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Room 301  Paper Session
Program #/Board # Range: 2966–2971
Organizing Section: Physiology/Pharmacology

Program Number: 2966
Presentation Time: 11:00 AM–11:15 AM
Verteporfin-induced formation of protein oligomers is mediated 
by light and leads to cell toxicity
Eleni Konstantinou1, Shoji Notomi1, Katarzyna Brodowska1, 
Ahmad Moujahed1, Fotini Nicolaou2, Pavlina Tsoka1, 
Evangelos S. Gragoudas1, Joan W. Miller1, Lucy Young1, 
Demetrios G. Vavvas1. 1Ophthalmology, Massachusetts Eye and 
Ear Infrmary, Boston, MA; 2Pediatric Surgery Laboratories, 
Massachusetts General Hospital, Boston, MA.
Purpose: Verteporfin (VP) is a photosensitizer with clinical uses, 
most notably in Photodynamic therapy (PDT) for neovascular AMD. 
Recently non-photo-activated effects of VP have been proposed, 
including inhibition of HIPPO pathway (Genes Dev 26, 1300-1305 
2012, and Exp Eye Res 124, 67-73 2014) and induction of oligomers 
and high molecular weight complexes (HMWC) of proteins, 
especially ones with PB1 domain. (PLoS One 9, 2014 e114964 
and J. Biol Chem 286, 7290-7300 2011.) Given the highly reactive 
nature of VP we wanted to further investigate some of the proposed 
mechanisms of non-light activated VP effects and to determine if 
some of these observed effects could be an artifact of incomplete 
shielding from light, such as light present in the experiments after cell 
lysis.
Methods: Incubation with low dose VP (1.25 μg/mL) or high dose 
VP (7.5 μg/mL) for 6 hours compared to no incubation, was carried 
out using three different cell lines (human uveal melanoma cells 
MEL 270, human breast cancer cells MCF7 and human embryonic 
kidney cells HEK), with four different combinations of darkness and 
light exposure: (i. light during both treatment and lysis, ii. darkness 
during treatment but light during lysis, iii. light during treatment 
but darkness during lysis and iv. darkness during both treatment and 
lysis.). In separate experiments, cell lysates never previously exposed 
to VP were spiked with doses of VP and incubated in dark or ambient 
light at room temperature. Formation of HMWC of p62, Diap1 and 
Rock1, YAP1, p-YAP and TEF1 were analyzed with Western blotting. 
Cell viability and toxicity were measured by means of MTT.
Results: Our study demonstrates that VP-induced HMWC formation 
requires light and is therefore not light-independent as previously 
suggested, and can take place after cell lysis. This oligomer formation 
was not restricted to PB1 domain-containing proteins but also occurs 
with proteins lacking the domain, and proteins with WW-containing 
domain. Both cancerous and non-cancerous cells were growth 
inhibited by VP exposure when not shielded from ambient light.
Conclusions: Our study suggests that VP-induced HMWC formation 
is a light-dependent event. These effects of ambient light-activated 
VP further strengthen the clinical recommendation of avoiding 
exposure to ambient light of healthy tissue after VP PDT treatment.
Commercial Relationships: Eleni Konstantinou, None; 
Shoji Notomi, None; Katarzyna Brodowska, None; 
Ahmad Moujahed, None; Fotini Nicolaou, None; Pavlina Tsoka, 
None; Evangelos S. Gragoudas, None; Joan W. Miller, None; 
Lucy Young, None; Demetrios G. Vavvas, None

Program Number: 2967
Presentation Time: 11:15 AM–11:30 AM
Prospective, randomized, subject-masked evaluation of 
intravitreal Sirolimus vs. anti-VEGF in chronic neovascular 
AMD with persistent retinal fluid: 1-year follow-up
Peter Bracha1, Jay Chhablani3, Ashley Harless2, Sunila Dumpala3, 
Raj Maturi2, 1. 1Ophthalmology, Indiana University, Indianapolis, 
IN; 2Ophthalmology, Midwest Eye Institute, Indianapolis, IN; 3L V 
Prasad Eye Institute, Smt. Kanuri Santhamma Retina Vitreous Centre, 
Hyderabad, India.
Purpose: 
To evaluate the safety and effectiveness of intravitreal Sirolimus in 
chronic and persistent exudative age-related macular degeneration 
(AMD).
Methods: In this prospective, subject-masked study, patients were 
randomized to monthly anti-vascular endothelial growth factor (anti-
VEGF) treatment or to intravitreal Sirolimus (440 μg) at months 0, 2 
and 4. Safety and effectiveness outcomes were measured monthly up 
to month six, with an extension to one year for patients who remained 
in the study. The primary outcome was the change in central subfield 
thickness and the secondary outcomes were the change in total 
subretinal fluid, total intraretinal fluid, choroidal neovascularization 
volume and visual acuity.
Results: The CST increased by 7.5 μm in the anti-VEGF group and 
decreased by 30.0 μm in the Sirolimus group at month six (p<0.05). 
On subgroup analysis for patients receiving Sirolimus, a trend 
towards greater reduction in the CST was found in patients with 
fewer prior injections, longer duration of disease and greater initial 
CST. The presence of IRF at baseline did not affect CST outcomes. 
In addition to the central subfield thickness, a statistically significant 
decrease in total subretinal fluid occurred in the Sirolimus group.
At six months, the number of patients who gained 5 or more Early 
Treatment of Diabetic Retinopathy Study (ETDRS) letters was 9 in 
each group (p=0.91). The number of patients who gained or lost less 
than 5 ETDRS letters was 11 in the anti-VEGF group and 7 in the 
Sirolimus group (p=0.40). The difference in the number of serious 
systemic or ocular adverse events between the two groups was not 
statistically different.
Conclusions: This study demonstrates Sirolimus as a promising 
new therapy for chronic and persistent exudative AMD. Sirolimus 
decreased the central subfield thickness and subretinal fluid more 
effectively than anti-VEGF agents and had a similar safety profile.
Commercial Relationships: Peter Bracha, None; Jay Chhablani, 
None; Ashley Harless, None; Sunila Dumpala, None; Raj Maturi, 
Santen (F), Allegro (F), Graybug Vision (C), GlaxoSmithKline (F), 
Genentech (F), Allergan (C)
Support: Supported by an investigator initiated grant from Santen
Clinical Trial: NCT02357342

Program Number: 2968
Presentation Time: 11:30 AM–11:45 AM
Characterization and function of a soluble VEGF receptor 2 
protein
Xinyuan Zhang. Beijing TongRen Hospital, Beijing, China.
Purpose: To clone and express a truncated, soluble vascular 
endothelial growth factor receptor 2 (sVEGFR2) possessing the 
combined-functional domains 1–3 and 5 in eukaryotic cells and 
to test the inhibitory effects of full length VEGFR2 and further to 
evaluate in vivo.
Methods: HEK293 cells were purchased from the Cancer Institute 
of the Chinese Academy of Medical Sciences Cell Bank. The E. coli 
DH5α strain was from our laboratory. The plasmid pCMV6-rVegfr2 
was constructed according to the nucleotide sequence published in 
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GenBank (GenBank accession number NM_013062.1). pCMV6-
rVegfr2 was truncated with the restriction endonuclease EcoRVT. 
Transient transfection and expression were performed according to 
the standard protocol. ELISA was applied as previously described.
Results: pCMV6-trunctated-rVegfr2 (6100 bp) was successfully 
cloned. The transfection experiments showed that eitherpCMV6-
truncated-rat-Vegfr2 (pCMV6-truncated-rVegfr2) or pCMV6-rVegfr2 
inhibited the expression of intracellular green fluorescent protein.  
An analysis of the transfected cells revealed that the amount of  
full-length VEGFR2 protein in the pCMV6-truncated-rVegfr2 
transfected cells was 20% lower than that in the negative control 
(non-transfected HEK 293 cells). The differences in test results 
between the transfected and negative control groups were greatest 
from 24–30 h after transfection. The sVEGFR2 protein content was 
found to increase by approximately 26% in the transfected cells 
compared to that in the negative control cells (68.2% ± 1.7% vs. 
41.9% ± 2.9%, P = 0.000) and by 18% compared to the negative 
control cells (68.2% ± 1.7% vs. 50.0% ± 0.5%, P = 0.003). Propidium 
iodide and Hoechst staining indicated no significant change in the 
number of HEK293 cells undergoing apoptosis 6 days after  
pCMV6-trucated-Vegfr2 transfection, compared to the negative 
control. Soluble VEGFR2 produced by pCMV6-truncated-rVegfr2 
inhibited full-length VEGFR2 protein expression in the cell 
membrane.
Conclusions: The use of transient transfection technology greatly 
improved transfect efficiency. Recombinant sVEGFR2 inhibited the 
effect of endogenous full-length VEGFR2 but was not cytotoxic.
Commercial Relationships: Xinyuan Zhang
Support: None

Program Number: 2969
Presentation Time: 11:45 AM–12:00 PM
QRX-421, an Antisense Oligonucleotide (AON) Targeting 
Mutations in Exon 13 of USH2A, Associated with Retinitis 
Pigmentosa in Usher Syndrome Type 2, is Effective in Skipping 
Exon 13 in the USH2A mRNA of Patients Fibroblasts and 
Patient-Derived Optic Cups
Peter Adamson1, 2, Heelam Chan1, Janne Turunen1, Jiayi Miao1, 
Erik de Vrieze3, Margo Dona3, Silvia Albert4, Erwin van Wijk3, 
Hester van Diepen1. 1ProQR Therapeutics, Leiden, Netherlands; 
2Institute of Ophthalmology, UCL, London, United Kingdom; 
3Otorhinolaryngology, Radboudumc, Nijmegen, Netherlands; 
4Human Genetics, Radboudumc, Nijmegen, Netherlands.
Purpose: The c.2299delG mutation in the USH2A gene is the 
most common mutation causing Usher syndrome when present 
in homozygosity or compound heterozygosity. Patients carrying 
this mutation suffer from inherited deafness and progressive loss 
of vision. The c.2299delG mutation is present in exon 13 of the 
USH2A gene and results in premature termination of translation and 
the absence of a functional Usherin protein. QRX-421 is a single 
stranded fully phosphorothioated and 2'-O-methyl modified antisense 
oligonucleotide designed to skip exon 13, including the c.2299delG 
mutation, leading to a truncated in-frame mRNA and functional 
Usherin protein.
Methods: Fibroblasts of a homozygous USH2A patient carrying 
the c.2299delG mutation in the USH2A gene were transfected with 
QRX-421 and mRNA levels were assessed. Patient-derived optic cup 
organoids were cultured and treated with QRX-421 for one month 
and mRNA levels assessed. A mutant zebrafish was developed as a 
model to assess functional protein restoration. Mutant zebrafish were 
injected with exon 13 targeting AONs, and mRNA profile, protein 
levels and ERG activity determined.

Results: QRX-421 treatment of patient fibroblasts and patient-
derived optic cups resulted in exon 13 skip in the mRNA transcript 
profile of USH2A. AON injection in mutant zebrafish showed Usherin 
protein restoration in the outer nuclear layer of the retina. Mutant 
zebrafish showed reduced levels of ERG activity which were restored 
following AON treatment.
Conclusions: QRX-421 demonstrated an ability to skip exon 13 in 
the mRNA of the USH2A gene in patient fibroblasts and  
patient-derived optic cups, presumably leading to the formation of a 
slightly shortened, but functional Usherin protein.
Commercial Relationships: Peter Adamson, ProQR Therapeutics 
(E); Heelam Chan, ProQR Therapeutics (E); Janne Turunen, 
ProQR Therapeutics (E); Jiayi Miao, ProQR Therapeutics (E); 
Erik de Vrieze, ProQR Therapeutics (F); Margo Dona, ProQR 
Therapeutics (F); Silvia Albert, ProQR Therapeutics (F); Erwin van 
Wijk, ProQR Therapeutics (P); Hester van Diepen, ProQR 
Therapeutics (E)

Program Number: 2970
Presentation Time: 12:00 PM–12:15 PM
Rational tuning of visual cycle modulator pharmacodynamics
Philip Kiser1, 2, Jianye Zhang1, Mohsen Badiee3, Gregory Tochtrop3, 
Krzysztof Palczewski1. 1Pharmacology, Case Western Reserve 
University, Pepper Pike, OH; 2Research Service, Louis Stokes 
Cleveland VA Medical Center, Cleveland, OH; 3Chemistry, CASE 
WESTERN RESERVE UNIVERSITY, Cleveland, OH.
Purpose: Modulators of the visual cycle have been developed for 
treatment of various retinal disorders. These agents were designed to 
inhibit retinoid isomerase RPE65 based on the idea that attenuation 
of visual pigment regeneration could reduce formation of toxic 
retinal conjugates. Recently, it was discovered that these agents 
reversibly form retinal-Schiff base adducts through their primary 
amine moieties, which also contributes to their retinal protective 
activity. Inhibition of RPE65 as a therapeutic strategy is complicated 
by adverse effects resulting from slowed chromophore regeneration 
whereas effective retinal sequestration can require high doses of drug 
with potential off-target effects. Here, we employed a structure-based 
approach to design retinal-sequestering visual cycle modulators with 
varying degrees of direct retinoid isomerase inhibitory activity.
Methods: RPE65-emixustat/MB-001 crystal structures were used 
to design primary amine compounds with varying degrees of 
complementarity to the RPE65 active site. These compounds were 
synthesized and tested for visual cycle inhibitory activity. In vivo 
formation of retinal Schiff-base adducts was studied using mass 
spectrometry. Efficacy in protecting the retina from light damage in 
Abca4-/-/Rdh8-/- mice was evaluated by OCT. Binding of compounds 
to the RPE65 active site cavity was studied by x-ray crystallography.
Results: Appropriate substitutions to the emixustat core structure 
resulted in a series of compounds effectively lacking in vitro 
retinoid isomerase inhibitory activity, whereas substitutions of the 
cyclohexyl tail potentiated RPE65 inhibition. Crystal structures of 
the latter group of compounds in complex with RPE65 confirmed 
the mechanism of enhanced inhibition. The non-inhibitory derivative 
series produced discernible visual cycle suppression in vivo, albeit 
much less potently than emixustat. These agents maintained the 
capability to distribute into the retina and form Schiff base adducts. 
Most of the compounds conferred protection against retinal 
phototoxicity, suggesting that both direct RPE65 inhibition and 
retinal sequestration are both of therapeutic relevance.
Conclusions: These data support the idea that visual cycle 
suppression is not essential for the retinal protective effects of 
primary amine retinoid-mimetic compounds, a finding that has 
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important implications for the use of visual cycle modulators in the 
treatment of retinal diseases.
Commercial Relationships: Philip Kiser, None; Jianye Zhang, 
None; Mohsen Badiee, None; Gregory Tochtrop, None; 
Krzysztof Palczewski, None
Support: IK2BX002683 (Dept of Veterans Affairs), R01EY009339 
(National Eye Institute)

Program Number: 2971
Presentation Time: 12:15 PM–12:30 PM
Sustained Intravitreal Delivery of Small and Large Molecules 
with Injectable Hydrogels
Mark Tibbitt1, Andrew Auerbach1, Ashwath Jayagopal2, 
Robert Langer1. 1Koch Institute, Massachusetts Institute of 
Technology, Cambridge, MA; 2Pharma Research and Early 
Development, Ophthalmology Discovery and Biomarkers, Roche 
Innovation Center Basel, F. Hoffman-La Roche Ltd, Basel, 
Switzerland.
Purpose: Approaches for the controlled release of therapeutics 
inhibiting neovascularization are needed to improve the clinical 
management of age-related macular degeneration (AMD). Currently, 
AMD is managed by monthly intravitreal injections of solutions 
of anti-angiogenesis biotherapeutics, creating a significant burden 
on both patient and clinician. The goal of this study was to develop 
a new platform for sustained release of small molecule drugs and 
biotherapeutics over the course of 6 months following intravitreal 
injection for the treatment of AMD.
Methods: Polymer-nanoparticle (PNP) hydrogels were engineered 
for facile intravitreal injection through narrow gauge needles owing 
to the high-degree of shear-thinning observed in these materials. 

The PNP gels were designed to form a drug delivery depot in the 
vitreous on account of the rapid self-healing following injection. 
Small molecule drugs were encapsulated into the nanoparticles using 
nanoprecipitation prior to PNP hydrogel fabrication. Additionally, 
biotherapeutics (e.g., model IgG and Fab antibodies) were entrapped 
within the aqueous phase of the PNP hydrogels upon gel fabrication. 
The PNP hydrogels were engineered to release both classes of drugs 
over the course of 6 months, with independently tunable release rates. 
Drug loading and release was measured in vitro and in vivo with 
HPLC, electro-retinography, and confocal imaging of tissue sections. 
PNP hydrogel stability, ocular tolerability via histopathology, toxicity, 
and drug release were evaluated in tissue culture and animal models 
(rat and rabbit).
Results: PNP gels comprised an intravitreal drug delivery depot 
following administration through narrow gauge needles allowing 
for tunable sustained delivery of both small molecules and 
biotherapeutics in vitro and in vivo. Moreover, the delivery depots 
demonstrated in vivo tolerability as assessed by histopathology.
Conclusions: Drug-loaded PNP hydrogels provide a promising 
platform for the management of AMD via intravitreal depots 
that sustain release for months to a year. On account of their 
biocompatibility and controlled release of therapeutics, PNP 
hydrogels can be used for mitigating the burden of monthly 
intravitreal injections in the management of AMD, improving 
adherence and clinical outcome.
Commercial Relationships: Mark Tibbitt, None; 
Andrew Auerbach, None; Ashwath Jayagopal,  
F. Hoffmann-La Roche Ltd (E); Robert Langer, None


