
Purpose: Recombinant adeno-associated virus (rAAV) vectors 
have emerged as promising tools for mediating gene therapy for 
diseases of the retina. Effectively controlling gene expression levels 
following vector delivery is paramount to the success of potential 
gene therapies, where uncontrolled over-expression of the therapeutic 
transgenes can lead to toxicity. Traditionally, inducible promoter 
systems have been employed. Unfortunately, due to the limited 
coding capacity of AAV, and the large size of elements required to 
make such systems work effectively, their inclusion is frequently 
not practical. Here, we evaluate the use of small (~100bp) ligand 
responsive self-cleavable riboswitches to modulate gene expression 
in the mouse retina.
Methods: Six riboswitches were evaluated in HEK293T cells to 
determine optimal copy number (largest dynamic range) and dose-
responsiveness to its activating ligand using a dual luciferase assay. 
Next, the optimal copy number of each riboswitch was cloned into a 
rAAV GFP reporter cassette and packaged in an AAV2 capsid. Each 
GFP-riboswitch cassette was intravitreally injected into C57Bl/6j 
mice in combination with an AAV2 control vector harboring a non-
inducible mCherry reporter gene. Four weeks post-injection, mCherry 
and GFP fluorescence levels were quantified in vivo using a custom 
confocal scanning laser ophthalmoscope (cSLO). Mice subsequently 
received a 1000mg/kg dose of its activating ligand, and fluorescence 
levels were quantified 2 and 24 hours post-gavage.
Results: Cell culture experiments revealed significant changes 
in luminescence in response to dosing of the appropriate ligand 
(p<0.01). In vivo results demonstrated dosing mice with the activating 
ligand of each riboswitch could achieve a highly significant change in 
GFP fluorescence at 2 hours post-gavage compared to pre-treatment 
levels (p<0.01). Importantly, GFP fluorescence was recovered to  
pre-treatment levels 24 hours after dosing
Conclusions: All riboswitch constructs were capable of modulating 
transgene expression in vivo. Concurrent dual color cSLO imaging 
allowed riboswitch-mediated changes in GFP fluorescence to be 
normalized (to mCherry), effectively standardizing our in vivo 
measurements. Due to their small size and lack of immunogenicity, 
incorporation of riboswitches in rAAV constructs could have 
potential clinical applications where tightly controlled gene 
expression is paramount.
Commercial Relationships: Chris Reid, None; Daniel M. Lipinski, 
None

Program Number: 4089 Poster Board Number: B0089
Presentation Time: 8:30 AM–10:15 AM
Novel AAV Variants Show Superior Gene Delivery in Human 
Retinal Cell Models
Melissa A. Kotterman1, Tandis Vazin1, Ghezal Beliakoff1, 
Roxanne Croze1, Mohammad Hassanipour1, Christopher Schmitt1, 
Marco Wallroth1, Melissa Quezada1, David V. Schaffer1, 2, 
David Kirn1. 14D Molecular Therapeutics, Emeryville, CA; 
2University of California, Berkeley, Berkeley, CA.
Purpose: Gene therapy is a powerful approach for the treatment of 
inherited and complex retinal disorders. 4D Molecular Therapeutics 
(4DMT) has applied its Therapeutic Vector Evolution platform to 
discover novel adeno-associated virus (AAV) variants with superior 
gene delivery to the human retina following intravitreal delivery 
using non-human primates (NHP) as a model system. However, 
due to cross-species differences in AAV gene expression profiles 
and limitations of animal species to recapitulate human disease 
phenotypes, we have generated retinal pigment epithelium (RPE) and 
photoreceptors (PRs) from pluripotent stem cells (PSCs) to evaluate 
transduction and tropism of our novel retinal AAV vectors in human 
cell models.
Methods: The Therapeutic Vector Evolution platform involves 
applying progressively more stringent selective pressures to a 
genetically diverse library of AAV capsids to select novel variants 
with improved gene delivery properties compared to the natural AAV 
serotypes. In order to select variants with improved transduction of 
the NHP retina, 4DMT’s library of approximately 100 million unique 
AAV capsid variants was delivered via intravitreal administration.
Results: We identified novel variants after six rounds of selection. 
To evaluate the selected variants on human RPEs, cultures were 
differentiated from hPSCs for 30 days, when 90% of all cells in 
culture expressed mature RPE markers including RPE65 and BEST1, 
synthesized VEGF and PEDF, and phagocytosed rod outer segments. 
PRs generated by a multi-step eye cup formation paradigm expressed 
recoverin, rhodopsin, and S and M/L opsins after 100 days in culture.
Comparative analysis of transduction efficiency and GFP transgene 
expression by our novel variants in RPEs revealed significantly 
higher transduction efficiencies versus AAV2 as measured by flow 
cytometry and western blot. Robust transduction was also observed in 
the context of PR-directed gene transfer.
Conclusions: This study in human retinal cell models clearly 
illustrates superior gene delivery of our novel retinal AAV variants 
discovered through Therapeutic Vector Evolution as compared 
to the clinically relevant AAV2. These human retinal systems – 
complemented by in vivo NHP studies – will aid future development 
of optimized vectors. Moreover, hPSC-dependent disease models can 
be used to demonstrate functional rescue, thereby facilitating the path 
from proof-of-concept to clinical application.
Commercial Relationships: Melissa A. Kotterman, 4D Molecular 
Therapeutics (E); Tandis Vazin, 4D Molecular Therapeutics (E); 
Ghezal Beliakoff, 4D Molecular Therapeutics (E); Roxanne Croze, 
4D Molecular Therapeutics (E); Mohammad Hassanipour, 4D 
Molecular Therapeutics (E); Christopher Schmitt, 4D Molecular 
Therapeutics (E); Marco Wallroth, 4D Molecular Therapeutics 
(E); Melissa Quezada, 4D Molecular Therapeutics (E); 
David V. Schaffer, 4D Molecular Therapeutics (C), 4D Molecular 
Therapeutics (I); David Kirn, 4D Molecular Therapeutics (E), 4D 
Molecular Therapeutics (I)
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Program Number: 4090 Poster Board Number: B0090
Presentation Time: 8:30 AM–10:15 AM
Optimization of AAV-mediated Gene Delivery for Targeting 
Mitochondria in the Outer Retina and Müller glia
Emilia Araujo Zin, Cecile Fortuny, Niki P. Sabetfakhri, 
Rachel J. Choi, Carolyn Dunlap, John Flannery. University of 
California, Berkeley, Berkeley, CA.
Purpose: Many retinal diseases, such as Age-Related Macular 
Degeneration and Macular Telangiectasia, may have compromised 
mitochondria and dysfunctional mitophagy. Gene therapy has the 
potential to treat such diseases but efficient mitochondrial targeting 
remains a challenge in the field. Our goal is to design and optimize 
AAV mediated gene therapy vectors for targeting mitochondria in 
photoreceptors and Müller glia. We aim to determine whether a 
nuclear-encoded transgene redirected to the mitochondria or a mito-
targeted AAV capsid encoding a mitochondrial transgene is the more 
selective and/or efficient approach.
Methods: We used computational methods to predict cleavable 
N-terminal mitochondrial targeting signal (MTS) pre-sequences 
that redirect selectively their target gene from the nucleus to the 
mitochondria. We cloned MTS sequences belonging to several 
families of mitochondrial genes at the N-terminal of tdTomato, to 
create fusion fluorescent transgenes. HEK293T and 661W cells 
were transfected with the different MTS-tdTomato constructs. 
Immunochemistry, qRT-PCR and western blots were performed to 
assess the efficiency/selectively of each MTS. Then, we engineered 
our 2 different systems of mito-targeting. 1) A nuclear-encoded 
MTS-tdTomato under the control of a CAG promoter (scCAG.
MTS-tdTomato) was packaged with wild type 7m8 and ShH10. 2) A 
mitochondrial encoded tdTomato under the control a mitochondrial 
promoter (HSP) was packaged into mito-targeted 7m8 and ShH10 
(MTS-VP2 supplied in trans). The rAAV constructs (mtAAV-HSP-
tdTomato, AAV-MTS-tdTomato and AAV-tdTomato) were injected 
intravitreally into C57BL/6 mice. Animals were euthanized 3 weeks 
post-injections and retinas were collected for analysis.
Results: The MTS sequence of the Ornithine Transcarbamylase 
(OTC) gene was the most selective at redirecting transgenes to the 
mitochondria in vitro. Other MTS sequences were also very efficient 
but less selective than OTC as they exhibit some cytoplasmic 
fluorescence as well. Our in vivo preliminary results also show that 
OTC is efficient at redirecting its transgene to the mitochondria. 
Further characterization is still needed to assess which of the mito-
AAV or AAV-MTS methods is better at targeting the mitochondria in 
the outer retina and Müller glia.
Conclusions: Based on these results we will be able to design better 
gene therapies to treat animal models of mitochondrial disease.
Commercial Relationships: Emilia Araujo Zin, None; 
Cecile Fortuny, None; Niki P. Sabetfakhri, None; Rachel J. Choi, 
None; Carolyn Dunlap, None; John Flannery, None
Support: Hellman Graduate Award

Program Number: 4091 Poster Board Number: B0091
Presentation Time: 8:30 AM–10:15 AM
KCNJ13 Gene Augmentation Therapy to Treat Blindness due to 
Kir7.1 Defects
Pawan K. Shahi1, 2, Sabrina Stulo1, Dalton J. Hermans1, De-
Ann M. Pillers3, 2, Bikash R. Pattnaik4, 2. 1Pediatrics, University 
of Wisconsin-Madison, Madison, WI; 2McPherson Eye Research 
Institute, Madison, WI; 3Pediatrics, Genetics, University of 
Wisconsin- Madison, Madison, WI; 4Pediatrics, Ophthalmology and 
Visual Sciences, University of Wisconsin- Madison, Madison, WI.
Purpose: Mutations in the KCNJ13 gene, encoding the inwardly 
rectifying potassium Kir7.1 ion-channel in the RPE, cause autosomal 

dominant snowflake vitreoretinal degeneration (SVD) and autosomal 
recessive Leber’s congenital amaurosis (LCA16). Molecular and 
biophysical analysis of the mutant protein revealed a non-functional 
protein product. With a goal of restoring retinal function via gene 
augmentation therapy, we tested the efficacy of Kir7.1 channel 
functional rescue using an in vitro model of CHO cells expressing 
disease – associated mutations.
Methods: We cloned human Kir7.1-WT (wild-type) and W53X 
(mutant) into Flip-In™ expression vector (ThermoFisher Scientific) 
and transfected them into Chinese Hamster Ovary (CHO) cells to 
express the protein products. Expression of Kir7.1 was verified 
through PCR and Restriction fragment length polymorphism (RFLP) 
analysis. Whole-cell configuration of patch-clamp technology was 
used to measure Kir7.1 current. Protein expression was confirmed by 
Western Blotting. N-terminal GFP-fused Kir7.1 wildtype was cloned 
into an AAV serotype 2 gene expression vector, packaged, transduced 
to CHO cells expressing the W53X mutant channel with a MOI of 
100 for 6 hrs and analyzed within 1-2 weeks.
Results: Sequencing and RFLP analysis confirmed stable integration 
human Kir7.1-WT and W53X into CHO-K1 lines. We measured 
9.6 ± 0.94 fold (n=10) increase in inward current on replacing the 
extracellular K+ with Rb+ in Kir7.1-WT expressing cells. Higher Rb+ 
conductivity is a known feature of the Kir7.1 channel. The W53X 
stable cell line, in contrast, registered only 1.84 ± 0.04 fold increase 
(n=9, P=3.32E-07) in Rb+ conductance, due to the truncated Kir7.1 
protein. When W53X CHO cells were transduced with the AAV 
carrying the GFP fused functional Kir7.1 gene, a distinct Kir7.1 
inward current was observed as the current was amplified 9.64 ± 
3.62 fold after Rb+ treatment (n=7, P= 3.37E-08).We observed a 
complete recovery of membrane potential from -35 mV to -54 mV. 
We also visualized GFP expression on the cell membrane by confocal 
microscopy and identified a 70 kDa Kir7.1 protein band through 
Western Blot analysis.
Conclusions: We showed successful functional restoration of the 
Kir7.1 channel in an in vitro CHO stable cell model expressing the 
W53X LCA16 mutant channel. This proof-of-principle approach 
shows the potential of augmenting a normal gene into cells with 
diseases caused by KCNJ13 mutations.
Commercial Relationships: Pawan K. Shahi, None; Sabrina Stulo, 
None; Dalton J. Hermans, None; De-Ann M. Pillers, None; 
Bikash R. Pattnaik, None
Support: NH Grant EY024995, UW Foundation

Program Number: 4092 Poster Board Number: B0092
Presentation Time: 8:30 AM–10:15 AM
An indirect gene therapy approach for Autosomal Dominant 
Optic Atrophy
Cavit Agca1, Corina Kohler2, Claudia Bippes1, Hendrik P. Scholl2, 
Albert Neutzner1. 1Department of Biomedicine, University Hospital 
Basel, Basel, Switzerland; 2Department of Ophthalmology, University 
of Basel, Basel, Switzerland.
Purpose: Autosomal dominant optic atrophy (ADOA) is a neuro-
ophthalmic condition characterized by bilateral degeneration 
of the optic nerve. It is the most common inherited optic nerve 
disease with an estimated prevalence of 1 in 35.000. 70% of ADOA 
cases are associated with mutations in the OPA1 gene. OPA1 is a 
mitochondrial protein localized to the inner mitochondrial membrane 
and the intermembrane space and is involved in mitochondrial 
dynamics as a fusion promoting protein. In OPA1-related ADOA, 
cellular OPA1 levels are reduced due to various mutations causing 
haploinsufficiency, negatively impacting retinal ganglion cells 
eventually leading to loss of vision. The monogenic nature of 
OPA1-related ADOA disease lends itself to attempt gene therapeutic 
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approaches to provide a functional cure. However, OPA1 is highly 
complex and multiple splicing events and subsequent proteolytic 
processing lead to the generation of eight different variants of OPA1 
with interdependent functions. Thus, delivery of a single variant of 
OPA1 cDNA is unlikely to be sufficient to restore full OPA1 function. 
Another possible therapeutic option is an indirect gene therapy to 
restore OPA1 levels by boosting expression of the wt allele of OPA1 
in ADOA patients.
Methods: In order to restore opa1 expression, we used Cas9-based 
artificial transactivators (ATAs), where a nuclease-deficient variant 
of Cas9 (dCas9) still possessing DNA-binding activity is fused to 
a transcriptional activator. By using a specific guide RNA (gRNA), 
dCas9-ATA is targeted to the opa1 promoter for gene activation. 
Using flow cytometry, Neuro2A cells expressing OPA1-targeting ATA 
as well as mCherry reporter were sorted to determine opa1 levels by 
qRT-PCR.
Results: RT-PCR results for opa1 showed that targeting the wt allele 
of opa1 with an ATA successfully upregulated opa1 expression. By 
testing several gRNAs targeting the opa1 promoter, we were able to 
identify a gRNA that causes around twofold upregulation of opa1.
Conclusions: This study shows that it is feasible to upregulate opa1 
using Cas9-based ATAs. Moreover, we have identified a gRNA that 
facilitates opa1 upregulation approximately twofold ideal to correct 
Opa1 haploinsufficiency. Therefore, indirect Opa1 gene therapy 
using dCas9-based ATAs is now ready for trials in animal models of 
ADOA. This opens up the potential to treat ADOA in humans with 
such novel gene expression modulators.

ATA dependent opa1 upregulation
Commercial Relationships: Cavit Agca, None; Corina Kohler, 
None; Claudia Bippes, None; Hendrik P. Scholl, None; 
Albert Neutzner, None
Support: Gebert Rüf Foundation GRS-048/13

Program Number: 4093 Poster Board Number: B0093
Presentation Time: 8:30 AM–10:15 AM
Potency assay for AAV-gene vectors in human iPSCs-derived 
retinas and donor retinas
Thilo M. Buck, Peter M. Quinn, Celso Alves, Elon Van Dijk, 
Charlotte Ohonin, Camiel J. Boon, Jan Wijnholds. Ophthalmology, 
Leiden University Medical Center, Leiden, Netherlands.
Purpose: Crumbs proteins (CRB1 and CRB2) localization at 
the subapical region adjacent to adherens junctions at the outer 

limiting membrane in the retina, critical to cell adhesion between 
photoreceptor cells (PRCs) and Müller Cells (MGCs), varies between 
species. It is unclear which AAV capsid can efficiently infect human 
MGCs and which AAV gene therapy promoter expresses in human 
MGCs. Hence, a reliable human retina potency assay is helpful in 
selecting the appropriate promoters and AAV serotypes for clinical 
studies. We set up screening assays for testing several AAV capsids 
and promoters on cultured human retinas (iPSCs-derived retinas and 
human donor retina explants).
Methods: We infected maturating human iPSCs-derived retinas and 
adult human donor retina explants with different AAV serotypes 
(AAV9, AAV5, ShH10Y), titres (108-109 genomic copies/μl), 
promoters (minimal and full length CMV, hGrk1, hRLBP1) and 
incubation time (7-21 days). We quantified GFP expressing cells/cell 
type in the human retina by immunohistochemistry using CLSM.  
The potency assay includes four components: (1) cell-specific 
expression, (2) promoter activity, (3) time-specific expression and (4) 
cross-validation in two models.
Results: Healthy maturating human iPSCs-derived retina cultures 
can be used in infection and expression potency assays for at least 
one year, whereas human donor retinal explant cultures can be used 
up to 21 days because of progressive degeneration of the retina. 
AAV5, AAV9 as well as ShH10Y serotypes can efficiently transduce, 
and CMV promoters can efficiently express in, MGCs in adult human 
donor retinal explants and maturating iPSCs-derived retinas.
Conclusions: Our results demonstrate that an AAV2/9-CMV vector, 
previously used in a proof-of-concept study in Crb2 and Crb1Crb2 
KO mice, can be used to rescue Crumbs expression in human MGCs. 
Further, the human retina assay is useful for testing novel capsids 
and promoters for gene rescue studies. We can now evaluate limits 
and possibilities between human in vitro models and animal in vivo 
models of an AAV-based gene therapy.
Commercial Relationships: Thilo M. Buck, None; 
Peter M. Quinn, None; Celso Alves, None; Elon Van Dijk, None; 
Charlotte Ohonin, None; Camiel J. Boon, None; Jan Wijnholds, 
LUMC (P)
Support: FFB project nr TA-GT-0715-0665-LUMC, Curing 
Retinal Blindness Foundation, Stichting Retina Nederland Fonds, 
Landelijke St. Blinden en Slechtzienden, Rotterdamse Stichting, 
Blindenbelangen, St. Blindenhulp, St. Blinden-Penning, Algemene 
Nederlandse Vereniging ter Voorkoming van Blindheid (ANVVB), 
Gelderse Blinden Stichting, MaculaFonds

Program Number: 4094 Poster Board Number: B0094
Presentation Time: 8:30 AM–10:15 AM
Rod outer segments influence the efficiency of AAV-mediated rod 
transduction
Lolita Petit1, Shan Ma1, Shun-Yun Cheng1, Guangping Gao2, 
Claudio Punzo3. 1Gene Therapy Center / Ophthalmology, University 
of Massachusetts Medical School, Worcester, MA; 2Gene Therapy 
Center / Microbiology and Physiological Systems, University of 
Massachusetts Medical School, Worcester, MA; 3Gene Therapy 
Center / Ophthalmology / Neurobiology, University of Massachusetts 
Medical School, Worcester, MA.
Purpose: Photoreceptors (PRs) are the primary cells affected in many 
human retinal diseases. Successfully treating these diseases with gene 
therapy relies on the efficient transduction of PRs, which remains 
frequently sub-optimal. PR transduction could be vastly improved 
by a deeper understanding of the factors that limit PR permissivity 
to adeno-associated virus (AAV). Interestingly, it has been noted 
recently that subretinal injection of AAV8 at birth results primarily 
in cone transduction, whereas the vast majority of transduced cells in 
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adults are rods. Here, we aimed at better understanding this shift in 
tropism from cones to rods.
Methods: First, CD1 mice were subretinally injected at postnatal 
(PN) day 1, 5, 10 and 21 with different AAV vectors to identify 
differences in rod and cone transduction. Experiments used AAV type 
5 vectors carrying different transgenes (dGFP, H2bGFP eGFP and 
Cre) and promoters (CMV, qCMV and mCAR), as well as a panel 
of 13 AAV serotypes (1, 2, 3, 4, 5, 6, 7, 8, 9, rh8, rh10, rh39 and 
rh48) all expressing eGFP under the control of the CB6 promoter. 
Three weeks after delivery, retinal sections and flatmounts were 
imaged for direct transgene expression using fluorescent microscopy. 
Immunocytochemistry for cone-specific markers was used to 
determine the percentage of transduced cones and rods. Second, we 
evaluated if changes in tropism during PR development correlate with 
changes in inter-PR matrix binding. This mechanism was tested on 
PN1 and PN21 retinal explants. Finally, we evaluated if the presence 
of rod segments influences the tropism using two mouse models of 
rod-cone dystrophies.
Results: The data revealed that rod transduction temporally and 
spatially correlates with the development of their segments. All 
AAVs had an initial preference to transduce cone PRs when rod outer 
segments are not formed yet (PN1 and PN5), and then displayed a 
preference for rods as the cells maturate. This shift in tropism did 
not correlate with changes in AAV binding to the matrix. In contrast, 
altered development of rod segments was associated with a strong 
reduction of rod transduction and an increase in the percentage of 
transduced cones by 2-3.8 fold.
Conclusions: Our results indicate that rod outer segments are 
necessary for efficient rod transduction and establish access of 
AAV vectors to rods as one of the major regulatory factors for PR 
transduction in the adult retina upon subretinal delivery.
Commercial Relationships: Lolita Petit, None; Shan Ma, None; 
Shun-Yun Cheng, None; Guangping Gao, Voyager Therapeutics 
(I); Claudio Punzo, None
Support: Information Recherche Retinite Pigmentaire Unrestricted 
Grant (L.P.), Fulbright/Fondation Monahan Postdoctoral Fellowship 
(L.P.), Young Researcher in Ophthalmology Postdoctoral Fellowship 
(L.P.), AFM-Telethon Postdoctoral Fellowship (L.P.), NH Grant 
EY023570 (C.P.)

Program Number: 4095 Poster Board Number: B0095
Presentation Time: 8:30 AM–10:15 AM
Nonclinical safety of SAR422459 following subretinal injection in 
both eyes of monkeys
Patrick Benoit1, Kelly Tenneson2, Terence Appelqvist3. 1MS, 
Neurology & Ophthalmology unit, Sanofi, Chilly-mazarin, France; 
2Charles River Laboratories, Montreal, QC, Canada; 3Translational 
Medicine and Early Development, Sanofi, Vitry/Alfortville, France.
Purpose: Stargardt Disease (SD) is a bilateral blinding disease. In an 
ongoing clinical trial of SAR422459, an ABCA4 gene replacement 
therapy, treatment is given to only the more severely affected eye. 
We investigated the toxicology and immunogenicity of SAR422459 
following subretinal injection in both eyes of rhesus monkeys to 
support a clinical development involving both eyes of patients for 
improved benefit.
Methods: Two groups of 3 monkeys/sex were given a 100 μL 
subretinal injection of SAR422459 at 4.7x105 or 1.8x106 TU in the 
first eye, followed by a similar injection in the second eye, 4-weeks 
later. A control group received vehicle under the same conditions. 
Animals were euthanized 4-weeks after the second injection. They 
were assessed for toxicity based on clinical signs, body weight, food 
consumption, electrocardiography, complete ophthalmology exams, 

and histopathology. Serum was taken for immunology throughout the 
study.
Results: Subretinal administration of SAR422459 to both eyes of 
monkeys was well tolerated. Specifically, there were no adverse 
clinical findings and body weight and food consumption were 
unaffected. Compared to first injected eyes, there was a slight 
increase in perioperative anterior chamber inflammation of second 
eyes but the levels recorded were similar to those in control eyes. 
ERG was unaffected in treated eyes. At histopathology, changes 
in the second eye included dose-related minimal to moderate 
mononuclear cell infiltrates in vitreous, retina, anterior uvea, choroid 
and sclera, and moderate mixed cell infiltrates in vitreous, whereas 
findings were limited to minimal/mild mononuclear cell infiltrates in 
vitreous body and retina for the high dose group only in first injected 
eyes. The differences between eyes were considered likely to be 
due to the longer recovery time between injection and necropsy for 
the first eye (8 vs 4 weeks for second eye), rather than an immune 
response in the second eye. There were no signs of overt toxicity or 
other changes to the retina, and no relevant histopathological changes 
in systemic tissues. At immunology, no antibodies to SAR422459 or 
components were detected.
Conclusions: There was no evidence of an immunogenic reaction 
following treatment of the second eye with SAR422459 and no 
increased toxicity at the injection site or elsewhere. These results 
support the subretinal administration of SAR422459 in both eyes of 
patients with SD.
Commercial Relationships: Patrick Benoit, Sanofi 
(E); Kelly Tenneson, Charles River Laboratories (C); 
Terence Appelqvist, Sanofi (E)

Program Number: 4096 Poster Board Number: B0096
Presentation Time: 8:30 AM–10:15 AM
Evaluation of electroretinography in cynomolgus monkeys after 
subretinal injection of rAAV.hPDE6A
Tobias Peters1, 2, Barbara Wilhelm2, birgit niggemann3, 
Sven Korte3, Karl U. Bartz-Schmidt4, Stylianos Michalakis5, Guy 
Alex Ochakovski4, Dominik M. Fischer4, 1. 1Institute for Ophthalmic 
Research, Centre for Ophthalmology, University of Tuebingen, 
Tuebingen, Germany; 2STZ eyetrial at the Centre for Ophthalmology, 
University of Tübingen, Germany, Tuebingen, Germany; 3Covance 
Preclinical Services GmbH, Muenster, Germany; 4University Eye 
Hospital, Centre for Ophthalmology, University of Tuebingen, 
Tuebingen, Germany; 5Center for Drug Research, Ludwig-
Maximilians-Universität München, Munich, Germany.
Purpose: A GLP conform toxicological study was performed in non-
human primates (NHP) after subretinal injection of rAAV.hPDE6A 
in order to explore safety issues for implementation of a phase I/II 
clinical gene therapy trial.
Methods: 22 purpose-bread NHPs (macaca fascicularis) were 
allocated to either control (n=3 per sex) receiving vehicle only, low 
dose (1x1011 total vector genomes (vg)) or high dose (1x1012 vg) 
groups (n=4 per sex). Each test item cohort (subretinal dosing on 
day 1 only) consisted of 4 animals per sex. GLP-compliant, scotopic 
and photopic fullfield electroretinographic recordings (ERGs) were 
obtained during the pre-dose phase, and at 4 and 12 weeks after 
dosing. Rod function were recorded in response to increasing light 
intensities in dark adapted state as well as cone responses after light 
adaptation, according to the recommendations of the ERG- Standard 
of the International Society for Clinical Electrophysiology of Vision 
(ISCEV).
Results: In one animal of the control group retinal atrophy in the 
treated eye resulted in about 60% reduced ERG amplitudes. ERG 
results of all treated animals showed no signs of severe deterioration. 
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No significant changes could be seen in implicit times in any 
response, indicating a well-preserved function of the responding cell 
population in each animal.
Conclusions: Fullfield ERG as a summed potential is able to detect 
relevant and irreversible deterioration of retinal function. No signs 
of irreversible damage could be seen up to 12 weeks after subretinal 
injection of rAAV.hPDE6A. This supports the notion that PDE6A 
gene therapy with the vector used is safe in non-human primates.
Commercial Relationships: Tobias Peters, None; 
Barbara Wilhelm, None; birgit niggemann, None; Sven Korte, 
None; Karl U. Bartz-Schmidt, None; Stylianos Michalakis, 
Eyeserv GmbH (P); Guy Alex Ochakovski, None; 
Dominik M. Fischer, None
Support: Tistou and Charlotte Kerstan Foundation

Program Number: 4097 Poster Board Number: B0097
Presentation Time: 8:30 AM–10:15 AM
Assessment of next-generation AAV variants in gerbil and  
non-human primate retina following intravitreal injection
Annahita Keravala, Yu-Shan Tseng, Tawny Neal, Ming Ni, 
Christopher Chavez, Mehdi Gasmi. Adverum Biotechnologies Inc, 
Menlo Park, CA.
Purpose: Adeno-associated virus (AAV)-mediated gene therapy 
using sub-retinal (SR) injections is promising for some ocular 
diseases. Intravitreal (IVT) administration of existing AAV serotypes 
is far less efficient, notably due to the inner limiting membrane 
(ILM), which is a profound barrier in the primate retina. 2.5T and 
ShH10 can transduce photoreceptor in pig explants or in SR-injected 
mice. However, they are unable to efficiently cross the ILM and 
penetrate the entire non-human primate (NHP) retina when delivered 
IVT perhaps due to their inability to sufficiently bind heparan sulfate 
proteoglycan (HSPG) receptors that are abundant on the ILM. We 
are developing AAV vectors that can overcome this limitation and 
effectively transduce target cells following IVT injection for diseases 
where SR delivery is not a preferred method.
Methods: We attempted to create hybrid vectors for enhanced IVT 
delivery by inserting a HSPG-binding domain or a peptide loop. 
We engineered 2.5T-HSPG swap variants by either substituting two 
positively charged resides, a short region comprising of 6 binding 
residues, or a longer region consisting of the binding domain and 
flanking residues in the receptor-binding region of 2.5T, from AAV2. 
We generated ShH10/7m8 by inserting the 10 amino acid 7m8-
loop in the surface exposed, receptor-binding region of ShH10. We 
performed a binding assay using the HiTrap Heparin HP column and 
we analyzed the collected fractions by a dot blot using the α-AAV B1 
antibody. We evaluated transgene expression and distribution in pig 
retinal explants, and in IVT-delivered gerbil and NHP retinas.
Results: A majority of the 2.5T-HSPG swap variants packaged 
successfully and demonstrated varying levels of HSPG-binding 
compared to the parent capsid. An interesting observation in pig 
explants was altered tropism compared to the parent capsid. Also, 
several 2.5T-HSPG variants showed significantly improved transgene 
expression in gerbils after IVT delivery. Although the ShH10/7m8 
hybrid had an enhanced expression profile in pig explants, it was not 
significantly improved over ShH10 in IVT-transduced gerbil retinas. 
Efficacy of candidate variants is currently being tested in NHPs.
Conclusions: The resulting 2.5T-HSPG chimeric variants did indeed 
acquire the desired HSPG-binding ability, which resulted in improved 
tropism in gerbil retina.
Commercial Relationships: Annahita Keravala, Adverum 
Biotechnologies Inc. (E); Yu-Shan Tseng, Adverum Biotechnologies 
Inc. (E); Tawny Neal, Adverum Biotechnologies Inc. (E); Ming Ni, 
Adverum Biotechnologies Inc. (E); Christopher Chavez, Adverum 

Biotechnologies Inc. (E); Mehdi Gasmi, Adverum Biotechnologies 
Inc. (E), Adverum Biotechnologies Inc. (S)

Program Number: 4098 Poster Board Number: B0098
Presentation Time: 8:30 AM–10:15 AM
Investigating the utility of mice as a model for developing 
clinically relevant dual AAV vectors to treat USH1B
Kaitlyn Calabro1, Sanford Boye1, Kevin T. Mccullough1, 
Shreyasi Choudhury1, Paul D. Gamlin2, Shannon E. Boye1. 
1Department of Ophthalmology, Univesity of Florida, Gainesville, 
FL; 2Department of Opthalmology, University of Alabama at 
Birmingham, Birmingham, AL.
Purpose: Efforts are underway to develop a dual AAV-based 
approach to treat MYO7A-Usher syndrome 1B. While MYO7A is 
indispensable for the function/survival of human photoreceptors 
(PR), retinas of Myo7a null mice don’t degenerate, and exhibit 
only mild functional deficits, including a reported impairment in 
rhodopsin trafficking through the PR connecting cilium. Differences 
in PR structure between species may account for this discrepancy. In 
primates, MYO7A localizes to calyceal processes which are absent 
in mice. The purpose of our study was to further interrogate whether 
Myo7a -/- mice can provide reliable outcome measures of gene 
therapy.
Methods: We assessed whether the absence of MYO7A significantly 
impacted rhodopsin trafficking in mouse PRs by breeding newly 
established Myo7a knock out mice (Myo7a KO) with mice containing 
knock-in human rhodopsin-GFP fusion (Rho-GFP) to generate 
Myo7a-/- :Rho-GFP+/-. Myo7a +/-:Rho-GFP+/- littermates served as 
controls. Rho(P23H) transgenic:Rho-GFP+/- mice were generated for 
comparison. Retinal function and structure were assessed by ERG 
and OCT at P30, 60 and 90. RHO-GFP localization was compared 
in retinal cross sections with microscopy. Second, we explored the 
distribution of MYO7A in mouse vs. macaque. Protein from neural 
retina and retinal pigment epithelium (RPE) were evaluated by 
western blot to determine the relative distribution of MYO7A.
Results: The absence of MYO7A had no impact on rhodopsin-GFP 
trafficking. Additionally, no differences were observed in retinal 
function/structure out to P30 relative to controls. Analysis of older 
mice is ongoing. MYO7A expression was essentially restricted to the 
neural retina in adult macaque whereas, in mouse, the majority of 
MY07A was in the RPE.
Conclusions: Localization of rhodopsin cannot serve as a metric 
for evaluating therapeutic efficacy in Myo7a KO mice. Our results 
suggest that MYO7A does not play a role in rhodopsin trafficking in 
mouse. In agreement with this, we see a strikingly different pattern of 
MYO7A expression in mouse vs. macaque. These results suggest that 
dual AAV-mediated gene therapies must be designed to recapitulate 
the endogenous pattern of MYO7A expression in primate retina. 
However, Myo7a-/- mouse models have utility for evaluating the 
relationship between efficiency of vector recombination and MYO7A 
expression.
Commercial Relationships: Kaitlyn Calabro; Sanford Boye, UF 
Foundation (P); Kevin T. Mccullough, None; Shreyasi Choudhury, 
None; Paul D. Gamlin, None; Shannon E. Boye, UF Foundation (P)
Support: NH Grant EY007132, Foundation Fighting Blindness, NH 
Grant EY024280, Research to Prevent Blindness
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Retinal Ganglion Cell Gene Transfer Is Achieved Following 
Intrathecal Administration of AAV9
Steven J. Gray1, 2, Zongchao Han1, Rachel Bailey2, 
Alejandra Rozenberg2, Min Zheng1, Rajendra Mitra1. 
1Ophthalmology, University of North Carolina at Chapel Hill, Chapel 
Hill, NC; 2Gene Therapy Center, University of North Carolina at 
Chapel Hill, Chapel Hill, NC.
Purpose: Intrathecal administration of adeno-associated virus type 9 
(AAV9) is an approach being utilized to treat an increasing number of 
neurological disorders, many of which have optic nerve degeneration. 
We tested the hypothesis that optic nerve (retinal ganglion cell, RGC) 
transduction occurs in mice along with the widespread brain gene 
transfer observed with this vector and route of administration.
Methods: Adult female C57BL/6 mice received a single intra-
cerebrospinal fluid (CSF) injection of 4.5x1011 vg scAAV9/CBh-GFP 
(5 uL total volume) via a lumbar puncture (n=9) or via an injection 
into the cisterna magna (n=4). Two mice were injected with vehicle 
as controls. At 1, 2, 3, and 4 weeks post-injection, GFP expression 
in the retina was visualized using a Micron IV retinal imaging 
microscope (Phoenix Research Labs). At 4 weeks post-injection, 
mice were sacrificed and histology was performed to visualize GFP 
expression in the retina.
Results: At 1 week following injection, minimal GFP expression 
was observed in the retina. At 2 weeks, extensive and widespread 
GFP expression was observed across the retina. Expression peaked 
at 2-3 weeks, and remained stable to the end of the study at 4 weeks. 
No appreciable difference was seen between the lumbar intrathecal 
and cisterna magna routes of administration. By histology, RGCs 
were transduced. Ongoing studies are in progress to quantify the 
results and to identify whether non-RGC cells in the retina are also 
transduced. A qualitative representative image is provided as Figure 
1.
Conclusions: Intrathecal injections are routine outpatient procedures, 
and intrathecal administration of AAV9 is being evaluated in Phase 
I clinical trials for Giant Axonal Neuropathy (GAN) and Batten 
Disease type 6 (clinicaltrials.gov identifiers NCT02362438 and 
NCT02725580, respectively). Optic neuropathy is a feature of both 
diseases, and our studies suggest that the current clinical approach 
has some potential to treat this component of each disease. We 
propose that intrathecal administration of AAV9 is a translationally-
relevant approach for gene transfer to RGCs across the entire retina. 
However, questions remain as to whether the efficiency is sufficient 
to provide treatment efficacy and how effectively these results 
translate from mice to larger animals and humans.

Fluorescent in vivo imaging of the mouse retina 4 weeks following 
intrathecal injection of scAAV9/CBh-GFP.
Commercial Relationships: Steven J. Gray, Asklepios 
Biopharmaceuticals (R); Zongchao Han, None; Rachel Bailey, 
None; Alejandra Rozenberg, None; Min Zheng, None; 
Rajendra Mitra, None
Support: Hannah's Hope Fund, Research to Prevent Blindness
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Non-inferiority of subretinal versus intravitreal injection 
regarding photoreceptor layer thickness
Guy Alex Ochakovski1, Tobias Peters3, Stylianos Michalakis2, 
Barbara Wilhelm3, K. Ulrich Bartz-Schmidt1, M Dominik Fischer1, 3. 
1University Eye Hospital, Centre for Ophthalmology, University 
Hospital Tuebingen, Tübingen, Germany; 2Center for Integrated 
Protein Science Munich CiPSM at the Department of Pharmacy 
- Center for Drug Research, Ludwig-Maximilians-Universität 
München, Munich, Germany; 3STZ eyetrial at the Centre for 
Ophthalmology, University Hospital Tuebingen, Tübingen, Germany.
Purpose: Despite ever growing adoption of subretinal (SR) and 
intravitreal (IVT) injection methods for vector delivery in ocular 
gene therapy trials, concerns regarding the SR approach in terms of 
possible deleterious effects on the outer retina are yet to be cleared. 
We tested the SR injection for quantifiable and qualitative structural 
changes in the outer retina and compared them for non-inferiority to 
the IVT approach in non-human primates.
Methods: In a fully GLP compliant toxicology study, 22 cynomolgus 
monkeys (ages 4-5, 11 male) underwent single intraocular injections 
with rAAV2/8 or vehicle. 18 animals received SR injections with 
vehicle (n = 6) or vector (n = 12), 4 animals received vector as IVT 
injection. Optical coherence tomography was used to visualise retinal 
layers before and at two timepoints after the injection (2 and 13 
weeks). Outer nuclear layer (ONL) thickness was used as outcome 
measure to quantify change from baseline for a non-inferiority 
analysis. Clinical significance threshold for inferiority (M1 value) 
was set to an ONL reduction equivalent of three line vision loss based 
on previous studies (Matsumoto et al., Am J Ophthalmol. 148(1):105, 
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2009). Preservation of the physiological elongation of photoreceptor 
outer segments in the fovea (foveal bulge) was used as a secondary, 
qualitative measure of visual outcome.
Results: In the SR group the average ONL change from baseline 
after 2 weeks was -6.54 ± 5.16μm (mean±s.d). In the IVT group the 
average change at 2 weeks was +1.50 ± 4.36μm. At 13 weeks, the SR 
group maintained a difference of -6.54 ± 9.66μm from baseline while 
IVT group gained +1.00 ± 4.24μm in ONL thickness on average. The 
foveal bulge was preserved in 9 out of 13 eyes (69%) in the SR group 
and in all eyes in the IVT group.
Conclusions: The SR injection has proven not to be inferior in a 
clinically significant manner to the IVT injection in terms of ONL 
thickness loss and estimated VA losses. Although SR injection was 
shown to be followed by some limited degree of ONL thinning, the 
observed effect including the 95% confidence intervals were under 
the predefined clinical significance threshold both after 2 and 13 
weeks.
Commercial Relationships: Guy Alex Ochakovski, None; 
Tobias Peters, None; Stylianos Michalakis, Eyeserv GmbH (P); 
Barbara Wilhelm, None; K. Ulrich Bartz-Schmidt, None; M 
Dominik Fischer
Support: Tistou & Charlotte Kerstan Foundation
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Ultrasound-mediated nanoparticle delivery across ex vivo bovine 
retina after intravitreal injection
Di Huang, Ying-Shan Chen, Ilva D. Rupenthal. Ophthalmology, The 
University of Auckland, Auckland, New Zealand.
Purpose: Intravitreal injection is the most common and effective 
administration route for the treatment of retinal diseases. However, 
the vitreous and some of the retinal layers themselves act as 
significant barriers to efficient drug delivery, especially when aiming 
to deliver peptides and proteins with short half-lives. This work 
aimed to improve the vitreous mobility and retinal permeability 
of intravitreally administered peptides using a combination of 
nanocarriers and ultrasound (US) in order to achieve a more efficient 
and prolonged clinical effect.
Methods: Ex vivo bovine eye cups were utilized and the vitreous was 
either left intact or removed gently from the neural retina. Hyaluronic 
acid (HA) coated fluorescein isothiocyanate-labelled connexin43 
mimetic peptide (FITC-Cx43 MP) loaded human serum albumin 
nanoparticles (HSA NPs) were prepared and administered into the 
ex vivo eye cups followed by continuous US application with a 
frequency of 1 MHz, an intensity of 0.5 W/cm2, and a duration of  
30 s once or repeatedly. After pre-determined time points, 
fluorescence intensities in the vitreous or the retinal tissues were 
analyzed. Moreover, histological examination of the retina and sclera/
choroid was performed to determine whether the employed US 
parameters caused any damage to the ocular tissues.
Results: HA coated NPs were successfully formulated with a 
particle size of 252.70 ± 7.29 nm and a highly negative surface 
charge of -43.97 ± 0.38 mV, rendering them suitable for intravitreal 
administration. Compared to passive penetration of NPs, brief US 
application significantly increased the retinal permeability of NPs 
(p ≤ 0.05). The effect of US-enhanced permeation was shown to 
be reproducible with a temporary window of less than 15 min and 
repeated US application led to a more significant improvement in 
retinal permeability than single treatment (p ≤ 0.001). Short pulses 
of US also enhanced the mobility of intravitreally administered 
NPs through the vitreous with used US conditions not causing any 
detectable damage to the ocular tissues.

Conclusions: This work showed that US in combination with 
nanocarriers could be a powerful and safe tool to enhance retinal 
peptide delivery after intravitreal injection.
Commercial Relationships: Di Huang, None; Ying-Shan Chen, 
None; Ilva D. Rupenthal, None
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Extended Release of Bevacizumab Through Nanoliposomes for 
Treating Ocular Angiogenesis
Devi Kalyan Karumanchi2, 1, Jeffrey Benner1, Steven Cohen1, 
Yana Skrypai2, Alex Thomas2, Ajinboye Uwensuyi2, 
Elizabeth R. Gaillard2. 1The Drug Delivery Company, Baltimore, 
MD; 2Center for Biochemical and Biophysical Studies, Northern 
Illinois University, Dekalb, IL.
Purpose: To develop a sustained release ocular drug delivery system 
to improve the release kinetics of Bevacizumab to treat ocular 
angiogenesis
Methods: Fluorescent labeled Bevacizumab (Avastin) was 
encapsulated in cocktail of different liposomal formulations. The 
liposomes were examined for hydrodynamic diameter, surface 
morphology, thermal stability and in vitro release using dynamic 
light scattering, transmission electron microscopy, differential 
scanning calorimetry and dissolution studies respectively. Dutch 
belted rabbits were used as animal models to compare controls with 
various strategies like liposomal injections, hydrogels and drug depot 
implants to improve the sustained release of Avastin over a longer 
period of time. Sustained release and diffusion of the fluorescent 
labeled antibodies in the rabbit’s eye was screened using a Fluorotron 
spectrofluorometer on a weekly basis.
Results: The liposomal formulations after extrusion exhibited a 
narrow size distribution of approximately 100-150 nm in diameter 
with around 85-92% encapsulation efficiency. From the in vitro 
drug release studies, we observed a timed release over a period 
of 6-8 months depending on the composition of the formulation. 
Through trapping the bevacizumab loaded liposomes in hydrogels 
and drug depot implants, we were able to extend the release to about 
7-8 months in vitro. In vivo drug release kinetics and distribution 
using Dutch belted rabbits as animal models to test the efficacy of 
liposomes, hydrogels and the implant are currently in progress.
Conclusions: Liposomal compositions were modified to improve 
the stability and to extend the time of release. Abrishami et al have 
been able to obtain a sustained release of the anti-VEGF drugs up to a 
period of 42 days. We have been successful in encapsulating a model 
protein into our stable liposomal formulations and employ different 
intravitreal administration strategies to attain a controlled release 
over a period of 6-8 months in vitro. Currently, we are studying the in 
vivo drug release kinetics and distribution using Dutch belted rabbits 
as animal models. With this study, our efforts would be to decrease 
the frequency of intravitreal injections from 12 to 2 per year, thereby 
effectively making the treatment more economical.
Commercial Relationships: Devi Kalyan Karumanchi, Northern 
Illinois University (P); Jeffrey Benner, The Drug Delivery 
Company (F); Steven Cohen, The Drug Delivery Company (F); 
Yana Skrypai, None; Alex Thomas, None; Ajinboye Uwensuyi, 
None; Elizabeth R. Gaillard, Northern Illinois University (P)
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Sustained Release of Peptides to the Ocular Surface via NanoM™ 
Wafer
Shikha P. Barman1, Brendan Hackett2, Kevin L. Ward2, 
Laura Kaminski2. 1Executive, Integral BioSystems, Bedford, MA; 
2Integral BioSystems, Bedford, MA.
Purpose: Due to their high receptor specificity and biological 
activity, peptides can have higher potency than small molecule-based 
pharmaceutics. There is increasing interest in the use of peptides for 
therapy of dry eye, corneal abrasions, etc. However, due to rapid 
fluid clearance and naso-lacrimal losses, eye-drops lead to frequent 
dosing and eventual lack of patient compliance. Also, peptides are 
susceptible to proteolytic degradation, leading to short half-lives.
A sustained release peptide-containing matrix can provide protection 
from proteolysis, while providing a consistent supply of the intact 
therapeutic to the eye. However, achieving gradual release of 
peptides, especially those with < 100 amino acids is a challenge, due 
to their water solubility and small molecular size.
We are developing NanoM™ Wafer, an ocular insert that is self-
administered into the conjunctival fornix and which releases a 
sustained concentration of peptide over a week. For the peptide, we 
have selected a 39-mer poly (amino acid), 3900 g/mole and with 
high solubility in water. We selected this model peptide due to its 
similarity in properties to several therapeutic peptides under research.
We present an approach and data that focuses on design 
characteristics of the delivery system critical to its in-vivo 
performance.
Methods: Design parameters included compositions as they affect 
in-vitro release of the peptide, conditions for wafer fabrication that 
result in minimized oxidation of the peptide, and its protection from 
proteases. The matrices were fabricated using a proprietary process, 
with multifunctional attributes contributing to hydration into a 
hydrogel that form adhesive linkages to the eye. Peptide content  
(μg/mg), % degradants were analyzed by HPLC, morphology by 
SEM, % hydration by kinetics of water absorption and mucoadhesion 
on ocular tissue by a mechanical tester.
Results: Systems had inter-connected nano-pores between 100- 
250 nm, thicknesses between 0.13-0.34 mm and drug encapsulation 
between 2-5%. Wafer compositions modulated mucoadhesivity, 
biodegradation and drug release. Each device contained 2-5% of 
intact drug, ~ 2% burst and 1.5-2.5 μg released/ day for 7 days 
The matrix hydrated in ~ 20 seconds. Mucoadhesion was rapid and 
adhered to ocular tissue for ~7 days.
Conclusions: The data demonstrate that water-soluble peptides 
of < 100 amino acids, can be released in a sustained manner via 
NanoM™, over 7 days.
Commercial Relationships: Shikha P. Barman; Brendan Hackett, 
Integral BioSystems (P), Integral BioSystems (E); Kevin L. Ward, 
Integral BioSystems (P), Integral BioSystems (E); Laura Kaminski, 
Integral BioSystems (E)

Program Number: 4104 Poster Board Number: B0104
Presentation Time: 8:30 AM–10:15 AM
Ultra high-field MR-Imaging of a biodegradable, subconjunctival 
drug delivery system – in vitro, ex vivo and in vivo examinations
Franziska Kopp1, Stefan Polei2, Karen Falke1, Thomas Eickner3, 
Niels Grabow3, Martin Witt4, Oliver Stachs1, Rudolf F. Guthoff1, 
Tobias Lindner2. 1Ophthalmology, University Medical Center 
Rostock, Rostock, Germany; 2Core Facility Multimodal Small 
Animal Imaging, University Medical Center Rostock, Rostock, 
Germany; 3Institute for Biomedical Engineering, University Medical 
Center Rostock, Rostock, Germany; 4Institute of Anatomy, University 
Medical Center Rostock, Rostock, Germany.
Purpose: Drug delivery systems have gained increasing importance 
in managing chronic ocular diseases such as glaucoma. During 
the development of biodegradable drug depots, information about 
dimension and the degradation process is of high importance. In this 
study, we assess the suitability of ultra high-field MR-imaging (UHF-
MRI) for the characterization of depot localization and degradation.
Methods: An in situ polymerizing drug delivery system, consisting 
of hyaluronic acid and the cross-linking agent ELA-NCO, an 
isocyanate-functionalized 1,2-ethylene glycol bisdilactic acid 
derivative, was investigated using UHF-MRI at 7 Tesla (Biospec 
70/30, Bruker, Germany). In vitro measurements of the components, 
before and after polymerization, were conducted to establish optimal 
scan parameters. Ex vivo images after depot injection into the 
subconjunctival space of an enucleated pig eye were compared with 
hematoxylin and eosin (H&E) stained sections of the same eye.  
In vivo imaging and volumetric quantification of the drug depot were 
performed 3 and 12 weeks after injection into the subconjunctival 
space of a New Zealand White rabbit.
Results: The individual components as well as the polymer mixture 
could be analyzed in vitro with an optimal signal-to-noise ratio, 
using proton-density-weighted sequences with TE/TR = 7/2000 ms. 
Distinctly different polymer morphologies were observed based on 
the progress of the polymerization reaction. Ex vivo measurements of 
the polymer depot in a pig eye with TE/TR = 42/4550 ms achieved 
an in-plane resolution of 100 x 100 μm. Correlation of the MRI data 
with H&E stained sections confirmed the localization of the depot 
between sclera and conjunctiva. In vivo imaging of the drug depot 
using T2-weighted Turbo RARE sequences (TE/TR = 70/5180 ms) 
yielded an in-plane resolution of 120 x 120 μm. Volumetric analysis 
revealed a 36 % reduction between 3 and 12 weeks after depot 
injection.
Conclusions: UHF-MRI can be used as a noninvasive imaging tool 
during the development of subconjunctival drug delivery systems. 
T2-weighted Turbo RARE sequences allow high resolution depiction 
of the polymeric drug depot and its distinction from surrounding 
ocular tissues. Biodegradation of the drug depot can be monitored 
and quantified using volumetric analysis, which provides valuable 
information for the study and adaptation of drug release kinetics.
Commercial Relationships: Franziska Kopp, None; Stefan Polei, 
None; Karen Falke, None; Thomas Eickner, None; Niels Grabow, 
None; Martin Witt, None; Oliver Stachs, None; Rudolf F. Guthoff, 
None; Tobias Lindner, None
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Travoprost loaded lipid DNA-nanoparticles as a new and 
improved treatment for glaucoma
Sven Schnichels1, Jan Willem de Vries1, Agnieszka Gruszka1, 
Karl U. Bartz-Schmidt1, Sascha Dammeier4, Andreas Herrmann3, 
Martin S. Spitzer2, Jose Hurst1. 1University Eye Hosp Tübingen, 
Centre for Ophthalmology Tübingen, Tuebingen, Germany; 
2University Eye Hospital, Hamburg, Germany; 3University 
Groningen, Groningen, Netherlands; 4Institute for Ophthalmic 
Research, Tübingen, Germany.
Purpose: Our drug delivery platform based on lipid-modified DNA 
nanoparticles (NPs) was already presented in previous years showing 
improved topical delivery of antibiotics, biosafety of the carrier and 
first successful delivery to the retina upon intravitreal injection. Lipid 
DNA-NPs have an intrinsic affinity to the ocular surface and can be 
used as broadly functionalizable carriers for enhanced drug delivery. 
Here the anti-glaucoma drug travoprost was loaded into the NP 
(Trav-NPs) via aptameric interactions, leaving the chemical structure 
of the drug unmodified. The effects of the Trav-NPs were compared 
in-vitro, ex-vivo and in-vivo to the commercial drug formulation.
Methods: Fluorescently labeled Trav-NPs eye drops were applied 
onto ex-vivo pig eyes from an abattoir and in-vivo on rats. After 
different incubation times, the adhesion to the corneas was assessed 
via fluorescent microscopy and fluorophotometry. To evaluate the 
safety profile of the NPs, primary corneal epithelial cells were 
treated with Trav-NPs and cell viability was measured. Furthermore, 
the NPs were dropped on eyes using different dosing regimens. 
Cornea sections were then screened for apoptosis. The efficiency of 
delivery to ex-vivo and-in vivo tissue was determined with liquid 
chromatography–mass spectrometry (LC-MS) and compared to 
the commercially available formulation. Finally, the Trav-NPs and 
Travatan were dropped on rodents to evaluate the IOP lowering 
effect.
Results: Trav-NPs showed a long-lasting adherence to ex-vivo 
pig and in-vivo rat corneas and were present on the in-vivo cornea 
even after 60 minutes from eye drop installation. Both in-vitro and 
in-vivo toxicity experiments proved the biosafety of the Trav-NP. 
Quantification via LC-MS revealed that Trav-NPs deliver at least 
double amount of the drug at every time-point investigated compared 
to Travatan. Finally efficacy of the Trav-NPs was proven by the IOP 
lowering effect in-vivo in rats and glaucoma-affected mice.
Conclusions: Our data proves the functionality of our DNA-
based NP carrier system as anti-glaucoma drug delivery vehicle. 
We confirmed that the drug formulated with DNA NPs remained 
functional, that they are non-toxic and the eye-adhering NPs 
delivered higher amount of the drug to the site of action. These 
findings allow further investigation with our NP carrier system to 
improve the treatment for glaucoma patients by delivering drugs 
more efficiently to the eye.
Commercial Relationships: Sven Schnichels, University Eye 
Hospital Tübingen (P); Jan Willem de Vries, University Groningen 
(P); Agnieszka Gruszka, None; Karl U. Bartz-Schmidt, None; 
Sascha Dammeier, None; Andreas Herrmann, University 
Groningen (P); Martin S. Spitzer, University Eye Hospital Tübingen 
(P); Jose Hurst, None
Support: EXIST Forschungstransfer from the German Federal 
Ministry for Economic Affairs and Energy
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A Single Center Study of the Plasma Pharmacokinetics of 
DEXTENZATM (dexamethasone insert) 0.4 mg in Healthy 
Volunteers
Eugene B. McLaurin1, David G. Evans1, Robert Noecker2, Jamie 
Lynne Metzinger3, Deepa Mulani3, Jonathan H. Talamo3. 1Total Eye 
Care, PA, Memphis, TN; 2Ophthalmic Consultants of Connecticut, 
Fairfield, CT; 3Ocular Therapeutix, Inc, Bedford, MA.
Purpose: To evaluate the plasma pharmacokinetics (PK) of 
DEXTENZA as an extended release drug (dexamethasone) insert 
when placed in the canaliculus of the eyelid in healthy volunteers.
Methods: This was an open-label, single-center study. DEXTENZA 
was inserted unilaterally into the inferior canaliculus in eligible 
patients. During the day of insertion, subjects underwent blood draws 
at 1 hour (± 30 min) pre-insertion and at the following post-insertion 
schedule: Hours 1, 2, 4, 8 and 16. Follow-up visits occurred at Days 
2, 4, 8, 15, 22 and 29 for additional plasma collection. The primary 
PK endpoints evaluated were Cmax, AUC and Tmax. Other parameters 
evaluated included ease of insertion, presence of insert at all study 
visits, ease of product visualization, and if necessary, ease of removal. 
During the study period, subjects were monitored for adverse events 
that may be associated with the placement and subsequent presence 
of DEXTENZA.
Results: A total of 16 healthy volunteers ranging from 19 to  
55 years (mean: 31.7 years) were enrolled; a majority of subjects 
were female (68.7%). Plasma concentrations of dexamethasone 
were below the lower limit of quantitation (LLOQ = 0.05 ng/mL) at 
all time-points in 5 of the 16 subjects. In the remaining 11 subjects, 
plasma dexamethasone concentrations were below LLOQ at 1 and 
2 hours post-insertion, and at the Day 15, 22 and 29 Visits. In the 
11% of samples (21 of 190) that were above the LLOQ, plasma 
dexamethasone concentrations ranged from 0.05 ng/mL to 0.81 
ng/mL. Plasma concentrations did not appear to be related to age, 
gender, or body weight of subjects. Four subjects (25%) experienced 
a total of four adverse events (AEs). Three subjects (18.7%) 
experienced elevated IOP; the event was considered related to 
treatment, of mild severity, and resolved upon removal or hydrolysis 
of DEXTENZA. No serious AEs were reported.
Conclusions: The results of this study indicate that DEXTENZA 
results in negligible systemic exposure to dexamethasone with the 
vast majority of samples being below the LLOQ; this result is in line 
with previous studies. Elevated IOP in phakic patients with young, 
healthy eyes is congruent with the mechanism of action. The safety 
profile of DEXTENZA is consistent with that reported previously 
with the ocular administration of dexamethasone.



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.

Mean Plasma Concentration of Dexamethasone vs. Time

Overall Summary of Adverse Events
Commercial Relationships: Eugene B. McLaurin, Ocular 
Therapeutix, Inc. (F); David G. Evans, None; Robert Noecker, 
None; Jamie Lynne Metzinger, None; Deepa Mulani, None; 
Jonathan H. Talamo, None
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Lipid modified aptamers as vehicles for ophthalmic drug delivery
Lisa Strudel1, Jose Hurst1, Agnieszka Gruszka1, Ullrich Hagel1, 
Jan Willem de Vries1, Karl U. Bartz-Schmidt1, Andreas Herrmann2, 
Martin S. Spitzer3, Sven Schnichels1. 1University Eye Hospital, 
Department of Ophthalmology, Tubingen, Germany; 2University of 
Groningen, Zernike Institute for Advanced Materials, Groningen, 
Netherlands; 3University Medical Center Hamburg-Eppendorf, 
Hamburg, Germany.
Purpose: Low efficiency of topical drug delivery formulations 
is an acknowledged problem in ophthalmology. To address this, 
we introduce lipid modified aptamers (lApts) as a new class of 
vehicles for ophthalmic drug delivery. The lApt design comprises 
the introduction of a lipid modification in an aptamer that has 
been selected for the target drug. This makes the aptamer strand 
amphiphilic, resulting in spontaneous formation of nanoparticles 
(NPs). At the same time, the aptameric corona of the NP ensures 
highly controlled drug loading.
Methods: The generality of the approach was demonstrated 
employing 3 different aptamers selected for Travoprost, Brimonidin 
and Kanamycin. Cytotoxicity of the lApt-NP was evaluated using 
primary corneal cells via MTS and caspase3/7 assay. For adherence 

studies fluorescently labeled lApt-NP solution was applied on 
rats. After the designated time-point the rat were sacrificed and 
eyes were enucleated and evaluated. Kanamycin loaded lApt-NP 
(lAptKan) and free kanamycin itself were used for minimum inhibitory 
concentration test (MIC) using E.coli. For further evaluation of 
lAptKan activity, porcine eyes from an abattoir were employed. 
Infectious P. aeruginosa were applied on corneas for 15 min. After  
24 h, the treatment with lAptKan and free kanamycin was started. 
2 days later different dilutions of the homogenized cornea were 
incubated on PIA plates and the colonies forming units (c.f.u.) were 
calculated.
Results: The lipid aptamers exhibit an increased corneal adherence 
compared with unmodified aptamers as they were still detectable  
60 min after application. No toxic effects were measured for the 
tested lApt-NPs concentrations. The MIC tests showed that under in 
vitro conditions, lAptKan NPs exhibited comparable level of activity to 
the free drug, which proved that the drug was liberated from the NPs.
The efficacy study revealed that lApt delivered kanamycin reduces 
bacterial growth on corneas much better than free kanamycin. In the 
untreated control, a growth of 5.3*109 c.f.u. was noted while free 
kanamycin reduced the c.f.u. to 3.7*109. A significant effect was 
observed with lAptKan, here only 0.4*109 c.f.u (p>0.001) were found.
Conclusions: The functionality of our lApt carrier system was 
proven in-vitro and ex vivo on corneal tissue. It can be concluded that 
due to the long residence time of lApt on the cornea, the efficacy of 
NP-formulated kanamycin is significantly higher when compared to 
free drug.
Commercial Relationships: Lisa Strudel, None; Jose Hurst, None; 
Agnieszka Gruszka, None; Ullrich Hagel, None;  
Jan Willem de Vries, University of Groningen (P);  
Karl U. Bartz-Schmidt, None; Andreas Herrmann, University 
of Groningen (P); Martin S. Spitzer, University of Tuebingen (P); 
Sven Schnichels, University of Tuebingen (P)
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An alternative and validated method for injection into the 
subretinal space via a transcleral posterior approach
Sachin Parikh1, 2, Andrew Le1, Julian Davenport1, 2, 
Michael B. Gorin1, 2, Anna Matynia1, 2, Steven Nusinowitz1. 1Stein Eye 
Institute, UCLA, Los Angeles, CA; 2Brain Research Institute, UCLA, 
Los Angeles, CA.
Purpose: Subretinal injections are the most common technique 
for delivering therapeutic agents to photoreceptors and the retinal 
pigment epithelium. We describe an alternative injection method 
in mice that successfully targets the subretinal space with minimal 
collateral damage and fast recovery times.
Methods: A lateral conjunctival incision was made in anesthetized 
male and female adult mice. The surrounding connective tissue 
was resected 0.5mm temporal to the optic nerve, exposing the 
injection site and avoiding the orbital blood sac. Fluorescein (0.3μl, 
n=18; 0.5μl, n=8; or 1.0μl, n=5 at 0.01%) was injected through a 
sclerotomy into the subretinal space (n=31 eyes in total). The location 
and topographic distribution of fluorescein was visualized by fundus 
imaging. Retinal thickness (Bruch’s membrane to the inner limiting 
membrane) was measured prior to injection, immediately after, 
and 2- and 4- weeks post injection using spectral domain optical 
coherence tomography. Retinal thickness measures were obtained at 
the injection site at adjacent areas. Rod-mediated retinal function was 
evaluated concurrently using electroretinography (ERG).
Results: No unintended retinal detachments, punctures of the 
neurosensory retina, leakage into the vitreous cavity, or lens nicking 
was observed. In addition, no evidence of an inflammatory response, 
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uveitis, or post-surgical infection was present. All detachments 
were completely resolved 2-weeks post-injection. Total retinal 
thickness showed an average 6.5 ± 1.9% thinning at the injection 
site (pre=196μm ± 1, n=31; 4-weeks=183μm ± 4, n=31, p=0.001) 
with no significant thinning distal to the injection site at 4-weeks 
post injection. Rod-mediated ERGs showed an average 9.6 ± 3.5% 
decrease in a-wave amplitude (pre=-356 ± 9 μV; 4-weeks=-324 
± 9 μV; p=0.013) and a trend towards reduced b-wave amplitude 
(pre=600 ± 17 μV; 4-weeks=552 ± 18 μV; p=0.055) at 4-weeks post 
injection.
Conclusions: Due to the high efficacy, minimal damage and fast 
recovery, this method is recommended for targeting viral vectors, 
pharmacological agents, or induced pluripotent stem cells to the 
subretinal space.
Commercial Relationships: Sachin Parikh, None; Andrew Le, 
None; Julian Davenport, None; Michael B. Gorin, None; 
Anna Matynia, None; Steven Nusinowitz, None
Support: EY00331-43

Program Number: 4109 Poster Board Number: B0109
Presentation Time: 8:30 AM–10:15 AM
A Retinal Ganglion Cell Targting and Protecting Intraocular 
Drug Delivery System Using Unimolecular Nanoparticles
Lianwang Guo, Lei Zhao, Guojun Chen, Jun Li, Yingmei Fu, 
Timur Mavlyutov, Annie Yao, Robert W. Nickells, Shaoqin Gong. 
University of Wisconsin, Madison, WI.
Purpose: Glaucoma is a common blinding disease characterized by 
loss of retinal ganglion cells (RGCs). To date, there is no clinically 
available treatment directly targeting RGCs. We aim to develop an 
RGC-targeted intraocular drug delivery system using unimolecular 
micelle nanoparticles (unimNPs) to prevent RGC loss.
Methods: 
The unimNPs were formed by single/individual multi-arm star 
amphiphilic block copolymer poly(amidoamine) – polyvalerolactone–
poly(ethylene glycol) (PAMAM–PVL–PEG). While the hydrophobic 
PAMAM–PVL core can encapsulate hydrophobic drugs, the 
hydrophilic PEG shell provides excellent water dispersity. We 
conjugated unimNPs with the cholera toxin B domain (CTB) for 
RGC-targeting and with Cy5.5 for unimNP-tracing. To exploit 
RGC-protective sigma-1 receptor (S1R), we loaded unimNPs with 
an endogenous S1R agonist dehydroepiandrosterone (DHEA) as an 
FDA-approved model drug.
Results: These unimNPs produced a steady DHEA release in vitro 
for over two months at pH 7.4. We then intraocularly co-injected 
unimNPs in mice with the glutamate analog N-methyl-D-aspartate 
(NMDA), which is excito-toxic and induces RGC death. The CTB-
conjugated unimNPs (i.e., targeted NPs) accumulated at the RGC 
layer and effectively preserved RGCs at least for 14 days, whereas 
the unimNPs without CTB (i.e., non-targeted NPs) showed neither 
accumulation at nor protection of NMDA-treated RGCs. Consistent 
with S1R functions, targeted NPs relative to non-targeted NPs 
showed markedly better inhibitory effects on apoptosis and oxidative/
inflammatory stresses in the RGC layer.
Conclusions: The DHEA-loaded, CTB-conjugated unimNPs 
represent an RGC/S1R dual-targeted nanoplatform that generates 
an efficacious template for further development of a sustainable 
intraocular drug delivery system to protect RGCs, which may be 
applicable to treatments directed at glaucomatous pathology.
*Lei Zhao and Guojun Chen contributed equally to this work;  
Lian-Wang Guo and Shaoqin Gong are co-coresponding authors.

Schematic: RGC-targeted nanoparticles accumulate at the RGC layer
Commercial Relationships: Lianwang Guo, None; Lei Zhao, 
None; Guojun Chen, None; Jun Li, None; Yingmei Fu, None; 
Timur Mavlyutov, None; Annie Yao, None; Robert W. Nickells, 
None; Shaoqin Gong, None
Support: EY022678
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Program Number: 4110 Poster Board Number: B0110
Presentation Time: 8:30 AM–10:15 AM
Low-Frequency, Low-Intensity Ultrasound Exposure Safety in 
Animal Eyes
William Yan1, Xingyan Lin3, Mingguang He1, 2. 1Ophthalmic 
Epidemiology, Centre for Eye Research Australia, East Melbourne, 
VIC, Australia; 2Department of Ophthalmology, University of 
Melbourne, Parkville, VIC, Australia; 3Ophthalmology, Zhongshan 
Ophthalmic Centre, Guangzhou, China.
Purpose: Low frequency, low intensity ultrasound is being studied 
as a novel transcleral drug delivery method and therapy. At low 
frequencies (≤ 40KHz), the waves exhibit unique non-thermal 
effects on tissues that promote cell wall permeation and cell 
regeneration. This study examined the effects of low-frequency 
ultrasound application to the anterior segment tissues and retinal 
electrophysiology, when applied directly to external eyelid tissues.
Methods: The external eyelids of 7 New Zealand White Rabbit 
eyes were subjected to 30-minute period exposures in-vivo of 
low frequency, low intensity ultrasound (BJ-NAVA, 20KHz, 
0.1Wcm2). Ocular surface temperatures (Type-T Thermocouple, RS 
Engineering), intraocular pressure (Tono-Pen, Reichert), slit-lamp 
biomicroscopy, OCT (Spectralis, Hiedelberg) and electroretinogram 
(Roland RETI-Port/Scan 21) findings were recorded at baseline 
and Days 1, 3, 9 and 30 post-exposure, and compared with the 
contralateral control eyes for statistical differences (Prism 7, 
GraphPad). Corneal and retinal tissue histology was examined for 
cell damage and morphological changes.
Results: Maximum mean temperatures recorded at the external  
lid, superior and inferior sub-tarsal ocular surfaces were 39.91  
(SEM = 0.61); 39.91 (SEM = 0.26) and 40.00 (SE = 0.30) Degrees 
Celsius respectively. The mean IOPs measured in exposed and 
control eyes were 11.33 (SEM = 0.52) and 11.95 (SEM = 0.47) 
mmHg respectively. Anterior chamber inflammation in one rabbit eye 
was recorded on Day 3, which spontaneously resolved the following 
day. There were no recorded changes in corneal histology on staining 
and SEM, retinal nerve fiber layer structure and appearance on OCT, 
or in a-wave and b-wave amplitude and interval size on ERG.
Conclusions: Our results support that low frequency and low 
intensity ultrasound exposure at 20 KHz and intensity 0.1Wcm2 for 
periods of up to 30 minutes produces reversible non-thermal effects 
and thermal effects across a safe range, and is not associated with 
overall changes in cell morphology or functional loss.

Day 9 Haematoxylin Stained Retinal Histology
Unexposed OS (Left)

Day 9 Haematoxylin Stained Retinal Histology
Exposed OD (Right)
Commercial Relationships: William Yan; Xingyan Lin, None; 
Mingguang He, None
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Program Number: 4111 Poster Board Number: B0111
Presentation Time: 8:30 AM–10:15 AM
In vitro and In vivo Sustained Release of Dexamethasone from 
Intravitreal Implants
Janet Tully, Mari Yang, Stuart Williams, Sanjib Das, 
Rozemarijn S. Verhoeven, RiLee Robeson, Rhett M. Schiffman, 
Benjamin R. Yerxa. Envisia Therapeutics, Moorisville, NC.
Purpose: Intravitreal dexamethasone is used in the treatment of 
diabetic macular edema (DME), retinal vein occlusion (RVO), and 
uveitis. Here we demonstrate the ability to fabricate biodegradable, 
dexamethasone containing intravitreal implants that result in 
sustained release of dexamethasone in the rabbit for at least three 
months based on a predictive in vitro method.
Methods: Implants were analyzed for dexamethasone content by 
RP-HPLC. In vitro release rates were measured at 37C in several 
release media to correlate in vitro to in vivo release rates, 1X PBS, 
pH 7.4 with and without 0.1% triton X-100 and unbuffered saline. In 
vivo pharmacokinetics and duration were evaluated in albino rabbits. 
Rabbits were given an intravitreal injection of dexamethasone 
containing implants and concentrations of dexamethasone were 
determined by LC-MS/MS in the recovered implants and ocular 
tissues at day 7 and months 1 and 3.
Results: Sustained release of dexamethasone was demonstrated in 
vitro and in the rabbit vitreous for greater than three months. When 
characterizing ENV formulations, both unbuffered saline and 1X 
PBS, pH 7.4 with 0.1% triton X-100 were predictive of overall 
duration in the rabbit. The day 7 and month 1 in vivo time points are 
underestimated with the non-surfactant containing release media. 
The 1X PBS, pH 7.4 with 0.1% triton X-100 is more predicative 
of the increased release in the rabbit at the earlier time points. 
However, saline was found to be the most predictive of Ozurdex ® 
duration in the rabbit, with 1X PBS, pH 7.4 with 0.1% triton X-100 
overestimating the in vivo duration. (Figure 1).
Conclusions: Sustained release of dexamethasone from 
biodegradable, intravitreal implants was demonstrated in vitro and in 
the rabbit vitreous out to three months, with sustained concentrations 
of dexamethasone measured in rabbit ocular tissues. These results 
indicate that in vitro release is predictive of duration and can be 
predictive of release rates in the rabbit vitreous for formulation 
screening and development.

Figure 1. Percent release of dexamethasone from ENV formulations 
(Groups A, B, and C) and Ozurdex (Group D) in different in vitro 
media and in rabbit vitreous.

Commercial Relationships: Janet Tully, Envisia Therapeutics 
(E); Mari Yang, Envisia Therapeutics (E); Stuart Williams, 
Envisia Therapeutics (E); Sanjib Das, Envisia Therapeutics 
(E); Rozemarijn S. Verhoeven, Envisia Therapeutics (E); 
RiLee Robeson, Envisia Therapeutics (E); Rhett M. Schiffman, 
Envisia Therapeutics (C); Benjamin R. Yerxa, Envisia Therapeutics 
(E)

Program Number: 4112 Poster Board Number: B0112
Presentation Time: 8:30 AM–10:15 AM
Targeted delivery of triamcinolone acetonide and CLS011A to the 
posterior ocular tissues via suprachoroidal administration
Brian Burke1, Samirkumar R. Patel1, Donna Taraborelli1, 
Craig B. Struble2, Glenn Noronha1. 1Clearside Biomedical, 
Alpharetta, GA; 2Covance, Madison, WI.
Purpose: Data for the ocular distribution of two drugs, triamcinolone 
acetonide (TA, corticosteroid) and CLS011A (tyrosine kinase 
inhibitor) following suprachoroidal administration in rabbit eyes, will 
be presented.
Methods: Suprachoroidal and intravitreal administration of TA (40 
mg/mL) was performed bilaterally into rabbit eyes. An additional 
group of animals were injected with a proprietary aqueous suspension 
of CLS011A (40 mg/mL) into the suprachoroidal space (SCS). 
Animals (n=2/time point) were sacrificed on at least 5 time points 
within 91 days. Ocular tissues (sclera/choroid/retinal pigment 
epithelium: SCR, retina, vitreous, iris-ciliary body: ICB, aqueous, 
and lens) and plasma were collected for quantification of drug 
concentrations. Analyses were performed using high performance 
liquid chromatography assays.
Results: TA was detectable throughout the 91 day period in eyes 
dosed by either suprachoroidal or intravitreal administration. Based 
on area under the curve analysis, 96% of the drug was exposed to 
SCR and retina after SCS administration, in comparison to 20% in 
these tissues following intravitreal administration (IVT). Retinal 
exposure was similar between the two groups: 19% SCS vs 15% IVT. 
A large difference was seen in the ICB exposure: <1% SCS vs 25% 
IVT. Results from suprachoroidal CLS011A showed drug levels in 
the SCR that were at least 3 orders of magnitude higher than vitreous 
and drug was below limits of detection (1 ng/mL) in the aqueous. 
These relative distribution levels for each drug were maintained 
during the 3 month study period.
Conclusions: Suprachoroidal administration of TA and CLS011A 
were targeted to the SCR and retina and targeting was maintained 
over 3 months. These data might have implications for a better 
therapeutic and/or safety profile for the treatment of chorio-retinal 
diseases.
Commercial Relationships: Brian Burke, Clearside Biomedical 
(E); Samirkumar R. Patel, Clearside Biomedical (E); 
Donna Taraborelli, Clearside Biomedical (E); Craig B. Struble, 
None; Glenn Noronha, Clearside Biomedical (E)
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Program Number: 4113 Poster Board Number: B0113
Presentation Time: 8:30 AM–10:15 AM
Development of a Poly-ε-lysine Contact Lens for Drug Delivery in 
the Management of Fungal Keratitis
Keri McLean1, 2, Andrew G. Gallagher1, 3, Rosalind M. Stewart1, 
Don A. Wellings3, Heather E. Allison4, Rachel Williams1. 1Department 
of Eye and Vision Science, Institute of Ageing and Chronic Diseases, 
University of Liverpool, Liverpool, United Kingdom; 2Royal 
Liverpool and Broadgreen University Hospital Trust, Liverpool, 
United Kingdom; 3SpheriTech Ltd., Runcorn, Cheshire, United 
Kingdom; 4Department of Functional and Comparative Genomics, 
Institute of Integrative Biology, University of Liverpool, Liverpool, 
United Kingdom.
Purpose: Fungal keratitis is challenging to treat. Antifungal drops are 
an inefficient means for drug delivery to the cornea with less than 7% 
of the drug reaching the site of infection. We developed a contact lens 
capable of sustained drug release to overcome this.
Methods: Amphotericin B (AmpB) was associated with a high-water 
content, transparent poly-ε-lysine (pεK) hydrogel with and without 
neutralisation (-NH2 / -NH3Cl) at 0-30 μg cm-3. Fungicidal effect 
against Candida albicans, including in the presence of 10% horse 
serum, was assessed at 18 and 42 h by optical density (OD600) and 
growth on agar. Tear film dilution effect was mimicked by storage 
of AmpB pεK gels in 0.1 cm3-3.4 cm3 sterile PBS for 24 h prior to 
fungal incubation. Drug elution over 96 h was evaluated by high 
performance liquid chromatography (HPLC) and drug stability 
was tested whilst associated with the gel by OD600 up to 48 h. Lack 
of cytotoxicity of the AmpB pεK gels towards the HCE-T corneal 
epithelial cell line was assessed over 3 days. Statistical analysis was 
performed using two way ANOVA with Tukey post-hoc analysis and 
one way univariate AVOVAs.
Results: Neutralised AmpB -NH2 pεK gels show improved fungicidal 
activity (p <0.005), and a longer (up to 72 h) drug release-profile 
above therapeutic levels (0.188 μg cm-3) compared to AmpB -NH3Cl 
pεK gel (p <0.005). Both pεK gels demonstrate fungicidal activity 
in normal conditions at 18 h: AmpB -NH2 (0.057 OD600, SD 0.003, 
p <0.005) and AmpB -NH3Cl (0.227 OD600, SD 0.340, p <0.005). 
Additionally, AmpB -NH2 pεK gels did so at even low concentrations 
of AmpB (3 μg cm-3) in the presence of horse serum at 18 h (0.048 
OD600, SD 0.003, p <0.005). ‘Tear dilution’ resulted in significantly 
less inhibition of fungal growth from AmpB -NH3Cl pεK gels at 3 
and 5 μg cm-3 Amp B (p <0.005), but had no effect on the action of 
AmpB -NH2 pεK gels. Neither the AmpB -NH2 or -NH3Cl pεK gels 
were cytotoxic to the HCE-T cell line, suggesting their potential for 
in vivo use as a contact lens.
Conclusions: AmpB -NH2 pεK gels confer sustained therapeutic 
antifungal activity for at least 48 h without corneal epithelial 
cytotoxicity. Used as a drug delivery bandage contact lens this could 
avoid the need for intensive topical medication in the treatment of 
fungal keratitis.
Commercial Relationships: Keri McLean; Andrew G. Gallagher, 
SpheriTech Ltd. (E); Rosalind M. Stewart, None; Don A. Wellings, 
SpheriTech Ltd. (F); Heather E. Allison, None; Rachel Williams, 
None
Support: EPSRC grant EP/M00220911; Royal College of Physicians 
Wolfson Foundation Intercalated Degree Fellowship; Institute of 
Ageing and Chronic Disease, University of Liverpool; Spheritech 
Ltd.

Program Number: 4114 Poster Board Number: B0114
Presentation Time: 8:30 AM–10:15 AM
A New Hyaluronic Acid-Cyclodextrin Tropicamide Ophthalmic 
Formulation
Maria G. Saita, Danilo Aleo, Barbara Melilli, Sergio Mangiafico, 
Melina Cro, Sebastiano Mangiafico. R&D, Medivis, Catania, Italy.
Purpose: Mydriatic Tropicamide (TR) eye drops available in the 
market are very painfull and burning due to the acidic formulations 
(pH=5.0). The objective of our study was to develop a new 
pH=7.0 hyaluronic acid-cyclodextrin based 0.5% TR formulation 
(MDV1221). Tolerability, Precorneal Residence Time and Mydriasis 
of MDV1221 were compared vs 1% TR solution (Visumidriatic, 
Visufarma Italy) in rabbits.
Methods: Stability of MDV1221 was evaluated under ICH 
conditions. The assessment of the potential irritant and cytotoxic 
effects of MDV 1221 has been carried out through the model of the 
reconstituted human corneal epithelium (HCE) provided by SkinEthic 
Laboratories (Nice, France). The experiment was conducted as 
described by F. Van Goethem et al., 2006 Toxicol In Vitro, 20 (1), 
1-17. Six male New Zealand albino rabbits were used and instilled 
with 30μl of MDV1221 (3 animals) and Visumidriatic (3 animals). 
Tear samples (1μl) were collected after 2, 5, 10, 20 and 40 min, 
diluted with water and TR concentrations evaluated by UHPLC-MS. 
Mean Precorneal Residence Time (MPRT min) of TR was defined as 
the ratio between Area Under Momentum Curve/Area Under Curve. 
Mydriatic activity tests were carried out on male not anaesthetized 
new Zealand albino rabbit, selected on the basis of the similar 
response to light intensity and to the mydriatic activity of TR. Peak 
time (Pt min), Duration (D min) and Maximal Mydriatic Response 
(Imax mm) of MDV1221 and Visumidriatic were compared.
Results: MDV1221 was stable at 25°C for 24 months as well as at 
40°C for 6 months. For what concern biocompatibility we had 95% 
of viability for MDV1221 (not irritant) while Visumidriatic resulted 
irritant with 58% viability; for citotoxicity we ha 89% of viability 
for MDV1221 (not citotoxic) while Visumidriatic resulted citotoxic 
with 54% viability. MPRT resulted similar 10.1min (MDV1221) 
vs 10.3min (Visumidriatic). Mydriatic parameters of both products 
were: Peak time 90min and Duration 360min for both MDV1221 and 
Visumidriatic, while Imax was 2.3mm for MDV1221 and 2.4mm for 
Visumidriatic.
Conclusions: The hyaluronic acid-ciclodextrin vehicle guarantees 
stability at physiological pH as well better tolerability to TR in 
MDV1221 in comparison with Visumidriatic. Mydriatic parameters 
were similar. It can be hypothised that MDV1221 will represent a 
new effective burning – free formulation of Tropicamide.
Commercial Relationships: Maria G. Saita, Medivis (E); 
Danilo Aleo, Medivis (E); Barbara Melilli, Medivis (E); 
Sergio Mangiafico, Medivis (E); Melina Cro, Medivis (E); 
Sebastiano Mangiafico, Medivis (E)

Program Number: 4115 Poster Board Number: B0115
Presentation Time: 8:30 AM–10:15 AM
Modifications of Sunitinib-Loaded GB-102 Microparticles that 
Lengthen Drug Release: 9-Months Ocular Tolerability and PK in 
Rabbit Following IVT Dosing
Ming Yang1, Ward Peterson1, Yun Yu1, Joshua Kays1, 
Delia Cardona1, David Culp3, Brian C. Gilger2, David McKenzie1, 
Abraham Anonuevo1, Bryan Hoang1, Connie Yu1, Jeffrey Cleland1. 
1Graybug Vision, Inc., Redwood City, CA; 2Clinical Sciences, North 
Carolina State University, Raleigh, NC; 3Powered Research, LLC, 
Durham, NC.
Purpose: To evaluate the ocular tolerability and pharmacokinetics 
(PK) of a new longer-lasting formulation of GB-102, a novel 
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microparticle (MP) formulation of the potent dual VEGFR/PDGFR 
inhibitor sunitinib malate (SM).
Methods: We previously reported SM-containing, biodegradable MP 
(GB-102) that provide pharmacologically active levels of sunitinib 
in retina/RPE-choroid for 6 months following a single intravitreal 
(IVT) injection. SM is an FDA-approved, anti-cancer drug. A new 
formulation of GB-102 that releases SM continuously for at least 
220 days in vitro has been characterized for drug loading, particle 
size and in vitro release kinetics. Drug-containing (1 mg SM) or 
placebo (drug-free) MPs were injected (0.05 mL) into the vitreous 
of pigmented rabbits using a 27G needle. Slit-lamp and fundus 
examinations were performed 10 days after dosing and monthly 
thereafter for up to 8 months. Ocular and plasma levels of sunitinib 
were assessed for the first 6 months of this ongoing 9-month study.
Results: Similar to the original GB-102 MP formulation, the new 
MP formulation coalesced in the inferior vitreous into a depot that 
remained outside the visual axis. There were no clinically significant, 
test article-related findings for the first 8 months post-dose. Sunitinib 
levels in retina/RPE-choroid were 100- to 10,000-fold higher than 
its receptor Ki at 3- and 6-months post-dose, whereas systemic levels 
remained at least 10-fold below its Ki.
Conclusions: Results to date indicate that IVT injection of the 
new GB-102 formulation is well-tolerated and able to maintain 
pharmacologically active levels in retina/RPE-choroid for at least 
6-months post-dose. The original GB-102 formulation releases drug 
for 2-3 months and is able to maintain active levels of sunitinib 
in retina/RPE-choroid for 5-6 months after one injection. The 
additional 3-4 months’ exposure is likely due to reversible melanin-
binding properties of sunitinib. Thus a single IVT injection of the 
new GB-102 MP may be able to retain active drug levels in retina/
RPE-choroid up to 12 months and potentially enable once-per-year 
treatment for neovascular age-related macular degeneration.
Commercial Relationships: Ming Yang, Graybug Vision, Inc. (E); 
Ward Peterson, Graybug Vision, Inc. (E); Yun Yu, Graybug Vision, 
Inc. (E); Joshua Kays, Graybug Vision, Inc. (E); Delia Cardona, 
Graybug Vision, Inc. (E); David Culp, Powered Research, LLC (E); 
Brian C. Gilger, Powered Research, LLC (C); David McKenzie, 
Graybug Vision, Inc. (E); Abraham Anonuevo, Graybug Vision, Inc. 
(E); Bryan Hoang, Graybug Vision, Inc. (E); Connie Yu, Graybug 
Vision, Inc. (E); Jeffrey Cleland, Graybug Vision, Inc. (E)

Program Number: 4116 Poster Board Number: B0116
Presentation Time: 8:30 AM–10:15 AM
Sorbitan ester nanoparticles (SENS) as topical ocular 
cyclosporine delivery systems
Jesus Alvarez-Trabado1, 2, Antonio López-García1, 3, 
Alejandro Sánchez2, Yolanda Diebold1, 3. 1Ocular Surface Group-
IOBA, University of Valladolid, Valladolid, Spain; 2Department of 
Pharmacy and Pharmaceutical Technology, University of Santiago 
de Compostela, Santiago de Compostela, Spain; 3CIBER-BBN 
(Biomedical Research Networking Center on Bioengineering, 
Biomaterials and Nanomedicine), Valladolid, Spain.
Purpose: Cyclosporine-loaded sorbitan ester nanoparticles (SENS) 
were developed as a topical ocular delivery system. Our aim was to 
optimize the formulation by response surface methodology and to 
in vitro analyze its biocompatibility and cell uptake mechanisms in 
corneal epithelial cells.
Methods: Formulations of cyclosporine-loaded sorbitan ester 
nanoparticles (SENS) were prepared according the experimental 
matrix generated by a 3-factor, 3-level Box-Behnken statistical 
design. Particle size, zeta potential, encapsulation efficiency, and 
final drug loading were the dependent variables to optimize. The 
ratio of the nanoparticle components (Sorbitan monooleate (span 80), 

vitamin E TPGS, CTAB) and the cyclosporine were the independent 
variables under study. According to the statistical design outcomes, 
a cationic optimized formulation (SENS-O) was selected for further 
studies. Additionally, an anionic formulation was prepared by coating 
the SENS-O with hyaluronic acid (SENS-O-HA). Human corneal 
epithelial (HCE) cells were used to in vitro study the biocompatibility 
and cellular uptake of both nanosystems. The biocompatibility was 
evaluated using the XTT cytotoxicity test and the alamarBlue cell 
proliferation assay. Different cell uptake mechanisms were studied 
analyzing different internalization pathways.
Results: Both SENS-O and SENS-O-HA showed adequate 
physicochemical properties for topical ocular administration. 
Encapsulation efficiency and drug loading were 83.95% and 15.98%, 
respectively. In vitro studies with HCE cells revealed a good 
biocompatibility profile of both formulations, with cell viability 
percentage close to 80% up to 4 mg/mL of nanoparticles (equivalent 
to a final cyclosporine concentration of 0.1%). Both nanosystems 
were taken up by an active transport mechanism. The predominant 
internalization pathway was caveolin-dependent endocytosis; 
however, an additional CD44 HA receptor-dependent uptake 
mechanism for SENS-O-HA was identified.
Conclusions: We have successfully developed and optimized a 
novel type of patented SENS for topical ocular drug delivery. Taking 
into account the in vitro results, cyclosporine-loaded SENS can be 
considered as a safe and promising formulation for the management 
of inflammatory ocular surface diseases.
Commercial Relationships: Jesus Alvarez-Trabado, None; 
Antonio López-García, None; Alejandro Sánchez, None; 
Yolanda Diebold, None
Support: FEDER-CICYT grant (MAT2013-47501-C2-1-R) and 
FPI Scholarship Program (BES-2014-069437), Spanish Ministry of 
Economy and Competitiveness.

Program Number: 4117 Poster Board Number: B0117
Presentation Time: 8:30 AM–10:15 AM
A novel BAK free, room temperature stable, swollen micelle 
microemulsion formulation of latanoprost
Ajay Khopade1, Arindam Halder1, Malay Shah1, Vinod Burade2, 
Harry Ruan3, prashant pansare3, Dipali Desai4. 1Formulation R& 
D, Sun Pharma Advanced Research Company Ltd, Baroda, India; 
2Pharmcology, Sun PharmaAdvanced Research Co. Ltd, Vadodara, 
India; 3Toxicology, Sun Pharma Advanced Research Co. Ltd, 
Vadodara, India; 4Systems Biology, Sun Pharma Advanced Research 
Co. Ltd, Vadodara, India.
Purpose: Benzalkonium chloride (BAK) containing latanoprost 
formulation restricts its chronic usage owing to its ocular surface 
toxicity and cannot be stored at room temperature (RT) over 
shelf life. The developed proprietary technology, swollen micelle 
microemulsion (SMM) allows adequate latanoprost stability at RT 
without using BAK in the formulation.It minimizes any adverse 
preservative effect, providing an improved ocular surface tolerance.
Methods: Latanoprost-loaded SMM technology was developed 
and optimized for stability at RT, safety and efficacy. SMM system 
is a unique combination of oil and non-ionic surface active system. 
This was characterized in-vitro by measuring droplet size, zeta 
potential, optical clarity, long term stability and cytotoxicity tests 
in Statens Serum institut Rabbit Cornea (SIRC) cells. Exploratory 
In vivo studies were performed in New Zealand White rabbits and 
beagle dogs to compare the toxicity and efficacy profile at 30 μl 
dose (0.05% latanoprost). Ocular lesions in rabbits were evaluated 
with hand held ophthalmoscope (Alcon - Heine Mini 2000) while 
Intraocular pressure (IOP) in beagle dogs was measured using a 
pneumatonometer.
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Results: Latanoprost SMM was almost clear emulsion. The droplet 
size was less than 100nm and did not posses any charge. It was stable 
for 36 months at 25°C and 6 months at 40°C meeting ICH stability 
requirement of the formulation suggesting that it does not require 
refrigeration for storage or transport. Formulation was shown to be 
less toxic than the BAK-containing formulation in SIRC cells. In 
New Zealand white rabbits, improved tolerability is achieved under 
multiple-dose (10 times/day) administration up to 14 days on ocular 
surface against BAK control. Significant level of IOP reduction was 
obtained upon multiple dose instillations in beagle dogs over 10 days.
Conclusions: SMM system is a unique approach for the delivery 
of latanoprost to the ocular surface. Latanoprost SMM can be 
effectively stored in natural polyethylene bottle without loss of drug 
potency at 40°C. Absence of BAK resulted in improved ocular safety 
without loss of pharmaceutical activity. This new technology has 
been developed for the treatment of patients with glaucoma suffering 
from dry eye and can also be used for the efficient delivery of other 
prostaglandin analogues.
Commercial Relationships: Ajay Khopade, Sun Pharma Advanced 
Research Co. Ltd (E); Arindam Halder, Sun Pharma Advanced 
Research Co. Ltd (E); Malay Shah, Sun Pharma Advanced Research 
Co. Ltd (E); Vinod Burade, Sun Pharma Advanced Research Co. 
Ltd (E); Harry Ruan, Sun Pharma Advanced Research Co. Ltd (E); 
prashant pansare, Sun Pharma Advanced Research Co. Ltd. (E); 
Dipali Desai, Sun Pharma Advanced Research Co. Ltd (E)

Program Number: 4118 Poster Board Number: B0118
Presentation Time: 8:30 AM–10:15 AM
Prodrugs of carbonic anhydrase inhibitors to enable continuous 
delivery from a depot for up to 6 months after subconjunctival 
delivery
Bryan Hoang1, Christopher Crean2, Ming Yang1, 
Abraham Anonuevo1, Ward Peterson1, Jeffrey Cleland1. 1Graybug 
Vision Inc., Redwood City, CA; 2Chatham Biopharma Consulting 
LLC, Pittsboro, NC.
Purpose: Many compounds are not amenable to sustained delivery 
technologies due to their physicochemical properties. Prodrugs 
of carbonic anhydrase inhibitors (CAI) have been designed and 
incorporated in microparticles to provide a 6 month subconjunctival 
formulation.
Methods: A number of prodrugs containing brinzolamide and 
dorzolamide were designed and synthesized by conjugating a 
biodegradable polymer chain to the CAI. Physiochemical properties 
of the prodrugs were characterized in vitro, including solubility and 
degradation kinetics. The inhibitory potency of the prodrugs and their 
degradants against carbonic anhydrase was also measured in vitro 
using an enzymatic assay. Polymer microparticles encapsulating the 
prodrugs were developed and fully characterized in vitro, including 
particle size, drug loading and drug release. A pharmacokentic 
study was conducted to evaluate the clearance and the potential to 
degrade to native CAIs. Male rats were administered the prodrugs in 
a saline solution at 0.3 mg/kg IV dose, followed by blood and plasma 
collection at multiple time points over 72 hours. Samples were 
analyzed for the administered CAI prodrug, metabolites containing 
one monomer moiety, and the originally approved CAI by LC/MS.
Results: Prodrugs were shown to degrade in vitro at physiological 
pH and temperature. The polymer chain conjugated to the parent 
CAI molecules hydrolyzes and degrades into oligomers or monomer. 
The in vitro potency of the degradants against carbonic anhydrase 
increases as the length of the polymer chain decreases. After a single 
IV dose, the prodrugs were well tolerated. The in vivo degradation 
profile was similar to that of in vitro studies and the native CAI were 
not detected in either matrix at quantifiable concentrations above 

4 ng/mL. Both brinzolamide and dorzolamide degradants with one 
monomer unit still attached to the parent molecules were detected 
at the earliest time point evaluated (15 minutes) and exhibited a 
rapid decline in concentration through 2 hours followed by a more 
prolonged terminal phase of elimination through 24 hours. Polymer 
microparticles encapsulating the prodrugs were shown to be able to 
release the payload in a sustained manner for up to 6 months in vitro.
Conclusions: This approach may lead to a new long-term and 
effective treatment forocular hypertension through only one to two 
periocular injections per year.
Commercial Relationships: Bryan Hoang, GrayBug Vision Inc (E), 
GrayBug Vision Inc (P); Christopher Crean, GrayBug Vision Inc 
(C), Chatham Biopharma Consulting LLC (E); Ming Yang, GrayBug 
Vision Inc (E), GrayBug Vision Inc (P); Abraham Anonuevo, 
GrayBug Vision Inc (E); Ward Peterson, GrayBug Vision Inc (E); 
Jeffrey Cleland, GrayBug Vision Inc (S), GrayBug Vision Inc (E), 
GrayBug Vision Inc (P), GrayBug Vision Inc (I)
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Presentation Time: 8:30 AM–10:15 AM
Carboxymethylated Hyaluronic acid (CMHA-S)-based Ocular 
Delivery of Antibiotics
Hee-Kyoung Lee1, 2, Shirley Luo1, 2, Barbara M. Wirostko1, 
Brenda Mann1. 1EyeGate Pharma, Salt Lake City, UT; 2University of 
Utah, Salt Lake City, UT.
Purpose: Corneal ulcers, an ocular emergency and a leading cause of 
blindness globally, require compounded off label topical antibiotics, 
often at an inconvenient hourly round-the-clock multiple day 
administration. A topical CMHA-S biodegradable film that delivers 
small molecules in sustained-released formulation to overcome this 
challenge has been developed. Using Besifloxacin as a target drug, in 
vitro feasibility of the novel film product was assessed
Methods: Films were fabricated in silicone-based molds using 
CMHA-S and poly(ethyleneglycol) diacrylate (PEGDA) as a cross-
linker. Various amounts of Besifloxacin-HCl (150, 300, 750, and 
1500 μg) were formulated into the polymer solution prior to cross-
linking. Polymerized CMHA-S gels were dried at room temperature 
overnight to create thin films. Drug release in phosphate buffered 
saline (PBS) was monitored by UV absorption. Released drug was 
calculated from the Besifloxacin standard solution. Besifloxacin-
loaded films were sterilized using ethylene oxide (EtO). The efficacy 
against both S. aureus and P. aeruginosa was tested by Zone of 
Inhibition (ZOI).
Results: Besifloxacin was released until 56 days (11, 16, 56, and 56 
days for 150, 300, 750, and 1500 μg-loaded films, respectively). The 
monitoring was stopped when the daily released amount reached 1 
μg. For all 4 films, the released amount at day 7 was greater than 10 
μg, which was efficacious in ZOI studies against both S. aureus and 
P. aeruginosa. Efficacy was similar for both pre- and post-sterilized 
films.
Conclusions: Besifloxacin-containing CMHA-S films yielded 
reproducible in vitro release for up to 56 days. This film can 
ultimately be a commercially viable product to meet the medical 
needs of a single-application ocular antibiotic to avoid hourly dosing. 
Furthermore, this system can be expanded to deliver other molecules 
to treat additional ocular pathologies.
Commercial Relationships: Hee-Kyoung Lee, EyeGate Pharma 
(F), EyeGate Pharma (R), EyeGate Pharma (E); Shirley Luo, 
EyeGate Pharma (F), EyeGate Pharma (R); Barbara M. Wirostko, 
EyeGate Pharma (P), EyeGate Pharma (F), EyeGate Pharma (R), 
EyeGate Pharma (E); Brenda Mann, EyeGate Pharma (F), EyeGate 
Pharma (E)
Support: NSF SBIR Phase 2 (Award # 1430921).
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Program Number: 4120 Poster Board Number: B0120
Presentation Time: 8:30 AM–10:15 AM
The Effect of Polyvinyl Pyrollidone (PVP) on Gellan and Calcium 
Gluconate (CaG) Solution Ocular Gel Forming Properties
Kenneth W. Reed, Nathaniel Berger, Mary Medley. Pharmaceutical 
Sciences, Belmont University, Nashville, TN.
Purpose: This study focuses on the optimization of in situ gel 
forming properties of gellan and CaG solutions both with and without 
PVP. Additionally, it is of interest to investigate how tryptophan 
(acting as a model drug) affects the properties of these systems.
Methods: Aqueous formulations of gellan, CaG, PVP, and 
Trypotophan were prepared at varying concentrations and were 
measured (after high shear) at 23C for viscosity expressed as RT K’’. 
Each formulation was mixed with simulated tear fluid (5:1) and the 
viscosity measured at 34C to give the ET K’ value. The independent 
variables (RT K” and ET K’) and the predictor variables of gellan, 
CaG, and PVP concentrations were mathematically modeled using 
multi-variate, nonlinear regression analysis. Linear regression was 
performed for ET K’ values versus RT K”. The highest allowable RT 
K’’ value of 5.0 PaS (dispensable from ophthalmic packaging) was 
used with fit equations to calculate the highest obtainable viscosities 
(ET K’) of gel forming solutions. The nonparametric Wilcoxon 
Matched-Pairs Signed-Ranks test was used to compare viscosity data 
for matched formulations with and without PVP.
Results: The calculated highest obtainable ET K’ value (PaS) for 
those sample preparations with no PVP and with a RT K’’ of ≤5.0 
were 8.54 (nonlinear regression model) and 8.57 (linear regression 
model). The calculated highest obtainable ET K’ value for those 
sample preparations with PVP and with a RT K’’ of ≤5.0 were 15.78 
(nonlinear regression model) and 9.59 (linear regression model). 
The calculated highest obtainable ET K’ value for those sample 
preparations with PVP and Tryptophan and with a RT K’’ of ≤5.0 
was 10.52 using a linear regression model. Statistical analysis 
(p<0.05) of matched pairs indicates that Gellan + CaG preparations 
with PVP demonstrated higher RT K” values and ET K’ values than 
corresponding preparations without PVP.
Conclusions: The data indicates that the addition of PVP to 
ophthalmic gellan/Ca Gluconate preparations increases the gel 
forming properties of the formulations while still retaining the ability 
to be dispensed from an ophthalmic bottle. The use of the model drug 
tryptophan, at equal molar concentration to 0.5% Timolol, indicates 
that PVP may be used in aqueous gellan plus calcium gluconate 
solutions to slow drug release without a negative effect upon the gel 
forming properties of these systems.
Commercial Relationships: Kenneth W. Reed, Belmont University 
(P); Nathaniel Berger, None; Mary Medley, None

Program Number: 4121 Poster Board Number: B0121
Presentation Time: 8:30 AM–10:15 AM
Towards A DNA-Directed RNA Interference (ddRNAi) Therapy 
Delivered Intravitreally Using a Novel AAV Capsid to Treat 
Choroidal Neovascularization (CNV)
David Suhy1, Shih-chu Kao1, Melissa A. Kotterman2, Albert Doan1, 
Vanessa Ufombah-Strings1, Claudia Kloth1, Natalie Suhy1, 
Peter Roelvink1, David Kirn2, David Schaffer2. 1Benitec Biopharma, 
Hayward, CA; 24D Molecular Therapeutics, Emeryville, CA.
Purpose: Inappropriate expression of VEGF growth factors in ocular 
tissues is implicated in CNV and the development of age-related 
macular degeneration (AMD). We describe a ddRNAi therapeutic to 
silence VEGF-a, VEGF-b and PlGF using a single treatment, gene 
therapy approach. Because effective RNAi requires large numbers 
of cells to be transduced, therapeutic evolution of an AAV library 
in non-human primates (NHP) was applied to identify and select 

novel viral capsids showing broad transduction in retina following 
intravitreal injection.
Methods: The anti-VEGF-a, -VEGF-b and -PlGF shRNAs 
expressed from the recombinant AAV cassette were validated using 
ARPE19 and JEG3 cells. Therapeutic evolution was performed 
in NHPs to ensure that novel capsids, delivered via intravitreal 
injection, can traverse the inner limiting membrane, a dense tissue 
generally impermissive to passage of viral particles. Initial screening 
introduced a library of up to 108 unique AAV capsid variants into 
the vitreous. Capsids transducing retinal layers were recovered and 
used in subsequent rounds. Multiple rounds resulted in an enrichment 
of the pool into capsid variants with the desired properties. The 
tolerance and biodistribution of 2 novel capsid variants harboring a 
GFP cassette were tested following the intravitreal administration into 
NHPs. Fluorescence fundus imaging assessed the spatial distribution 
of transduction.
Results: The recombinant shRNA construct inhibited expression 
efficiently in a dose dependent manor at levels up to 95% as 
assessed by both protein and mRNA knockdown and inhibition 
was concomitant with shRNA expression levels. Completion of six 
rounds of screening has revealed several candidate AAV capsids that 
transduce deep retinal layers including the RPE and photoreceptors. 
Initial biodistribution data, collected thru Day 14 of an ongoing study, 
demonstrated that wildtype AAV2 transduced retina sparsely with 
very faint expression at the peri-optic nerve head. In contrast, even 
at early time points, one of the novel capsid variants already showed 
strong, discernible expression in perifovea, perivascular, optic nerve 
head region as well as broad distribution across large areas of the 
mid- and far-periphery of retina.
Conclusions: Collectively, these data provide compelling motivation 
for the continued development of a ddRNAi based therapeutic to treat 
AMD.
Commercial Relationships: David Suhy, Benitec Biopharma (E); 
Shih-chu Kao, Benitec Biopharma (E); Melissa A. Kotterman, 4D 
Molecular Therapeutics (E); Albert Doan, Benitec Biopharma (E); 
Vanessa Ufombah-Strings, Benitec Biopharma (E); Claudia Kloth, 
Benitec Biopharma (E); Natalie Suhy, Benitec Biopharma (E); 
Peter Roelvink, Benitec Biopharma (E); David Kirn, 4D Molecular 
Therapeutics (E); David Schaffer, 4D Molecular Therapeutics (E)

Program Number: 4122 Poster Board Number: B0122
Presentation Time: 8:30 AM–10:15 AM
Year 2 results for a phase 3 trial of voretigene neparvovec in 
biallelic RPE65-mediated inherited retinal disease
Stephen R. Russell1, Jean Bennett2, Jennifer A. Wellman3, 
Daniel C. Chung3, Katherine A. High3, Zi-Fan Yu4, Amy Tillman4, 
Albert M. Maguire2. 1Ophthalmology, Univ of Iowa Hospitals & 
Clinics, Iowa City, IA; 2Perelman School of Medicine, University of 
Pennsylvania, Philadelphia, PA; 3Spark Therapeutics, Philadelphia, 
PA; 4Statistics Collaborative, Inc., Washington, DC.
Purpose: At year 1, subjects with biallelic RPE65-mediated inherited 
retinal disease (IRD) receiving voretigene neparvovec (VN) in a 
phase 3 gene therapy trial showed improved ambulatory navigation, 
light sensitivity, and visual field. We report year 2 results for the 
original intervention group (OI) as well as year 1 results for the 
original control group who received delayed intervention (DI).
Methods: Twenty-nine subjects with biallelic RPE65 gene mutations 
received bilateral, subretinal injections of VN. At Baseline, subjects 
were randomized 2:1, stratified for age and multi-luminance mobility 
test (MLMT) performance, and enrolled to an intervention or control 
group; after 1 year, the control group received VN. Endpoints 
included change in performance on MLMT at 7 standardized 
illumination levels, full-field light threshold sensitivity (FST), visual 
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acuity (VA), Goldmann kinetic visual field (GVF), and Humphrey 
static visual field (HVF).
Results: MLMT mean (SD) bilateral change score was 1.9 levels 
(1.1) for OI subjects (n=20) at 2 years and 2.1 (1.6) for DI subjects 
(n=9) at 1 year, with 89% of DI subjects able to pass MLMT at the 
lowest light level. Change in white light FST averaged over both 
eyes was -2.27 log10 (cd.s/m2) (1.65) at 2 years for OI subjects and 
-2.86 (1.49) at 1 year for DI subjects, nearly a 180% increase in 
light sensitivity for DI subjects. A trend toward improved Holladay 
VA averaged over both eyes was seen, with a 7.8-letter gain (-0.16 
logMAR, SD 0.36) at 2 years for OI subjects and a 4.5-letter gain 
(-0.09 logMAR, SD 0.22) at 1 year for DI subjects. Mean change in 
sum total degrees on GVF III4e averaged over both eyes was 311.6 
(SD 295.3) for OI subjects at 2 years and 194.3 (SD 244.7) for DI 
subjects at 1 year. Change in HVF macula threshold averaged over 
both eyes was a 6.45 db (SD 7.35) gain for OI subjects at 2 years and 
a 5.23 db (SD 9.92) gain for DI subjects at 1 year (Fig. 1).
Conclusions: Improvement in MLMT, FST, and visual field in DI 
subjects confirms the statistically significant 1-year results in OI 
subjects. Furthermore, improvement was maintained at 2 years in 
OI subjects. VN gene replacement improved ambulatory navigation, 
light sensitivity, and visual field size in subjects with biallelic RPE65-
mediated IRD.

Commercial Relationships: Stephen R. Russell, Spark 
Therapeutics (F), Spark Therapeutics (C); Jean Bennett, Spark 
Therapeutics (F); Jennifer A. Wellman, Spark Therapeutics (E), 
Spark Therapeutics (I); Daniel C. Chung, Spark Therapeutics (E), 
Spark Therapeutics (I); Katherine A. High, Spark Therapeutics (E), 
Spark Therapeutics (I); Zi-Fan Yu, Statistics Collaborative, Inc. (E); 
Amy Tillman, Statistics Collaborative, Inc. (E); Albert M. Maguire, 
Spark Therapeutics (F)
Support: This study was sponsored by Spark Therapeutics.
Clinical Trial: NCT00999609


