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Program Number: 212 Poster Board Number: B0243
Presentation Time: 8:30 AM–10:15 AM
Activation of Sigma-1 Receptor Protects Retinal Ganglion Cell 
Loss in Optic Nerve Crush Model for Glaucoma
Dorette Z. Ellis1, 2, Linya Li1, Shaoqing He2, Yang Liu2, 
Thomas Yorio2. 1UNT System College of Pharmacy, Fort Worth, TX; 
2NTERI, UNTHSC, Fort Worth, TX.
Purpose: Recent studies in sigma-1 receptors (σ-1r) deficient (k/o) 
mice demonstrated increased losses of retinal ganglion cells (RGCs) 
in oxidative stress and optic nerve crush mice models (ONC). This 
study determines the neuroprotective role of the σ-1r in ONC model.
Methods: ONC was performed in σ-1r k/o mice and wild type mice. 
Briefly, the left optic nerve (ON) was exposed intraorbitally through 
a small window made between the surrounding muscles. The ON 
was crushed approximately 1mm behind the globe with self-closing 
forceps for 4 seconds under visualization. The contralateral eye was 
used as controls for ONC and σ-1r k/o mice served as controls for 
off receptor action. The σ-1r was activated by the intraperitoneal 
injection with pentazocine (PTZ; 0.5 mg/kg) 3x weekly for the 
duration of the experiments. Additionally, two weeks prior to ONC, 
mice were intravitreally injected with AAV2-CAg-σ-1r-GFP vector 
and expression of σ-1r was assessed; AAV2 empty vector served as 
controls. RGC activity was measured using pattern electroretinogram 
(pERG). Termination experiments included counting RGCs in 
experimental animals to determine neuroprotective activities of the 
σ-1r.
Results: RGC death was decreased in wild-type mice treated with 
PTZ when compared with σ-1r k/o or untreated animals. σ-1r k/o 
ONC mice injected with AAV2-CAg-σ-1r-GFP vector demonstrated 
significant increases in RGCs numbers and activity when compared 
with σ-1r k/o ONC mice injected with empty vector or non-injected 
σ-1r k/o ONC animals.
Conclusions: Our studies indicate that expression or activation of 
σ-1rs provides neuroprotection of RGCs.
Commercial Relationships: Dorette Z. Ellis, None; Linya Li, 
None; Shaoqing He, None; Yang Liu, None; Thomas Yorio, None
Support: UNTHSC Funds

Program Number: 213 Poster Board Number: B0244
Presentation Time: 8:30 AM–10:15 AM
Heteromeric MT1/MT2 Melatonin Receptors Signal Via PKC-ζ  
in Mouse Photoreceptors
Gianluca Tosini1, ilaria Piano2, 1, Glaudia Gargini2, Kenkichi Baba1. 
1Pharmacology, Morehouse School of Medicine, Atlanta, GA; 
2Farmacia, Universita di Pisa, Pisa, Italy.
Purpose: Melatonin plays an important role in the modulation of 
retinal function and previous studies have also shown that the action 
of melatonin on photoreceptor is mediated by melatonin receptors 
heterodimers. Furthermore, it has been reported that the melatonin-
induced increase in the amplitude of a- and b-wave is significantly 
blunted by inhibition of PKC. Previous work has also shown that 
PKCζ is present in the photoreceptors, thus suggesting that PCKz 
may be involved in the modulation of melatonin signaling in the 
photoreceptors.
Methods: To determine the role PKC-ζ in the modulation of the 
melatonin effect on the scotopic ERG mice were injected with 
melatonin and with specific inhibitors of different PKC isoforms. 

PKCζ knock-out (KO) mice were also used in this study. PKCζ 
activation in the photoreceptors following melatonin injection was 
also investigated with immunocytochemistry.
Results: Inhibition of PKCζ by PKCζ-pseudosubstrate inhibitor  
(20 μM) significantly reduced the melatonin-induced increase in the 
amplitude of the a- and b-wave (Two-way ANOVA, P < 0.01). To 
further investigate the role of different PKCs in the modulation of 
the ERGs we tested whether intra-vitreal injection of Enzastaurin (a 
potent inhibitor of PCKα, PKCβ, PKCγ and PKCε) has any effect on 
the melatonin-induced increase in the a- and b-wave of the scotopic 
ERGs. Enzastaurin (100 μM) did not prevent the melatonin-induced 
increase in the amplitude of the a-wave (Two-way ANOVA,  
P > 0.01) thus suggesting that PKCα, PCKβ, PKCγand PKCε may 
be not involved in this phenomenon. Finally our data indicated 
in mice lacking PKCζ melatonin injection failed to increase the 
amplitude of the a- and b-waves of the scotopic ERGs. An increase 
in PKCz phosphorylation in the photoreceptors was also observed by 
immunocytochemistry.
Conclusions: Our data indicate that MT1/MT2 signaling does indeed 
use PKCζ pathway to increase the amplitude of the a- and b-wave of 
the ERG. We are now investigating the effects of PKC-ζ removal on 
photoreceptor physiology.
Commercial Relationships: Gianluca Tosini; ilaria Piano, None; 
Glaudia Gargini, None; Kenkichi Baba, None
Support: GM116760 to K.B., EY022216 EY026291and EY020821 
to G.T.,

Program Number: 214 Poster Board Number: B0245
Presentation Time: 8:30 AM–10:15 AM
Increased levels of nitric oxide may pathologically affect 
functional hyperemia in the retina: model and simulation
Riccardo Sacco1, Aurelio G. Mauri1, Alessandra Cardani1, 
Brent A. Siesky3, Giovanna Guidoboni2, Alon Harris3. 1Mathematics, 
Politecnico di Milano, Italy, Milan, Italy; 2Mathematical Sciences, 
Indiana University - Purdue University Indianapolis, Indianapolis, 
IN; 3Ophthalmology, Indiana Univ Sch of Medicine, Indianapolis, IN.
Purpose: The role of nitric oxide (NO) in regulating neurovascular 
coupling (NVC) in the retina is still poorly understood. Experimental 
data of flicker light-induced functional hyperemia (FH) in humans 
(Newman et al (2013)) seem to indicate that increased NO levels 
mediated by 20- hydroxyeicosatetraeonic acid (20-HETE) reduce 
vasodilation. In this study we propose a multiphysics/multiscale 
mathematical model to theoretically investigate the effect of an 
increased level of neural NO (nNO) on the vasodilation of retinal 
arterioles.
Methods: Retinal vasculature is described by an equivalent electrical 
circuit (EEC) of resistive and capacitive compartments. NVC is 
described by the interaction between vasoactive agents synthesized 
by active neurons and astrocytes and smooth muscle cell contraction/
dilation. Model inputs are blood pressure at the central retinal artery 
and vein, intraocular pressure, nNO and glutamate (GLU) post-
synaptic levels. Kirchhoff current law is solved at each node of the 
circuit to determine the time evolution of nodal blood pressures and 
compartment diameters.
Results: Fig. 1 shows the simulated FH in humans for a GLU signal 
modeling a 20s flicker light stimulus. The y-axis is the % change in 
mean arterial diameter (MAD). Results indicate that FH is correctly 
represented only if both large and small arterioles (LA, SA) are 
assumed to be neurovascularly active (NVA). Fig. 2 shows the 
simulated effect on vasodilation due to a 60s stimulus of increased 
nNO level with respect to baseline (nNOb) added to GLU. Results 
indicate that elevated nNO may reduce vasodilation by a factor of 4.
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Conclusions: Model simulations suggest that NVC has a noticeable 
impact on FH in the retina and that a value of nNO above baseline 
may significantly reduce vasodilation. These findings suggest that 
increased NO levels may be responsible for suppressing flicker-
evoked vasodilation in diabetic retinopathy.

Fig. 1. Effect of NVA compartments on % change in MAD. Black 
circles: experimental data. Black line: simulation of a single LA. 
Blue line: simulation of EEC where only LAs are NVA. Red line: 
simulation of EEC where LAs and SAs are NVA.

Fig. 2. Effect of nNO levels on % change in MAD. Black circles: 
experimental data. Red line: simulation of EEC with nNO = nNOb. 
Blue line: simulation of EEC with nNO > nNOb.
Commercial Relationships: Riccardo Sacco, None; 
Aurelio G. Mauri, None; Alessandra Cardani, None; 
Brent A. Siesky, None; Giovanna Guidoboni, None; Alon Harris, 
Ono Pharmaceuticals (C), Oxymap (I), Nano Retina (C), AdOM 
(C), Biolight (C), Nano Retina (I), Science Based Health (C), Isarna 
Therapeutics (C), AdOM (I), Stemnion (C)
Support: Statement of work #4505462139: "Modeling of tunneling 
and charging dynamics". Contractors: Micron Semiconductor Italia 
S.r.l.; Dipartimento di Matematica Politecnico di Milano, Italy

Program Number: 215 Poster Board Number: B0246
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Phase 1 safety and tolerability assessment of ANX776 in DARC 
(Detection of Apoptosing Retinal Cells) Technology
M Francesca Cordeiro1, 2, Eduardo M. Normando1, 2,  
M. Jorge Cardoso3, Serge Miodragovic2, 4, Seham Jeylani2, 4, 
Benjamin Davis1, Li Guo1, Sebastien Ourselin3, roger A’Herne5, 
Philip A. Bloom4, 2. 1Glaucoma & Retinal Neurodegnrtn Res Grp, 
UCL Inst Ophthal & Western Eye Hsp London, London, United 
Kingdom; 2Imperial College London, ICORG, London, United 
Kingdom; 3Translational Imaging Group, Centre for Medical Image 
Computing, UCL, London, United Kingdom; 4Western Eye Hospital, 
London, United Kingdom; 581 Hillier Road Battersea, London, 
United Kingdom.
Purpose: We have previously demonstrated experimentally the use of 
a new fluorescent –labelled annexin 5 (ANX776) to detect apoptosing 
cells in the retina (DARC - Detection of Apoptosing Retinal Cells), 
and have investigated ANX776 in different experimental models of 
retinal neurodegeneratiom. Here we report the safety and tolerability 
of intravenous ANX776 in a Phase 1 study.
Methods: 8 healthy and 8 glaucoma subjects were treated in four 
ascending-dose cohorts (n=4 per cohort) in which participants 
were randomly assigned to receive a single intravenous injection of 
ANX776 (0.1, 0.2, 0.4 or 0.5 mg).
Results: ANX776 was found to demonstrate favourable safety, 
tolerability, and pharmacokinetic profiles at all doses tested.  
No serious adverse events (defined as Grade 3 or above by the 
CTCAE - common terminology criteria for adverse events), 
discontinuations as a result of adverse events, or dose-limiting 
toxicities were reported. Pharmacokinetics confirmed that ANX776 
had a short half-life inversely proportional to the dose administered, 
ranging from 10-36 minutes.
Conclusions: This study demonstrates that intravenous ANX776 is 
safe to use in humans. These findings support continued development 
of ANX776, including further characterization of its efficacy, 
safety, tolerability and pharmacodynamic effects in patients with 
neurodegenerative conditions
Commercial Relationships: M Francesca Cordeiro, UCL Business 
(P); Eduardo M. Normando, None; M. Jorge Cardoso, None; 
Serge Miodragovic, None; Seham Jeylani, None; Benjamin Davis, 
None; Li Guo, None; Sebastien Ourselin, None; roger A'Herne, 
None; Philip A. Bloom, None
Support: The Wellcome Trust WT099729
Clinical Trial: NCT02394613
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Repeated low- level blast exposure increases transient receptor 
potential vanilloid 1 (TRPV1) and endothelin-A (ET-A)  
co-expression
Elaine Por, Melody Sandoval, Chiquita Thomas-Benson, 
Teresa A. Burke, Brian Lund. Ocular Trauma, USAISR, San Antonio, 
TX.
Purpose: Blast injuries are generally categorized as primary to 
quaternary and can evoke a myriad of effects on multiple body 
systems. Importantly, ocular injuries are the fourth most common 
battlefield injury, constituting approximately 13% of all combat 
injuries. Despite extensive research focused on the effects of blast on 
neurosensory function, limited data are available on the effects on 
pain and inflammatory processes. Recent studies conducted in our 
laboratory have revealed increased expression of transient receptor 
potential vanilloid 1 (TRPV1) and endothelin-1 (ET-1), critical 
mediators involved in pain transmission, in rat corneas following 
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single and repeated low-level blast exposure. These data indicate that 
TRPV1 and ET-1 may contribute to the complex pathophysiology 
of blast-related injuries. The overall purpose of this study was 
to characterize the expression of both ET-1 receptor subtypes, 
endothelin-A (ET-A) and endothelin-B (ET-B), in blast-exposed 
ocular tissues.
Methods: A compressed air shock tube (Applied Research 
Associates, ARA) was used to deliver a single or repeated low-
level blast (68.0 ± 2.7 kPa) to anesthetized rats once or daily for 
five consecutive days, respectively. Immunohistochemistry analysis 
was performed on ocular tissues collected at the conclusion of the 
experiments to determine co-expression of TRPV1, ET-A or ET-B 
following single and repeated blast exposure.
Results: Increased expression of TRPV1 was observed in the rat 
cornea epithelial and stromal layers following exposure to both single 
and repeated low-level blast. Increased expression of ET-A was also 
detected in rat corneas as compared to control animals. Importantly, 
substantial co-expression of TRPV1 and ET-A was observed in 
rat corneas exposed to repeated low-level blast. Although modest 
increases in ET-B expression were observed following low-level blast 
exposure, these increases were unremarkable compared to ET-A.
Conclusions: Single and repeated low-level blast exposure resulted 
in increased co-expression of TRPV1 and ET-A in the rat cornea as 
compared to control. These findings provide additional insight into 
pain signaling pathways activated following blast exposure. Further 
studies are required to determine if blast-related ocular injuries leads 
to crosstalk of these receptor systems and the potentiation of pain and 
inflammatory processes.
Commercial Relationships: Elaine Por, None; Melody Sandoval, 
None; Chiquita Thomas-Benson, None; Teresa A. Burke, None; 
Brian Lund, None
Support: U.S. Army Military Operational Medicine Research 
Program (MOMRP) and Clinical Rehabilitative Medicine Research 
Program (CRMRP).
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Muller-cell dependent rhodopsin regeneration monitored by 
rapid scanning spectrophotometry with integrating cavity to 
enhance sensitivity and mitigate signal loss from light scatter
Gabriel Gonzalez-Fernandez1, Richard DeSa2. 1Ophthalmology & 
Pathology, University of Mississippi Medical Center, Jackson, MS; 
2Olis Inc., Bogart, GA.
Purpose: Physiological studies of living photoreceptor cell 
suspensions and detached retina have been limited by the problem 
of light scatter. Our long-term goal is to monitor retinoid delivery 
and removal from intact outer segments and intact retina in vitro. 
We described a method to mitigate light scatter allowing spectral 
measurement of rhodopsin bleaching (F. Gonzalez-Fernandez 
and R.J. DeSa, 2015, ARVO abstract). This was accomplished by 
replacing the traditional rectangular cuvette with an integrating 
sphere. Here, we ask if rhodopsin regeneration can be detected using 
this system.
Methods: Minced or intact dark-adapted Rana pipien retinas were 
placed in an 8 ml spherical cuvette surrounded by a tightly packed 
white powder to maximize diffuse internal light reflectance. 100 
spectra were obtained per second using a Olis RSM 1000 UV/
Vis[NIR] rapid-scanning spectrophotometer. Beaching light was 
delivered between scans by a flashing 519 nm LED. The absorbance/
cm was calculated using algorithm of Fry et al. (2010) Applied Optics 
49:575. The retina is allowed to recover in the presence or absence of 
10 mM alpha-aminoadipic acid a Muller cell specific toxin.

Results: The minced retina suspension was turbid with visible 
particulate material. Absorbance measurements using a typical single 
pass spectrophotometer yielded only exponential curves due to the 
extensive light scattering. In contrast, spectra generated using the 
spherical chamber showed low overall absorbance and definite peaks 
at 405 and 503 nm. The later peak disappeared during exposure to the 
bleaching light. Remarkably, regeneration of visual pigment in both 
the retinal suspensions and intact retina could be demonstrated in 
multiple bleach-recovery sequences. Regeneration was inhibited the 
presence of alpha-aminoadipic acid.
Conclusions: Inhibition of regeneration in the presence of 
alpha-aminoadipic acid points to a key role of the Muller cell in 
regeneration in the isolated retina. The spherical cuvette designed 
for total internal reflectance was immune to light scattering. The 
system allows for real-time monitoring of both rhodopsin bleaching/
regeneration and generation of retinol in living suspensions of minced 
and whole retina.
Commercial Relationships: Gabriel Gonzalez-Fernandez, None; 
Richard DeSa, Olic Inc. (P)
Support: Merit Review Award I01BX007080 from the Biomedical 
Laboratory Research & Development Service of the Veterans Affairs 
Office of Research and Development, NIH RO1 EY09412; Start-up 
funding from the VA Office of Research Development; Research, 
Mississippi! Inc., and PathRD Inc.

Program Number: 218 Poster Board Number: B0249
Presentation Time: 8:30 AM–10:15 AM
Synthetic LXR Agonists Enhances Vasoreparative Function and 
Proliferation of Bone Marrow-Derived Stem Cells in Diabetic 
Mouse Models
Thao Trinh1, 2, Eleni Beli2, Sugata Hazra3, Lynn Shaw2, 
Yaqian Duan1, 2, Moshe Levi5, Julia V. Busik4, Maria B. Grant2, 1. 
1Physiology, Indiana University School of Medicine, Indianapolis, 
IN; 2Ophthalmology, Indiana University School of Medicine, 
Indianapolis, IN; 3Geriatrics, University of Utah, Salt Lake, 
UT; 4Physiology, Michigan State University, East Lansing, MI; 
5Department of Medicine, University of Colorado Denver,  
Denver, CO.
Purpose: Purpose: Despite advances in pharmacological therapy, 
diabetic retinopathy (DR) remains the most common cause of visual 
impairment and blindness among working-age adults. Clinical 
evidence demonstrates an intriguing association of lipid abnormalities 
and DR and studies in diabetic rodents reveal prevention of DR via 
activation of nuclear hormone liver X receptors (LXRα/LXRβ). In 
this study, we asked whether the synthetic LXR agonists GW3965 or 
DMHCA can delay the development of DR in part through enhancing 
the vascular reparative function of circulating angiogenic cells 
(CACs).
Methods: Methods: db/db mice were given LXR agonists either 
GW3965 (20 mg/kg) through feeding with chow containing this  
test agent from 8 weeks of age until 24 weeks of age or DMHCA  
(80 mg/kg) injected daily for 2 weeks. Eyes were used for 
enumeration of acellular capillaries and bone marrow was harvested 
for migration studies and flow cytometry analysis. GW3965 (20 mg/
kg) was administered short term (7 days) to diabetic mice via oral 
gavage, and freshly isolated hematopoietic stem cells were used for 
proliferation assay at 12 hour and 24 hour.
Results: Results: CACs from db/db mice treated with GW3965 
showed significantly greater migration towards hypoxia-regulated 
factors, CXCL-12 and VEGF (p < 0.05) than CACs from db/db mice 
on normal chow. In parallel with this result, we observed a significant 
reduction in the number of acellular capillaries in the retina of  
db/db mice on GW3965 compared to diabetic mice on normal chow 
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(p<0.05). Interestingly, DMHCA treatment significantly increased 
overall stem cell populations, specifically the short-term repopulating 
cells and only a trend increase in long-term repopulating cells. 
Intriguingly, seven-days of GW3965 significantly increased the 
proliferation rate of murine hematopoietic stem cells (HSCs)  
(p < 0.05).
Conclusions: Conclusions: Short-term LXR activation by LXR 
agonists in diabetic mice significantly enhanced proliferation capacity 
and the overall HSCs population and long-term administration 
of LXR agonist in T2DM mice reduced the number of acellular 
capillaries by favorably influencing the vasoreparative function of 
circulating CACs.
Commercial Relationships: Thao Trinh, None; Eleni Beli, None; 
Sugata Hazra, None; Lynn Shaw, None; Yaqian Duan, None; 
Moshe Levi, None; Julia V. Busik, None; Maria B. Grant, None
Support: 1R01EY025383-01A1

Program Number: 219 Poster Board Number: B0250
Presentation Time: 8:30 AM–10:15 AM
Treatment outcomes of chronic central serous retinopathy in 
women compared to men
Daniel Cherfan, Rishi P. Singh, Fabiana Q. Silva, Felipe Conti. 
Ophthalmology, Cleveland Clinic Foundation, Cleveland, OH.
Purpose: Central serous chorioretinopathy (CSCR), in its chronic 
form (cCSCR), is a vision threatening condition and is 6 times more 
common in men. Management of cCSCR varies from localized 
treatment to systemic therapies. The aim of this study is to report 
the treatment outcomes of CSCR in women compared to men by 
assessing retinal morphological changes by spectral domain ocular 
coherence tomography (SDOCT) and best-corrected visual acuity 
(BCVA) at different time points.
Methods: A retrospective analysis was performed based on data 
acquired from the Cole Eye Institute. Patients that carried a diagnosis 
of cCSCR, defined as the persistence or recurrence of subretinal fluid 
for >4 months, and at least 12 months of follow-up were included 
in the study. Collected data included demographic details, BCVA 
at presentation and follow up visits up to 12 months, and central 
subfield changes (CST) by SDOCT.
Results: Forty-three eyes of 37 patients (18 female and 19 male) 
were included. The average age for females and males was 
62.67±12.17 years and 58.9±13.17 years (p= 0.38). Baseline BCVA 
for females was 71.21±16.28 ETDRS letters (20/40) compared to 
76.02±8.39 ETDRS letters (20/30) in males (p= 0.25) with initial 
CST of 388.52±108.61 μm and 378.40±117.66 μm in each group 
respectively (p=0.78). The average BCVA in treated females was 
70.00±18.53 (20/40) at 6 months and 74.18 ±16.20 (20/30) letters at 
12 months, while in treated males was 77.48 ±8.38 letters (20/30) and 
78.57±8.33 letters (20/25) at 6 and 12 months respectively (p= 0.19 
and p= 0.38). The average BCVA in non-treated females was 79.41 
±5.71 (20/25) and 80.45 ±3.94 (20/25) at 6 and 12 months while 
that in non-treated males was 76.24 ±9.34 (20/30) and 82.725±3.74 
(20/25)(p= 0.49 and p =0.33). The CST in treated females was 
287.38 ±75.60 μm and 309.92 ±100.13 μm at 6 and 12 months and 
CST in treated males was 297.63 ±56.08 μm and 295 ± 52.66 μm at 
the selected time points (p=0.69 and p= 0.62). CST in non-treated 
females was 294.67±59.84 μm at 6 months and 261.5 ±47.54 μm at 
12 months while that in non-treated males was 309.5±97.61 μm and 
323 ±119.50 μm at 6 and 12 months (p= 0.76 and p= 0.28).
Conclusions: Preliminary results of the study do not support any 
significant differences in cCSCR outcomes between treated and 
non-treated men and women. Further studies would be beneficial to 
determine whether there are gender differences to treatments when 
managing cCSCR.

Commercial Relationships: Daniel Cherfan; Rishi P. Singh, Optos 
(C), Regeneron (F), Genentech (C), Alcon (F), Regeneron (C), Zeiss 
(C), Apellis (F), Genentech (F), Shire (C); Fabiana Q. Silva, None; 
Felipe Conti, None
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Microelectrode penetration of the wall of porcine retinal 
arterioles in vitro results in recordings from at least two different 
cell types
Olga Kudryavtseva1, Christian Aalkjaer2, Toke Bek1. 1Ophtalmology, 
Aarhus University Hospital, Arhus, Denmark; 2Biomedicine, Aarhus 
University, Aarhus, Denmark.
Purpose: A population of perivascular cells (PVC) has been 
identified with a location immediately external to the vascular 
smooth muscle cells of retinal arterioles. These cells express 
immunoreactivity to a pericyte marker NG2 and give rise to 
processes that extend into the retina. This suggests that PVCs could 
play a role in neurovascular coupling in the retina. However, the 
anatomical basis for the connection between PVC and processes has 
not been characterized in detail. The aim of the present study was to 
establish a method for electrophysiological characterization of cells 
that might contribute to neurovascular coupling in the retina.
Methods: First order porcine retinal arterioles with preserved 
perivascular retinal tissue were mounted in a wire myograph. A glass 
microelectrode (WPI, USA) with a tip resistance of 30 - 110 MOhm 
filled with 3 M KCl solution was implanted into the wall of retinal 
arterioles using an electronic micromanipulator. The microelectrode 
was connected to an amplifier (Electrometer 773 Duo, WPI, USA) 
and intracellular membrane potential was recorded.
Results: Recordings from thirteen cells from seven arterioles showed 
membrane potentials ranging from -93 to -37 mV (mean -61 mV, 
standard error 5 mV). The frequency distribution histogram of the 
membrane potential values revealed two distinct peaks at -80 mV and 
-45 mV.
Conclusions: Cells in the retinal arteriolar wall can be penetrated 
with microelectrodes for measurement of the membrane potential. 
Preliminary recordings suggest the existence of at least two 
different cell types with distinct membrane potentials in the retinal 
arteriolar wall. The anatomical basis for these different cell types 
should be characterized further by intracellular dye injection and 
immunohistochemistry.
Commercial Relationships: Olga Kudryavtseva, None; 
Christian Aalkjaer, None; Toke Bek, None

Program Number: 221 Poster Board Number: B0252
Presentation Time: 8:30 AM–10:15 AM
Intravitreal pharmacokinetic properties and systemic 
biodistribution characteristics of I-124 labeled bevacizumab, 
ranibizumab and aflibercept with PET/CT imaging on a  
non-human primate model
John Christoforidis1, 2, Karen Briley3, 2, Prayna Bhatia3, 2, 
Krishan Kumar3, 2, Michael V. Knopp3, 2. 1Ophthalmology & Visual 
Science, University of Arizona Medical Center, Tucson, AZ; 
2Wright Center of Innovation in Biomedical Imaging, Columbus, 
OH; 3Radiology, The Ohio State University College of Medicine, 
Columbus, OH.
Purpose: To determine the intravitreal pharmacokinetic properties 
and to study the systemic biodistribution characteristics of I-124 
labeled bevacizumab, ranibizumab and aflibercept with PET/CT 
imaging on a non-human primate model.
Methods: Each agent was radiolabeled with I-124 using a modified 
Iodogen method. The right eye of each of 3 owl monkeys underwent 
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intravitreal injection with 1.25 mg/0.05 mL I-124 bevacizumab, 0.5 
mg/0.05 mL I-124 ranibizumab or 2.0 mg/0.05 mL I-124 aflibercept. 
All subjects were imaged using digital PET/CT scanner (Philips, 
Philips Healthcare) on days 0,1,2,4,8,14,21,28, and 35. Serum blood 
draws were performed on hours 1,2,4,8,12 and days 1,2,4,8,14,21,28 
and 35. Radioactivity emission measurements were used to determine 
the intravitreal half-lives of each agent and to study the differences of 
radioactivity uptake in non-ocular organs.
Results: The intravitreal half-lives were 3.46 days for I-124 
bevacizumab, 2.89 days for I-124 ranibizumab and 3.08 days for 
I-124 aflibercept. Serum levels were highest and most prolonged for 
bevacizumab as compared to both ranibizumab and aflibercept. All 
agents were primarily excreted through the renal and mononuclear 
phagocyte systems. However, bevacizumab was also found in 
significant amounts in the liver, heart and distal bone. There was no 
uptake in the brain for any of the 3 agents.
Conclusions: 
Among the 3 anti-VEGF agents used in clinical practice, 
bevacizumab demonstrated the longest intravitreal retention time 
and ranibizumab the shortest. Higher and prolonged levels of 
bevacizumab were found in the serum as well as the heart, liver and 
distal bone. These differences in organ biodistribution and retention 
times between the three drug agents should be taken into account 
during clinical decision-making in the course of intravitreal anti-
VEGF therapy. Future studies with greater number of subjects is 
recommended.

Digital PET/CT Images captured with Philips Vereos scanner 
demonstrating intravitreal I-124 ranibizumab (color, left) and 
systemic biodistribution (B/W, right) 1 day after intravitreal injection 
of the right eye.
Commercial Relationships: John Christoforidis; Karen Briley, 
None; Prayna Bhatia, None; Krishan Kumar, None; 
Michael V. Knopp, None
Support: University of Arizona Macular Degeneration Research 
Fund
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Mouse retina is amenable to cholesterol lowering by a statin
Joseph B. Lin1, Natalia Mast1, Marcin Golczak2, Irina A. Pikuleva1. 
1Ophthalmology and Visual Sciences, Case Western Reserve 
University, Cleveland, OH; 2Pharmacology, Case Western Reserve 
University, Cleveland, OH.
Purpose: To establish whether cholesterol-lowering drugs statins can 
cross the blood-retinal barrier in mice and lower retinal cholesterol.

Methods: In a pilot experiment, two lipophilic statins (simvastatin 
and atorvastatin) and two hydrophilic statins (pravastatin and 
rosuvastatin) were evaluated. Statin doses corresponded to ~40-
50% reduction of low-density lipoprotein cholesterol in humans. 
Simvastatin (60 mg/kg bodyweight), pravastatin (80 mg/kg 
bodyweight), and rosuvastatin (15 mg/kg bodyweight) were  
injected intraperitoneally to C57BL/6J mice, whereas atorvastatin 
(30 mg/kg bodyweight) was given orally by gavage. At times specific 
for each statin (ranging from 2-6 hours post-administration), mice 
were anesthetized and either perfused or not perfused through the 
heart with phosphate-buffered saline prior to sacrifice. Retinas were 
isolated, extracted with 100% acetonitrile, and analyzed for the 
presence of statin and statin metabolites by liquid chromatography-
mass spectrometry. In the next experiment, mice were put on a 0.3% 
cholesterol-containing diet for 2 weeks followed by simvastatin 
treatment for 4 weeks, which was delivered in the chow (60 mg/kg 
bodyweight). At the end of the treatment, mice were sacrificed, and 
total retinal cholesterol was quantified by gas chromatography-mass 
spectrometry.
Results: Only simvastatin along with its active metabolite 
simvastatin hydroxy acid was consistently detectable in the retinas 
of mice after intraperitoneal injection, and signal intensity was 
higher in non-perfused animals than perfused animals. Pravastatin 
was detectable in non-perfused mice only, while rosuvastatin and 
atorvastatin were not detectable in either perfused or non-perfused 
mice. Subsequent long-term treatment with simvastatin decreased 
retinal cholesterol from 48±1 to 28±1 nmol/mg protein (p<0.001).
Conclusions: Simvastatin, a lipophilic statin, can penetrate the 
blood-retinal barrier and lower retinal cholesterol in mice. It remains 
to be determined whether hydrophilic statins can reach the retina, 
as they may be present in the retina at concentrations lower than the 
limits of detection. Studies evaluating how local retinal cholesterol 
biosynthesis and retinal uptake of systemic cholesterol respond to 
simvastatin treatment are ongoing.
Commercial Relationships: Joseph B. Lin, None; Natalia Mast, 
None; Marcin Golczak, None; Irina A. Pikuleva, None
Support: NIH Grant R01 EY018383

Program Number: 223 Poster Board Number: B0254
Presentation Time: 8:30 AM–10:15 AM
Impaired retinal signal transmission in simvastatin fed mice
Ian M. MacDonald1, Amany Mohamed2, Sarah Samuelson2, 
Ioannis S. Dimopoulos1, Monika Sharma2, Yves Sauve1, Elena Posse 
de Chaves2. 1Ophthalmology and Visual Sciences, University of 
Alberta, Edmonton, AB, Canada; 2Pharmacology, University of 
Alberta, Edmonton, AB, Canada.
Purpose: Simvastatin reduces cholesterol levels and decreases 
isoprenoid production; isoprenoids play a role in the  
post-translational modification of small GTPases (prenylation).  
Since, many retinal diseases have been associated with impaired 
prenylation of small GTPases, we examined whether simvastatin-
induced inhibition of protein prenylation would impact retinal 
function.
Methods: C57BL6 mice were tested with two simvastatin treatment 
protocols and compared to untreated controls: (i) a low-dose of 
10mg/kg/day simvastatin for 6 months (n=16), and (ii) a high-dose of 
50mg/kg/day simvastatin for 3 months (n=7). Intensity-series of dark- 
and light-adapted full field electroretinograms (ERGs) were recorded 
and Naka-Rushton functions fit to estimate rod photoreceptor Vmax 
and K-value parameters. Eyes were dissected and processed for RPE 
flat mount preparation and retina cryo-sections, with a subset used to 
perform biochemical analysis of the cholesterol mass (Amplex Red 
Cholesterol Assay Kit and gas-liquid chromatography). RT-PCR was 



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.

used to measure the expression level of the HMG-CoA reductase 
gene and a Rab GDI capturing method to analyze protein prenylation.
Results: Simvastatin treatment was not associated with a change in 
the amplitude of ERG responses in C57BL6 mice (p>0.24). However, 
the mean rod photoreceptor K-values were significantly higher 
(p<0.03) in both groups of simvastatin-treated mice. Cryo-sections 
and RPE flat mounts revealed bipolar cell sprouting and larger RPE 
cells in the treated animals. The levels of retinal cholesterol mass and 
Rab protein prenylation did not differ between treated and untreated 
mice.
Conclusions: These experiments suggest that simvastatin treatment 
may affect sensitivity of rod photoreceptor retinal function even 
at low-doses. This side effect may be common to all statins and 
particularly relevant to patients with retinal disorders with a  
pre-existing defect in prenylation, such as choroideremia.
Commercial Relationships: Ian M. MacDonald, None; 
Amany Mohamed, None; Sarah Samuelson, None; 
Ioannis S. Dimopoulos, None; Monika Sharma, None; Yves Sauve, 
None; Elena Posse de Chaves, None
Support: Alberta Innovates-Health Solutions, Canadian Institutes for 
Health Research
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One year retrospective analysis of ocriplasmin for the treatment 
of symptomatic vitreomacular traction
filofteia Tacea, Leonidas Makris, Ahmed Kamal. Ophthalmology, 
Aintree University Hospital, Liverpool, United Kingdom.
Purpose: To evaluate the efficacy and safety of a single intravitreal 
injection of ocriplasmin in symptomatic patients with vitreomacular 
traction (VMT).
Methods: Retrospective analysis of all patients with symptomatic 
metamorphopsia, micro-scotomas and deterioration of vision 
secondary to VMT, confirmed with Spectral Domain Optical 
Coherence Tomography (SD-OCT). Patients received a single 
injection of ocriplasmin (JETREA®). LogMAR visual acuity, 
measurement of intraocular pressure (IOP) and SD-OCT were 
recorded at their first follow-up at 1 month, at 3 months and at the 
final follow-up visit at 12 months.
Results: Thirty-three patients (10 males and 23 females) and a total 
of 35 eyes were included in our study. Fifteen out of 35 eyes (42.8%) 
experienced complete release of the VMT. One out of three eyes with 
a small full thickness macular hole (33.3%) closed post-injection. 
One eye developed partial thickness macular hole with spontaneous 
closure at 3 months, after a successful VMT release. Mean visual 
acuity improved by 6.2 logMAR letters and central macular thickness 
decreased by an average of 55μm in this group of 15 eyes that 
achieved VMT release. Twelve out of these 15 eyes (80%) also 
experienced improvement of symptoms. Despite a successful VMT 
release in three eyes, there was no improvement in their visual 
symptoms. The safety review showed that visual symptoms such as 
vitreous floaters and photopsia were common early after ocriplasmin 
injection, but rapidly resolved afterwards.
Conclusions: Intravitreal ocriplasmin in carefully selected patients 
is a promising and safe treatment option for VMT in symptomatic 
patients and it could represent a viable alternative to pars plana 
vitrectomy.
Commercial Relationships: filofteia Tacea; Leonidas Makris, 
None; Ahmed Kamal, None
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Effect of Hydroxychloroquine Exposure and Toxicity on Dark 
Adaptation
Charles Affel1, Maria Pefkianaki2, Priya Sharma2, Allen Ho2, 
Jason Hsu2, Joseph Maguire2, Carl D. Regillo2, Elizabeth Affel1, 
Julia A. Haller2. 1Diagnostic Center, Wills Eye Hospital, Wyndmoor, 
PA; 2Wills Eye Hospital, Philadelphia, PA.
Purpose: Hydroxychloroquine toxicity causes destruction of macular 
rods and cones, typically in a parafoveal fashion until late in the 
disease. Dark adaptometry was evaluated as a potential diagnostic 
tool for hydroxychloroquine toxicity (HCQ) as rod-mediated light 
sensitivity may be affected as a result of macular rod impairment.
Methods: Participants were recruited from the comprehensive 
ophthalmology and retina services of Wills Eye Hospital from 
08/2015 to 05/2016. In this prospective study, patients were divided 
into four groups. Patients with known HCQ retinal toxicity based on 
clinical examination and abnormal screening diagnostic tests were 
placed into Group 1 while patients without known HCQ toxicity were 
placed into three groups based on their cumulative HCQ dosage  
(< 720 g into Group 2, 720-1460 g into Group 3, > 1460 g into  
Group 4). Spectral-domain optical coherence tomography  
(SD-OCT), 10-2 Humphrey visual fields (HVF), fundus 
autofluorescence (FAF) and dilated fundus examination were 
performed on all study patients. Dark adaptation was measured after 
pupil dilation using a computerized dark adaptometer (AdaptDx, 
MacuLogix, Hummelstown, PA, USA) with the Rapid Test algorithm 
in which rod mediated dark adaptation speed was measured in 
response to a 76% bleach stimulus located five degrees superior to 
the fovea. The speed of dark adaptation was expressed as the Rod 
Intercept (RI) time in minutes.
Results: Thirty-one eyes of eighteen subjects were analyzed. The 
mean age was 33 years with the majority being female (94%). Twelve 
were African Americans (67%) and 6 were Caucasian (33%). There 
were three patients in Group 1, seven in Group 2, four in Group 3, 
and four in Group 4. Three out of 5 eyes with known HCQ retinal 
toxicity exhibited abnormal dark adaptation >6.5 min with mean time 
of the RI time at the first group 6.3 min (SD:0.3). There was non-
significant difference, p = 0.09 between the HCQ dosage and RI time 
but this may be a Type II error, as we didn’t find significance because 
of a small sample size. No relationship was found between years of 
HCQ usage and the RI time (p=0.24).
Conclusions: HCQ retinal toxicity may lead to abnormal dark 
adaptation in some patients. Increased cumulative dosage may also 
impact dark adaptation time. Future larger studies will be necessary 
to validate whether dark adaptation speed could serve as another 
method to screen patients for HCQ toxicity.
Commercial Relationships: Charles Affel; Maria Pefkianaki, 
None; Priya Sharma, None; Allen Ho, None; Jason Hsu, None; 
Joseph Maguire, None; Carl D. Regillo, None; Elizabeth Affel, 
None; Julia A. Haller, None
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Effect of exogenous carotenoids on retinal pigment epithelium 
cells
Junhui Shen2, 1, Jianfeng He2, fang wang2. 1schepens eye research 
institute, Boston, MA; 2Department of Ophthalmology, Shanghai 
Tenth People’s Hospital, Shanghai, China.
Purpose: Diabetic retinopathy is associated with carotenoid 
metabolism in humans, understanding its underlying mechanism 
of pathogenesis at the very early stage of diabetes is critical to 
developing preventive strategies focused on diet and nutrition.  
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In this study, the effect of β-carotene on the growth of human retinal 
pigment epithelial cells (ARPE-19) cells was evaluated and the 
effects of β-carotene on redox state and the regulation of cytokine 
secretion were investigated.
Methods: ARPE-19 cells were treated with different concentrations 
ofβ- carotenoids, the cell viability was determined by MTT assay. 
Fatty acid composition was determined by GC chromatogram. 
Lipoxin LXA4, a Fatty Acid Metabolite, was quantified by ELISA 
method. Reactive oxygen species generation was evaluated by 
Fluorescent probe DCFH-DA. MDA and antioxidant enzyme such 
as superoxide dismutase (SOD), catalase (CAT) and glutathione 
peroxidase (GSH-Px) activities were measured. TNF-α, IL-4 and 
IL-6 secretions were evaluated by ELISA.
Results: MTT showed that β- carotenoids concentration in the range 
of 10-200 μM did not affect the growth of the ARPE-19 cells, but 
when the concentration exceeded 250 μM the survival rate began to 
decrease significantly. GC chromatogram showed the proportion  
of intracellular fatty acid composition was significantly changed 
after β- carotenoids treatment (100 μM, 24hr). The exogenous β- 
carotenoids resulted in the accumulation of fatty acids. β- carotenoids 
treatment could affect the expression of LXA4 in ARPE-19 
cells significantly (100 μM, 24hr). The expression of LXA4 was 
decreased by 23.03%. β- carotenoids treatment(100 μM, 24hr) on 
ARPE-19 cells caused significant increased ROS generation, MDA 
accumulation, CAT activity and GSH-Px activity that correlated 
with corresponding slight decrease in SOD activity(P>0.05). 
ELISA results showed that β- carotenoids treatment (100 μM, 24hr) 
significantly reduced IL-4 secretion, but TNF-α and IL-6 secretion 
were not inhibited.
Conclusions: These results suggest that exogenous β- carotenoids 
can protect ARPE-19 cells. β- carotenoid has a safe dose 
concentration on ARPE-19 cells. The exogenous β- carotenoids 
resulted in accumulation of intracellular LA and enhanced 
metabolism of long-chain fatty acids in the downstream.  
β- carotenoids could alleviate oxidative stress and inflammation. 
Further study should be working on high glucose induced cell 
models.
Commercial Relationships: Junhui Shen; Jianfeng He, None; 
fang wang, None
Support: National Key Basic Research Program of China 
(973Program) grant 2013CB967500
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Intravitreal injection of Melanocortin 1,5 agonists prevents the 
development of neovascularitazion in a VEGF165 mouse model 
of retinal angiogenesis
Michele D’Amico1, Settimio Rossi2, Carlo Gesualdo2, Maria 
Consiglia Trotta1, Rosa Maisto1, Francesco Testa2, Nadia Di 
Carluccio1, Clara Di Filippo1, Paolo Melillo2, Francesca Simonelli2. 
1Experimental Medicine - Section of Pharmacology, Università della 
Campania Luigi Vanvitelli (SUN), Napoli, via Pansini 5, Italy; 2Eye 
Clinic, Multidisciplinary Department of Medical, Surgical and Dental 
Sciences, Università della Campania Luigi Vanvitelli (SUN), Napoli, 
Italy.
Purpose: It was demonstrated that Melanocortin receptor 1,5 
(MCR 1-5) agonists attenuates retinal damage in a mouse model of 
streptozotocin-induced diabetic retinopathy and restores antioxidant 
enzyme levels in high glucose primary retinal cells. This study 
evaluated the hypothetical protective effect exercised by MCR 1-5 
agonists in a mouse model of proliferative retinopathy induced 

by intravitreal injection of Vascular endothelial growth factor 165 
(VEGF 165).
Methods: 20 C57BL/6 mice were divided into 4 groups and were 
subjected to 5 μl intravitreal injection of: (1) balanced saline (0.1 
ml); (2) VEGF 165 (10μg) on day 0; (3) MCR1 agonist BMS-
470539 (33 μmol) seven days before the injection of VEGF165; 
(4) MCR5 agonist PG-901 (7.32) seven days before the injection of 
VEGF165. All mice were examined by Fluorescein angiography 
(FA) at baseline and on days 7, 14, 21 and 28. At the end of each 
time course the animals were sacrificed and the eye was cut into two 
halves, one of them was used for: Conventional Polimerase Chain 
Reaction (PCR) for detecting the expression of VEGF receptor -2 
(VEGFR-2); Cytokines Array for evalute the production of pro- 
and anti-inflammatory cytokines and chemokines; Enzyme-Linked 
Immunosorbent Assay (ELISA) to assess the ocular levels of VEGF. 
The other half was used for immunohistochemical analysis, using 
CD34 and Ki-67 as markers of neo-angiogenesis.
Results: VEGF165 mice group have developed retinal 
neovascularization at 7 days that persisted until to 14 days. Instead 
the mice group 3 and 4 have not developed retinal neovascularization 
during the follow-up but an irregularity of the vessel caliber 
accompanied by leakage was noticed, appearing at 7 days and 
persisting until the end of the follow-up. These data observed with 
FA in mice pre-treated with MCR 1-5 agonists were supported by 
various biochemical and immunohistochemical data such as: reduced 
expression of VEGFR-2; reduced production of pro-inflammatory 
cytokines and chemokines; reduced concentration of ocular VEGF 
and reduced ocular expression of markers of neo-angiogenesis, 
compared to the VEGF165 mice group.
Conclusions: The intravitreal injection of MCR 1-5 agonists prevents 
the development of retinal neovascularization in a mouse model of 
proliferative retinopathy.
Commercial Relationships: Michele D'Amico, None; 
Settimio Rossi, None; Carlo Gesualdo, None; Maria 
Consiglia Trotta, None; Rosa Maisto, None; Francesco Testa, 
None; Nadia Di Carluccio, None; Clara Di Filippo, None; 
Paolo Melillo, None; Francesca Simonelli, None
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The Basal Membrane of Mouse RPE Contains a Unique Anion 
Channel with a High Permeability to Thiocyanate
Xu Cao, Bret A. Hughes. Department of Ophthalmology and Visual 
Sciences, University of Michigan, Ann Arbor, MI.
Purpose: The anion conductance of the RPE basal membrane plays 
a key role in the active transport of Cl- between the subretinal space 
and choroid. Previously, we reported that exposure of isolated mouse 
RPE cells to thiocyanate (SCN-) evokes a large whole-cell current, 
suggesting that the RPE may contain a previously unknown anion 
channel. The purpose of this study was to characterize the biophysical 
and pharmacological properties of this channel in excised membrane 
patches as the next step towards determining its identity.
Methods: RPE cells were freshly isolated from the eyecups 
of C57/B6 mice and placed in a constantly perfused recording 
chamber. Currents from excised outside-out patches of basal or 
apical membrane were recorded using the patch-clamp technique. 
The pipette solution contained 135 mM NMDG-Cl and the bath 
solution contained 140 mM NaCl or 140 mM NaSCN. The relative 
permeability (PSCN/PCl) was calculated using the GHK equation.
Results: Replacement of external Cl- with SCN- increased the 
amplitude of the current in both basal and apical membrane patches 
with no obvious increase in noise, but basal membrane patches were 
significantly more responsive. Replacement of external Cl- with SCN- 
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produced nearly a 6-fold increase in conductance in basal membrane 
patches (from 276 ± 47 pS/pF to 1,535 ± 168 pS/pF) compared to 
a 2-fold increase in apical membrane patches (from 410 ± 104 pS/
pF to 834 ± 165 pS/pF). Moreover, replacement of external Cl- with 
SCN- shifted the reversal potential by -80.1± 4.6 mV (n=36) in 
basal membrane patches and by -43.1 ± 5.6 mV (n=14) in apical 
membrane patches, giving PSCN/PCl values of 47.9 ± 12.6 and 7.0 
± 2.2, respectively. Exposure of basal membrane patches to the anion 
channel blockers tannic acid (100 μM, n=4), DIDS (500 μM, n=4), 
NPPB (200 μM, n=3), CFTRinh-172 (3 μM, n=3) had minor effects 
on the SCN--evoked current, but zinc (1 mM) reduced the current by 
47.6 ± 10.6 % (n=4).
Conclusions: Our results demonstrate that the basal membrane of 
the mouse RPE expresses an anion conductance with high SCN- 
permeability. The blocker sensitivity of this conductance does not 
correspond to that of any of the Cl- channels thought to be expressed 
in the RPE. Further experiments will be needed to identify the 
specific channel that underlies the SCN--selective conductance in the 
RPE basal membrane.
Commercial Relationships: Xu Cao, None; Bret A. Hughes, None
Support: Research to Prevent Blindness and NIH Grants R01-
EY08850 and P30-EY07703
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Long-term Outcome of Bevacizumab Therapy in Sorsby Fundus 
Dystrophy, A Case Series
Rebecca Kaye, Andrew J. Lotery. Ophthalmology, Southampton 
General Hospital, Southampton, United Kingdom.
Purpose: Sorsby fundus dystrophy is a rare autosomal dominant 
disease characterised by bilateral loss of central vision in the 
third-fifth decade attributed to choroidal neovascularisation. To 
date there is no definitive treatment, however, several case reports 
have documented the use of anti-vascular endothelial growth factor 
antibodies (anti-VEGF) to maintain vision. We describe the first long-
term study of the use of anti-VEGF therapy, specifically bevacizumab 
in Sorsby fundus dystrophy.
Methods: A 5-year retrospective case series was undertaken. All 
patients with a mutation in tissue inhibitor of metalloproteinases-3 
(TIMP3) for Sorsby fundus dystrophy treated with intra-vitreal 
bevacizumab injections and at least five years follow-up were 
included. Consent for therapy was gained from all participants. 
Primary outcomes were changes in best-corrected visual acuity 
(BCVA), central macular thickness (CMT), presence of sub-retinal 
fluid and macular scar on OCT. Data was analysed using a linear 
general model in SPSS.
Results: Nine patients were recruited and five included in the study. 
The mean and median number of intra-vitreal bevacizumab injections 
per eye was 16 and 6. At presentation BCVA was 0.1 +/-0.1 LogMAR 
units (mean+/- standard deviation) and CMT 242 +/-36μm. At five 
years BCVA was 0.65+/-0.42 LogMAR units and CMT 205+/-
27μm. The association between change in CMT and intra-vitreal 
bevacizumab injections was significant (p=0.028). Persistence of sub-
retinal fluid was significantly associated with a reduction in BCVA 
(p=0.001). Use of bevacizumab therapy in the presence of sub-retinal 
fluid was significantly associated with improvement in VA (p=0.027). 
There was, however, a linear decrease in VA of approximately 0.1 
LogMAR units per year until scar formation.
Conclusions: In patients with Sorsby fundus dystrophy use of 
bevacizumab appears to provide a temporary stabilisation in BCVA 
through reduction in sub-retinal fluid. Its use, however, is of limited 
value once macular scar formation has occurred. These results 
suggest that an as required approach to therapy may need to be 

changed to a treat and extend approach, similar to changes in care 
pathways now being implemented for choroidal neovascularization 
associated with age related macular degeneration.
Commercial Relationships: Rebecca Kaye, None; 
Andrew J. Lotery, None
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Post-hypoxic recovery of the diameter of retinal arterioles is 
impaired in diabetic patients without retinopathy
Line Petersen, Toke Bek. Aarhus University Hospital, Aarhus, 
Denmark.
Purpose: Occlusion of retinal vessels leads to retinal ischaemia 
and hypoxia, which induces vasodilatation in adjacent retinal areas 
in order to normalize retinal oxygenation. Previous studies have 
shown that NO and COX products are involved in hypoxia induced 
dilatation of retinal arterioles in vitro and in vivo, and that this 
response is disturbed in patients with diabetes mellitus. However, 
it is unknown to what extent post hypoxic recovery of the diameter 
of retinal arterioles depends on NO and COX products in normal 
persons and in diabetic patients.
Methods: The Dynamic Vessel Analyzer (DVA) was used to study 
the post hypoxic diameter changes of larger retinal vessels in 20 
normal persons, 20 diabetic patients without diabetic retinopathy and 
in 18 patients with diabetic maculopathy before and after inhibition 
of the synthesis of nitric oxide and COX products.
Results: In normal persons the arterioles had re-contracted 
(p>0.99) two minutes after termination of hypoxia in the absence of 
antagonists, but not in patients treated with L-NMMA and diclofenac 
(p<0.01 for all comparisons). In diabetic patients without retinopathy, 
the arterioles showed no diameter changes after termination of 
hypoxia during any of the interventions. In patients with diabetic 
maculopathy hypoxia had not dilated retinal arterioles (p>0.1 for all 
comparisons) to allow the study of re-contraction. In all groups the 
dilatation of venules remained significantly increased during the post 
hypoxic observation period, both in the absence and in the presence 
of L-NMMA and diclofenac.
Conclusions: Post-hypoxic contraction of retinal arterioles depends 
on NO and COX products and is impaired in diabetic patients before 
the development of retinopathy. This disturbance may contribute to 
the development of diabetic retinopathy and should be the target of 
future interventional studies aimed at preventing and treating the 
disease.
Commercial Relationships: Line Petersen, None; Toke Bek, None
Clinical Trial: NCT01689090
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Different activity patterns in retinal ganglion cells of TRPM1 and 
mGluR6 knockout mice
Chieko Koike1, 2, Kanago Taniguchi4, Haruki Takeuchi5, 
Yasuhiro Tsubo3, 2, Katsunori Kitano3, 2. 1College of Pharmaceutical 
Sciences, Ritsumeikan University, Kusatsu, Japan; 2Center for 
Systems Vision Sciences, Ritsumeikan University, Kusatsu, Japan; 
3College of Information Science and Engineering, Ritsumeikan 
University, Kusatsu, Japan; 4Graduate School of Information Science 
and Engineering, Ritsumeikan University, Kusatsu, Japan; 5Graduate 
School of Life Sciences, Ritsumeikan University, Kusatsu, Japan.
Purpose: An essential step in visual processing is the segregation 
of signals into ON and OFF pathways by retinal bipolar cells (BCs). 
Glutamate released from photoreceptors modulates the photoresponse 
of ON BCs via metabotropic glutamate receptor 6 (mGluR6) and a G 
protein (Go) that regulates a cation channel, TRPM1. We examined 
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the ON and OFF responses of retinal ganglion cells (RGC) in TRPM1 
and mGluR6 knockout(KO)mice based on the prediction that the 
deficits in RGC responses would be similar in both cases.
Methods: TRPM1 KO and mGluR6 KO mouse lines were generated 
by disruption of the TRPM1 or mGluR6 gene by homologous 
recombination, respectively (Koike et al., 2010, Masu et al., 1995). 
Spike discharges of RGCs in the isolated mouse retina were recorded 
by a multielectrode array (60pMEA200-30iR-Ti, MEA-60 system). 
The retina was stimulated diffusely by a 490 nm light emitting 
diode (LED; 4.44μW/cm2), 2 s with the light on (9.77μW/cm2) and 
2 s with the light off (0.567μW/cm2) in Ringer solution. Data were 
analyzed by Lab chart and further sorted by Efficient Technology 
of Spike sorting (EToS4). To analyze retinal circuits, cryosections 
were subjected to immunohistochemistry and imaged with LSM700 
confocal microscope. A computer model was created and simulations 
were performed.
Results: Significant spontaneous activity was observed in the 
TRPM1 KO retinas but not in the WT or mGluR6 KO retinas. 
Spontaneous activity in the TRPM1 KO retina was inhibited by a 
gap junction inhibitor (MFA). Rod BC terminals in the TRPM1 KO 
retina were significantly smaller than those in WT or mGluR6 KO 
retinas. We equated the smaller size of the rod bipolar cell terminals 
in the TRPM1 KO retina with a decrease in transmitter release. We 
then used a model to examine the consequences of this morphological 
changes on the AII-AC network and identified a condition under 
which oscillations were induced in the network.
Conclusions: Although both TRPM1 and mGluR6 regulate ON 
bipolar visual transmission, we found a significant difference in 
spontaneous activity between TRPM1 and mGluR6 KO mouse 
retinas. The smaller size of the rod bipolar cell terminals in the 
TRPM1 KO retina, but not in mGluR6 KO retina, are consistent 
with a decrease in transmitter release altering the AII-AC network to 
produce oscillations.
Commercial Relationships: Chieko Koike; Kanago Taniguchi, 
None; Haruki Takeuchi, None; Yasuhiro Tsubo, None; 
Katsunori Kitano, None
Support: Grant-in-Aid for Scientific Research (B), MEXT-Supported 
Program for the Strategic Research Foundation at Private Universities
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Ceruloplasmin gene transfer into the retina causes increased 
retinal iron levels and retinal degeneration in ceruloplasmin/
hephaestin-deficient mice
Rupak Bhuyan, Delu Song, Joshua L. Dunaief. Sheie Eye Institute, 
University of Pennsylvania, Philadelphia, PA.
Purpose: A mouse model systemically deficient in the ferroxidases 
ceruloplasmin (Cp) and hephaestin (Heph) exhibits retinal iron 
overload similar to that seen in humans with aceruloplasminemia. 
We tested the hypothesis that retinal ceruloplasmin production in this 
mouse model can protect against retinal iron accumulation.
Methods: 8-wk-old wild-type (WT) and Cp/Heph double knock-out 
(DKO) C57BL/6J mice received intravitreal injections of adeno-
associated virus (AAV) containing human Cp cDNA into each OS 
(AAV-Cp). Control OD eyes were injected with GFP (AAV-GFP) for 
early DKO trials and null vector (AAV-null) for later DKO and WT 
trials. Fundoscopy was performed 1 wk post injection for WT and 7 
mos post injection for DKO. Enucleation occurred immediately after 
imaging for flat mount preparation. Cp and transferrin receptor (Tfrc) 
mRNAs were quantified by qPCR to ensure transduction and to 
measure iron levels in neurosensory retina (NSR) and retinal pigment 
epithelium (RPE). Two-tailed student’s t-test and one-way ANOVA 
were used for statistical analyses.

Results: Imaging of AAV-Cp DKO mice at 9 mos of age 
revealed widespread hypopigmentation with increased lipofuscin 
autofluorescence (Fig 1,2). qPCR showed decreased Tfrc mRNA 
in AAV-Cp injected eyes from WT mice in the NSR, indicating 
increased iron levels. There was no difference in the RPE (n=8). 
Subgroup analysis showed no difference in Tfrc mRNA between 
AAV-Cp WT mice with high versus low Cp expression.
Conclusions: Instead of rescuing the DKO phenotype, intravitreal 
AAV-Cp injections worsened retinal degeneration as seen in fundus 
photographs and flat mounts. This degree of degeneration asymmetry 
between the experimental and control eyes has never been observed 
in uninjected DKO eyes (n>50). Moreover, lower Tfrc mRNA 
levels in the NSR of AAV-Cp WT mice suggest that the injections 
paradoxically caused retinal iron overload. The lack of differences in 
Tfrc mRNA levels in WT RPE suggests that intravitreal Cp delivery 
did not cause iron overload in the RPE in the short term. These 
results suggest that Cp in the neural retina may promote iron influx 
across the blood-retinal barrier.

Micron III fundoscopic images show extensive hypopigmentation 
(A) and lipofuscin autofluorescence (B) in an AAV-Cp DKO eye vs 
control.

Flat mount image shows greater lipofuscin autofluorescence in an 
AAV-Cp DKO eye vs control.
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Commercial Relationships: Rupak Bhuyan, None; Delu Song, 
None; Joshua L. Dunaief, None
Support: NIH Grant EY015240, NIH Grant KL2TR001879

Program Number: 233 Poster Board Number: B0264
Presentation Time: 8:30 AM–10:15 AM
Semaphorin 3F expression pattern in outer retina and RPE
Bertan Cakir1, Johanna Walz1, 3, Anima D. Buehler1, 
Hansjuergen Agostini1, Gunther R. Schlunck1, Alexa Klettner2, 
Andreas Stahl1. 1Eye Center, Medical Center, University of Freiburg, 
Freiburg, Germany; 2Ophthalmology, University of Kiel, University 
Medical Center, Kiel, Germany; 3University of Regensburg, 
Department of Pharmacology and Toxicology, Regensburg, Germany.
Purpose: Semaphorins are known modulators of angiogenesis and 
axonal pathfinding. Recent studies have identified a novel role for 
soluble class 3 semaphorins in the inner and outer retina. Two class 
3 semaphorins (3A and 3F) with a very distinct retinal distribution 
pattern have recently been described. Sema3A is found exclusively 
in the inner retina whereas Sema3F is predominantly expressed in 
the outer retina. Based on the potent anti-angiogenic effect and the 
localization of Sema3F, a contribution to physiologic avascularity of 
the outer retina has been proposed. The exact localization of Sema3F 
expression on mRNA and protein levels as well as the distribution of 
Sema3F expression in the RPE could give new insights into the role 
of Sema3F in the outer retina.
Methods: In situ hybridization and immunohistochemistry for 
Sema3F were performed on eyes from C57/BIJ6 mice at postnatal 
day (P) 21. In addition, a modified Ussing chamber with a porcine 
RPE-choroid tissue culture was used to separate the apical (retina 
facing) and basal (choroid facing) sides of the RPE monolayer for 
secretion analysis. The supernatant of the apical and basal chamber 
were collected after 1 and 3 days for western blot analysis.
Results: In situ hybridization showed a strong expression of 
Sema3F in both the outer nuclear layer as well as the RPE. 
Immunohistochemistry (IHC) revealed no protein signal in the 
outer nuclear layer but at the basolateral side of the retinal pigment 
epithelium. This was confirmed in the Ussing chamber experiments 
showing a stronger signal on the basal side of the RPE compared to 
the apical side.
Conclusions: The in situ hybridization results confirm a 
distinct expression pattern for Sema3F in the outer retina as 
previously suggested by laser capture microdissection data. 
Immunohistochemistry detected a signal on the basolateral side of 
the RPE. A possible explanation for the missing detection of Sema3F 
protein in the outer nuclear layer could be that only the neuropilin 
receptor-bound fraction of soluble Sema3F is amenable to IHC 
detection. The Ussing chamber experiments revealed a stronger 
secretion of Sema3F to the basal side of the RPE, in line with a 
basolateral localization of Sema3F found on IHC. The localization 
in the outer retina and the basolateral RPE secretion supports the 
hypothesis that Sema3F forms an anti-angiogenic barrier in the outer 
retina which might be relevant in the pathophysiology of neovascular 
AMD.
Commercial Relationships: Bertan Cakir, None; Johanna Walz; 
Anima D. Buehler, None; Hansjuergen Agostini, None; 
Gunther R. Schlunck, None; Alexa Klettner, Novartis (R), Novartis 
(F); Andreas Stahl, Novartis (C), Novartis (R)

Program Number: 234 Poster Board Number: B0265
Presentation Time: 8:30 AM–10:15 AM
Regulation of Interleukin-1β by Purinergic Receptors in Müller 
and Microglial Cells
Julie Sanderson1, Sofia Habib1, 2, Matthew Felgate1, Phillip Wright1, 
Leanne Stokes1, Nuwan Niyadurupola2, David C. Broadway2, 1. 
1School of Pharmacy, University of East Anglia, Norwich, United 
Kingdom; 2Department of Ophthalmology, Norfolk and Norwich 
University Hospital, Norwich, United Kingdom.
Purpose: We have shown previously that death of retinal ganglion 
cells (RGCs) can be caused by activation of P2X7 receptors in the 
human retina, together with a P2X7–mediated increase in interleukin-
1β (IL-1β) expression and release. The purpose of this research was 
to investigate purinergic receptor-mediated induction of IL-1β in glial 
cells using Müller and microglial cell lines.
Methods: Two immortalised cell lines were used: MIO-M1 (human 
retinal Müller cells) and BV2 (mouse brain microglial cells). Initial 
experiments investigated cell death in response to ATP and BzATP 
(24h). Cell viability and death were evaluated using MTS and LDH 
assays respectively. To investigate IL-1β expression and release, cells 
were incubated with a sub-lethal concentration of ATP or BzATP for 
24h. Induction of IL-1β mRNA and release were evaluated using RT-
PCR and ELISA respectively.
Results: BV2 cells exhibited a dose-dependent decrease in cell 
viability/increase in cell death in response to ATP (10μM - 5mM) 
with significant changes from 50μM and 3mM respectively 
(n=4;p<0.05). BzATP (1 - 500μM) showed similar results, with 
significant changes from 5μM (viability) and 300μM (death) BzATP 
(n=4;p<0.05). AZ10606120 (200nM), a P2X7 antagonist, significantly 
protected against decreased viability with ATP (3mM) and BzATP 
(100μM and 500μM) (n=4;p<0.05). MIO-M1 cells showed no 
significant change in cell viability or death at the ATP and BzATP 
concentrations used (n=4). ATP (300μM) significantly increased  
IL-1β mRNA expression in BV2 cells by 5-fold compared with 
control at 24h (n=4;p<0.05), although no significant increase in 
secretion was seen at this timepoint (n=4). BzATP (30μM) caused no 
significant changes in IL-1β expression or release in BV2 cells (n=4). 
No significant changes in IL-1β expression or release were observed 
in MIO-M1 cells following 24h exposure to ATP (300μM) or BzATP 
(30μM) (n=4).
Conclusions: Müller and microglial cells exhibited differential 
responses to ATP and BzATP. Inhibition of P2X7 receptors 
demonstrated the involvement of P2X7 in purinergic-mediated 
cell death of microglial cells. Microglial cells showed an increase 
in IL-1β mRNA with ATP but not BzATP which may indicate 
the involvement of a different purinergic receptor in regulating 
expression. Understanding the pathway of ATP-mediated IL-1β 
regulation in microglia may provide insight into the mechanisms of 
RGC death in glaucoma.
Commercial Relationships: Julie Sanderson; Sofia Habib, None; 
Matthew Felgate, None; Phillip Wright, None; Leanne Stokes, 
None; Nuwan Niyadurupola, None; David C. Broadway, None
Support: Humane Research Trust, Norwich Glaucoma Research 
Fund, University of East Anglia

Program Number: 235 Poster Board Number: B0266
Presentation Time: 8:30 AM–10:15 AM
Interaction of Astrocytes and Retinal Ganglion Cells Following 
Endothelin Administration
Shaoqing He, Hai-Ying Ma, Thomas Yorio. North Texas Eye Research 
Institute, University of North Texas Health Science Center, Fort 
Worth, TX.
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Purpose: Endothelin-1(ET-1) and its receptors are involved in the 
etiology of glaucoma. Previously, we reported that ET-1 treatment 
induced reactivation of astrocytes (ASTs) and apoptosis of retinal 
ganglion cells (RGC). However, ET-mediated activation of ASTs and 
their effect on RGC survival are largely unknown. This study aimed 
to studying the roles of ETs in the interaction between RGCs and 
ASTs.
Methods: Primary rat RGCs were isolated from rat pup retinas 
using Thy-1-antibody-panning methods and ASTs from optic nerve 
of pups. ASTs were treated with 100nM endothelin-1 for 24 hours 
and subsequent protein detection was made using western blot and 
immunocytochemistry. The conditional medium collected from ET-
1-treated ASTs was carried out a protein array to detect the secreted 
proteins. ET-1-mediated intracellular calcium was monitored in 
RGCs, ASTs and a co-culture of RGCs and ASTs using Fura-2 AM 
calcium imaging. Cell apoptosis and necrosis was detected using 
Annexin V and propidium iodide staining. Oxidative stress was 
monitored by reactive oxygen species (ROS) staining using CellRox.
Results: The treatment of ET-1 induced not only an increase of 
GFAP staining but also the rearrangement of GFAP filaments. A 
significant increase in protein levels of several secreted proteins 
in ASTs was determined using a protein array. In addition, ET-1 
rapidly triggered an elevation of intracellular calcium influx in 
ASTs and administration of verapamil, an L-type calcium channel 
blocker, inhibited the influx of calcium in ASTs. ET-1 also induced 
the elevation of intracellular calcium in RGCs; however, calcium 
response showed a longer latency and was not affected by verapamil. 
Interestingly, ET-1-induced elevation of [Ca2+]i was significantly 
attenuated in co-culture of RGCs and ASTs, and accordingly less 
cell death was also observed in co-culture based on our preliminary 
data. Moreover, ET-1 treatment triggered the overproduction of ROS 
in both ASTs and RGCs and several genes associated with ROS 
metabolism and apoptotic pathways were also upregulated in RGCs 
treated with ET-1.
Conclusions: ET-1 induced the activation of astrocytes through a 
mechanism that may be involved in the control of oxidative stress and 
calcium-mediated signaling. The results suggest that the reactivation 
of ASTs initially could be neuroprotective, however, long-term it 
could lead to dysfunction in the optic nerve and affect RGC survival.
Commercial Relationships: Shaoqing He, None; Hai-Ying Ma, 
None; Thomas Yorio, None
Support: the Department of Defense (W81XH-10-2-0003)

Program Number: 236 Poster Board Number: B0267
Presentation Time: 8:30 AM–10:15 AM
ABCP - An Antiapoptotic Peptide for Neuroprotection in 
Glaucoma
Dorota L. Stankowska1, Raghu R. Krishnamoorthy1, 
Sruthi Sampathkumar2, Ram H. Nagaraj3. 1North Texas Eye 
Research Institute, UNT Health Science Center, Fort Worth, TX; 
2Department of Ophthalmology and Visual Sciences, Case Western 
Reserve University, Cleveland, OH; 3Department of Ophthalmology, 
University of Colorado School of Medicine, Aurora, CO.
Purpose: Axonal degeneration and death of retinal ganglion 
cells (RGC) are primary contributors to vision loss in glaucoma. 
The purpose of this study was to determine if intraperitoneal 
administration of the core peptide derived from small heat shock 
protein αB-crystallin (ABCP) could inhibit RGC death in animal 
models of glaucoma.
Methods: Brown Norway rats were retrogradely labeled (to detect 
RGCs) using Fluoro-gold and IOP was elevated (150 mmHg/days) 
in one eye using the Morrison’s method, while the contralateral eye 
served as control. The rats were intraperitoneally injected with 10μg 

of ABCP (n=3 animals per group) three times per week for five 
weeks. Surviving RGCs were counted in retinal flat mounts.
In another model of ischemia reperfusion (I/R) injury, C57BL/6 mice 
were subjected to IOP elevation of 120 mmHg for 30 min, followed 
by rapid reperfusion. Intraperitoneal ABCP injections were given 3h 
before and immediately after the procedure and then once daily post 
I/R injury for 14 days. RGC apoptosis was assessed using a TUNEL 
assay (n=2 animals per group).
Results: Intraperitoneal injections of ABCP significantly (p<0.05) 
inhibited RGC death in the Morrison’s model of glaucoma in 
rats following five weeks of IOP elevation. The ratio of Fluoro-
gold labelled RGCs [IOP elevated (L) to contralateral eyes (R)] 
in scrambled (control) peptide injected animals was 0.76±0.09 in 
comparison with ABCP treated rats with the ratio of 1.17±0.11.
Intraperitoneally injected ABCP also prevented RGC apoptosis, 
measured after 14 days following the I/R injury in mice. There were 
significantly (p < 0.05) fewer TUNEL positive RGCs detected in the 
RGC layer of I/R mice retinas treated with ABCP (5%) in comparison 
with those injected with the scrambled peptide (28%).
Conclusions: Intraperitoneally administered ABCP peptide was 
able to significantly attenuate RGC death in two animal models of 
glaucoma. These findings suggest that ABCP has the potential to be 
developed as a neuroprotective agent in glaucoma.
Commercial Relationships: Dorota L. Stankowska, None; 
Raghu R. Krishnamoorthy; Sruthi Sampathkumar, None; 
Ram H. Nagaraj, None
Support: NIH Grant EY022061, NIH Grant EY023286 and  
"a challenge grant from RPB"
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Cost effectiveness of Intravitreal Ocriplasmin for vitreomacular 
adhesion and macular hole
Kapil G. Kapoor1, 2, Tayab Waseem1, Colin Reinhart2. 1Research, 
Wagner Macula & Retina Center, Virginia Beach, VA; 
2Ophthalmology, Eastern Virginia Medical School, Virginia Beach, 
VA.
Purpose: Intravitreal ocriplasmin (IVO) has altered the therapeutic 
landscape for vitreomacular interface pathology. Recent studies have 
demonstrated improving success rates and this highlights the question 
of the cost effectiveness of IVO compared to the current standard 
of care - pars plana vitrectomy (PPV). The purpose of this study is 
to provide a new patient pool to evaluate cost efficacy of IVO for 
vitreomacular adhesion (VMA) and macular hole (MH).
Methods: A retrospective single center, multiple physician, IRB 
approved study was done of 247 patients with VMA and MH over 
15 months. Clinical charts and imaging were cross referenced with 
billing records and total treatment cost was determined. Patients were 
divided into three groups: Group 1 – VMA and MH treated by PPV, 
Group 2 – VMA and MH treated by IVO, Group 3 – VMA treated by 
IVO.
Results: Initial interventional success rates were 98% (Group 1), 
55.6% (Group 2), 67.7% (Group 3). Secondary success rates were 
66.6% (Group 1), 81.8% (Group 2), 90% (Group 3). Cost of PPV at 
our institution was $6,538 and IVO cost was $3480. Quality-adjusted 
life years (QALY) calculation (based on average life expectancy 
of 14.3 years from mean patient age of 71.2 years) demonstrated 
an average of 2.5 lines of vision saved from successful treatment. 
Using a cohort-based computer model the treatment decision tree 
demonstrated Group 1 patients had a cost per line of $2,654.39, cost 
per line-year saved of $185.62, and cost per QALY of $6,187. Group 
2 treatment was more cost effective with a cost per line of $2,456.25, 
cost per line year saved of $171.77, and cost per QALY of $5,726. 
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The difference in cost effectiveness showed IVO was more cost 
effective than PPV as an initial intervention, with a difference in cost 
per line of $198.14, cost per line-year saved of $13.85, and cost per 
QALY of $461. Group 3 was cost effective with increased success 
rates for initial and secondary procedures.
Conclusions: IVO is a cost-effective intervention for VMA and MH 
with appropriate patient selection. The success rate of IVO in our 
patient population was greater than previously published rates, which 
may reflect more optimal patient selection. The success rates likely 
impacted the weighted probability model of cost efficacy and further 
research targeting optimizing success rates of IVO will be beneficial 
to optimize the cost efficacy of this therapeutic intervention.

Commercial Relationships: Kapil G. Kapoor, None; 
Tayab Waseem, None; Colin Reinhart, None
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Endothelin Mediated Changes in Gene Expression Determined 
by RNA-sequencing of the Translatome in Primary Retinal 
Ganglion Cells
Renuka M. Chaphalkar, Dorota L. Stankowska, 
Raghu R. Krishnamoorthy. North Texas Eye Research Institute, 
University of North Texas Health Science Center, Fortworth, TX.
Purpose: Endothelin treatment has been shown to produce increased 
cell death in primary RGCs, however the underlying changes in gene 
expression are not completely understood. The purpose of the study 
was to assess endothelin-mediated changes in mRNA expression that 
occur at the translational level.
Methods: Primary RGCs were isolated from post-natal day 5 rat pups 
by immunopanning with an antibody to Thy1.1. RGCs obtained were 
allowed to attach and maintained for 7 days for neurite outgrowth to 
occur. The RGCs were either untreated or treated with endothelin-1 
(100 nM) for 24 h in trophic factor-free medium. Following brief 
incubation with cycloheximide to inhibit protein synthesis, total 
polysomes were isolated by magnesium precipitation and polysomal 
RNA was extracted using the Trizol reagent. Libraries for RNA-
Seq were prepared with KAPA Stranded RNA-Seq Kit. Different 
adaptors were used for multiplexing samples in one lane. Sequencing 
was performed on Illumina Hiseq3000/4000 for a pair end 150 run. 
The reads were first mapped to the latest UCSC transcript set using 
STAR version 2.4.1d and the gene expression level was quantified 
to annotation model (Partek E/M). Differentially expressed genes 
were identified using differential gene expression (GSA) algorithm 

in Partek. Genes showing altered expression with p < 0.05 and more 
than 2-fold changes were considered differentially expressed.
Results: Analysis of gene ontology of the changes in gene expression 
revealed a significant increase in expression of several mitochondrial 
genes including mitochondrial intermediate peptidase (MIPEP)  
(3.3-fold), cytochrome c oxidase assembly factor (SURF1) (8.7-fold) 
and Apolipoprotein O Like (APOOL) (7.5-fold). On the other hand, a 
decrease in expression of mitochondrial genes cytochrome c oxidase 
subunit 4I2 (8-fold), cytochrome c oxidase 6B2 (8-fold), and DNA 
polymerase gamma 2 (POLG2) (7-fold) was observed.
Conclusions: Analysis of the translatome offers a glimpse into 
de novo protein synthesis which is an important manifestation 
of changes in gene expression. Endothelin treatment produced 
changes in several key regulators of mitochondrial metabolism and 
bioenergetics which could be indicative of their involvement in 
neurodegeneration in glaucoma.
Commercial Relationships: Renuka M. Chaphalkar, None; 
Dorota L. Stankowska, None; Raghu R. Krishnamoorthy, None
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Intersectional strategies for targeting amacrine and ganglion cell 
types in the mouse retina
Yongling Zhu1, Jian Xu1, Hongkui Zeng2, Steven H. DeVries1. 
1Northwestern University, Chicago, IL; 2Allen Institute for Brain 
Science, Seattle, WA.
Purpose: Systematic access to amacrine and ganglion cell types will 
facilitate the study of the organization and function of inner retinal 
circuits. Current genetic approaches exploit the molecular diversity 
of neurons by driving Cre expression with specific gene promoters. 
However, Cre expression is rarely confined to a single cell type. 
Strategies for restricting transgene expression to a single neuron 
type are essential for obtaining unambiguous information about 
processing. We employ an intersectional strategy based on combined 
response in a single cell type to expression driven by two distinct 
gene promoters.
Methods: We created various intersections among two binary 
systems (Cre/loxP and Flp/FRT) in which Cre and Flp expression 
are controlled by different promoters, coupled with reporter genes 
that can be activated only in the cells that contain both Cre and Flp. 
Specifically, we characterized six newly developed Flp driver lines, 
followed by crossing them with Cre driver lines that are driven 
by different promoters, but which show overlap with Flp lines in 
expression patterns. Once the Flp driver line and Cre driver line 
were crossed, Cre and Flp double–dependent reporter mouse lines 
were introduced, allowing specific labelling of the cells within the 
Cre and Flp intersection. The morphological characteristics of the 
labeled cells, including soma location, dendritic tree size, and the 
stratification level were analyzed using standard confocal imaging 
and landmarks in ChAT labeled tissue. Cell types were identified 
based on published work.
Results: We have created more than 20 combinational mouse lines 
through selective cross breeding of ~20 Cre driver lines, 6 Flp driver 
lines and corresponding reporter lines. We demonstrate that, with 
appropriate combinations between Cre and Flp drivers, the specificity 
of cell type targeting is greatly enhanced.
Conclusions: Intersectional strategies, by providing a genetic 
solution to restrict transgene expression to specific retinal cell types, 
can accelerate progress in exploring the functional operation of inner 
retinal circuits.
Commercial Relationships: Yongling Zhu, None; Jian Xu, None; 
Hongkui Zeng, None; Steven H. DeVries, None
Support: NIH Grant EY018204, Research to Prevent Blindness
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Program Number: 240 Poster Board Number: B0271
Presentation Time: 8:30 AM–10:15 AM
Lutein and Zeaxanthin isomers (L/Zi) Modulate Photo-Oxidative 
Retinal Damage in an Animal Model
Vijaya Juturu1, Fatih Akdemir5, Cemal Orhan3, Mehmet Tuzcu4, 
Nurhan Sahin3, Ismet Yilmaz2, Kazim Sahin3. 1Clinical and Scientific 
Affairs, OmniActive Health Technologies, Morristown, NJ; 
2Pharmacology, Inonu University, Elazig, Turkey; 3Nutrition, Firat 
University, Elazig, Turkey; 4Biology, Firat University, Elazig, Turkey; 
5Fisheries, Inonu University, Elazig, Turkey.
Purpose: Lutein and Zeaxanthin isomers (L/Zi) able to protect 
against photoreceptor cell degeneration and neutralize free radicals 
produced by oxidative stress. We tested this hypothesis to determine 
the effects of L/Zi in ocular tissues and plasma of rats exposed to 
dark and intense light.
Methods: Male Wistar rats (age: 8 weeks, weight: 180 ± 20 g) 
were housed in a controlled environment with a 12:12-h light-dark 
cycle at 22°C and provided with rat chow and water ad libitum. 
All experiments were conducted under the National Institutes of 
Health’s Guidelines for the Care and Use of Laboratory Animals 
and approved by the Ethics Committee of the Inonu University. Rats 
were randomly divided into treatment groups (with and without L/
Zi supplementation) and exposed to intense light (LED, light [L] and 
dark [D] adaptation). Group I rats exposed to 12 h L and 12 h D (+/- 
100 mg L/Zi/kg BW); Group II to 16 h L and 8 h (+/- 100 mg L/Zi/
kg BW) and Group II exposed to 24 h L (+/- 100 mg L/Zi/kg BW) for 
60 days. Vision and brain health markers such as Rhodopsin (Rho) 
Rod arrestin (Sag), G Protein Subunit Alpha Transducin 1 (Gnat1), 
nuclear factor-kappa B (NFkB), neural cell adhesion molecule 
(NCAM), growth-associated protein-43 (GAP43), glial fibrillary acid 
protein (GFAP), nuclear factor (erythroid-derived 2)-like 2 (Nrf2) and 
Heme oxygenase 1 (HO-1) were analyzed. Oxidative stress and anti 
-inflammatory markers were also analyzed. The data were analyzed 
using the GLM procedure of SAS (SAS Institute: SAS User’s Guide). 
The treatments were compared using ANOVA and student’s unpaired 
t test; P < 0.05 was considered statistically significant.
Results: Increased NFkB and GFAP and decreased Rho, Rod 
arrestin (Sag), Gnat1, NCAM, GAP43, Nrf2 and HO-1 observed in 
24 h light intensity adaptation followed by 16h IL and 8 h DA. L/
Zi administration significantly alleviated oxidative stress (NFkB and 
GFAP) and improved antioxidant capacity gene proteins (Rho, Rod 
arrestin (Sag), Gnat1, NCAM, GAP43, Nrf2 and HO-1) in retinal 
tissues. SOD and GSH-Px improved with L/Zi. No gross lesions, no 
mortality and no adverse events were observed.
Conclusions: These observations suggest that L/Zi may be 
considered as an adjunct therapy to prevent photoreceptor cell 
degeneration and neutralize free radicals produced by oxidative stress 
and visual health.
Commercial Relationships: Vijaya Juturu, OmniActive Health 
Technologies Inc. (E); Fatih Akdemir; Cemal Orhan, None; 
Mehmet Tuzcu, None; Nurhan Sahin, None; Ismet Yilmaz, None; 
Kazim Sahin, OmniActive Health Technologies Inc. (F)
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Effects of Subretinal Injection of Trypan Blue in Rat Eyes
XiaoQian Yao. EENT Hospital of Fudan University, Shanghai, China.
Purpose: Trypan blue (TB) has been widely used in ocular clinical 
practice and research but its safety is still not known clearly. The 
aim of this study was to evaluate the efficacy and toxicity of various 
concentrations of trypan blue (TB) dye for staining during subretinal 
injection in rat eyes in vivo.

Methods: Different concentrations (0.2%, 0.08%, 0.04% and 0.02%) 
of TB were injected subretinally in adult rats. PBS injection was 
applied for controls. The staining effect was observed by surgery 
microscopy in vivo. The injected eyes were cut into sections and 
the injected retina was observed under light microscopy. The retinal 
toxicity was measured by the terminal deoxynucleotidy1 transferase 
dUTP nick end labeling (TUNEL) and histology respectively. 
Electroretinography (ERG) was used to measure retinal function.
Results: The areas were injected and seen immediately under 
surgical microscope in all concentrations TB groups and control 
groups. One day after the procedure, all subretinal blebs were flat. 
Under the surgical microscope, we saw the treatment area in the 
0.2%, 0.08%, 0.04% TB groups but not in the 0.02% group. In the 
sections in 0.2%, 0.08% and 0.04% TB groups, the stained retina and 
scleral were seen under light microscope over 2 weeks. TUNEL+ cells 
appeared mainly in the outer nuclear layer (ONL), ganglion cell layer 
(GCL) and retinal pigment epithelium (RPE) layer at 1 day and 7 
days after subretinal injection of 0.2% and 0.08% TB. Whereas rarely 
no TUNEL+ cells were found at the 0.04% TB group and PBS groups. 
The results of histologic evaluation were consistent with TUNEL 
detection. Two weeks after injection, the thickness of ONL in 0.2% 
TB group reduced significantly compared to that in 0.04% TB group 
and in PBS group. The thickness of ONL in 0.04% TB group and 
PBS group had no significant difference. The amplitude of B-waves 
in ERG after injecting 0.2% TB was significantly reduced when 
compared to 0.04% TB and PBS injection. The amplitude of B-waves 
in 0.04% TB group and in PBS group had no significant difference.
Conclusions: In conclusion, TB induced neurotoxic effect on 
retinal cells in a dose-dependent manner. We found a relative safe 
and effective concentration (0.04%) of TB for subretinal injection 
staining which can facilitate for further investigations.
Commercial Relationships: XiaoQian Yao, None

Program Number: 242 Poster Board Number: B0273
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Modulation of electrical activity in the retina of the rd10 mouse 
model using neuroprotective drugs
Kim Schaffrath1, Sabine Diarra1, Claudia Werner1,  
Anna-Marina van der Meer1, Inga Schulte-Noelke1, Frank Muller2, 
Sandra Johnen1, Peter Walter1. 1Department of Ophthalmology, 
University Hospital RWTH Aachen, Aachen, Germany; 2Institute of 
Complex Systems, Cellular Biophysics, ICS-4, Forschungszentrum 
Juelich, Juelich, Germany.
Purpose: The rd10 mouse is a commonly used animal model of 
retinal degenerative diseases, e.g., retinitis pigmentosa. The rd10 
retina shows spontaneous electrical activity with oscillations between 
3 and 7 Hz. In comparison to the wildtype retina, ganglion cells 
in the degenerated rd10 retina are electrically less excitable. We 
hypothesized that neuroprotective drugs (e.g., taurine, brain-derived 
neurotrophic factor, pigment epithelium-derived factor) could 
modulate the electrical activity of the surviving retinal ganglion 
cells. We want to analyze if the drugs can reduce or abolish the 
spontaneous rhythmic activity and investigate if they can improve the 
retinal responses to different stimulation patterns.
Methods: Retinas from rd10 mice aged P28 to P30 were isolated 
and placed on multielectrode arrays. Perfusion experiments were 
performed using the following standardized protocol: retinas were 
perfused (1) with ames’ medium, (2) with ames’ medium plus the 
neuroprotective drug and (3) with ames’ medium in order to analyze 
the reversibility of the drugs’ effect. Every step lasted for 30 minutes. 
To confirm the drugs’ effect, step 2 und 3 were repeated. During 
perfusion, multielectrode recordings were performed to analyze the 
spontaneous electrical activity as well as the activity induced by 
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electrical stimulation with currents ranging from 20 to 80 μA. For 
statistical analysis, two-tailed student’s t-test and one-way ANOVA 
analysis were used.
Results: The spontaneous oscillations of rd10 retinas showed 
a frequency of 7 Hz. The frequency could be shifted to 12 Hz 
(p<0,0001) by perfusion with 1 mM taurine. This effect was 
reversible and no significant difference between the first and second 
perfusion with taurine was observed. Additionally, a tendency that 
retinas perfused with taurine were slightly more excitable became 
apparent; however, this tendency is so far without any statistical 
significance.
Conclusions: Treatment with taurine could modulate the spontaneous 
oscillations and the excitability in degenerated rd10 retinas. The 
results are a first step towards the combined use of microelectrode 
array-based stimulation together with neuroprotective drugs to 
improve electrical activity in retinas affected by degenerative 
diseases.
Commercial Relationships: Kim Schaffrath, None; Sabine Diarra, 
None; Claudia Werner, None; Anna-Marina van der Meer, None; 
Inga Schulte-Noelke, None; Frank Muller, None; Sandra Johnen, 
None; Peter Walter, None

Program Number: 243 Poster Board Number: B0274
Presentation Time: 8:30 AM–10:15 AM
Association between IOP and retinal thickness following 
intravitreal triamcinolone injections in DME patients
Mohammad Dahrouj1, Jan A. Kylstra1, Bethany Wolf2, 
Zsolt Ablonczy2, Craig E. Crosson2. 1Mass Eye and Ear, Boston, MA; 
2Ora Inc, Andover, MA.
Purpose: Intravitreal triamcinolone (IVT) can be effective in treating 
macular edema due to a variety of etiologies including diabetic 
retinopathy, retinal vein occlusion and recent intraocular surgery. Its 
mechanism of action is attributed to a decrease in the permeability of 
macular capillaries through anti-inflammatory and anti-VEGF effects. 
It is well known, however, that IVT is frequently associated with 
intraocular pressure (IOP) elevation and, according to Starling’s law, 
elevation of IOP should decrease tissue edema. The goal of this study 
was to determine the association between IOP and retinal thickness 
(RT) following treatment with IVT in patients with DME.
Methods: Linear mixed regression models were utilized to analyze 
publicly available data from a randomized controlled clinical trial 
-DRCR network Protocol I- in which 180 subjects were treated 
every four months with 4 mg of IVT plus focal photocoagulation. 
Patients were grouped into quartiles based on mean IOP (IOP) or 
mean change in IOP from baseline (ΔIOP). The median RT and mean 
change in RT from baseline of the lowest quartile were compared to 
that of the highest quartile.
Results: At 8 weeks, subjects whose IOP was in the lowest quartile 
(IOP<15mmHg) had a 13.6% higher median RT compared to subjects 
whose IOP remained in highest quartile (IOP>20 mmHg) (p=0.052). 
Subjects whose ΔIOP was in the lowest quartile (ΔIOP <0) had a 
17.2% higher median RT compared to patients whose mean ΔIOP 
was in the highest quartile (ΔIOP >5mmHg) (p=0.008). At 52 weeks, 
subjects whose IOP was in the lowest quartile had a 17.5% higher 
median RT compared to patient whose IOP values were highest 
quartile (p=0.030). Subjects whose ΔIOP was in the lowest quartile 
had a 19.7% higher median retinal thickness compared to patients 
whose ΔIOP values were in the highest quartile (p=0.007).
At 8 weeks, the mean decrease in retinal thickness for the lowest 
quartile of ΔIOP was 88.00 microns and 143.3 microns for the 
highest quartile (p>0.05). At 52 weeks, the mean decrease in RT for 

the lowest quartile of ΔIOP was 95.41 microns and 175.7 microns for 
the highest quartile (p = 0.024).
Conclusions: Increasing IOP following IVT was associated with 
larger decrease in retinal thickness in DME patients. These data 
support the idea that steroid induced elevation in IOP contributes to 
the efficacy of IVT in treating DME.
Commercial Relationships: Mohammad Dahrouj; 
Jan A. Kylstra, None; Bethany Wolf, None; Zsolt Ablonczy, None; 
Craig E. Crosson, None

Program Number: 244 Poster Board Number: B0275
Presentation Time: 8:30 AM–10:15 AM
Choroidal Thickness May Be Associated with Serum Placental 
Growth Factor in Women with Severe Preeclampsia
Victoria North1, Conrad Stern-Ascher1, 2, Aakriti Garg1, Winston Lee1, 
Cande Ananth3, 4, Ronald Wapner3, Srilaxmi Bearelly1, 3. 
1Ophthalmology, Columbia University College of Physicians and 
Surgeons, New York, NY; 2Ophthalmology, Duke University Medical 
Center, Durham, NC; 3Obstetrics and Gynecology, Columbia 
University College of Physicians and Surgeons, New York, NY; 
4Epidemiology, Joseph L. Mailman School of Public Health at 
Columbia University, New York, NY.
Purpose: Levels of placental growth factor (PlGF), a proangiogenic 
factor made by the placenta, increase early in pregnancy but later 
fall as soluble VEGF receptor (sFlt-1) levels increase. These changes 
occur earlier and are more pronounced in preeclampsia. Our purpose 
is to determine if an association exists between PlGF and choroidal 
thickness (CT) in women with severe preeclampsia (sPE).
Methods: This is an IRB-approved, prospective cohort study of 30 
women with sPE and 37 normotensive controls matched by ethnicity 
and parity and recruited in the immediate postpartum period. 
Exclusion criteria included chronic or gestational hypertension and 
diabetes. All subjects underwent enhanced depth imaging spectral-
domain optical coherence tomography (EDI SD-OCT). Heidelberg 
Eye Explorer software was used to measure CT (μm). ELISA was 
used to measure serum PlGF (pg/ml).
Results: PlGF did not differ significantly between groups (21.16 ± 
7.93 pg/ml in cases vs. 18.73 ± 6.42 pg/ml in controls, p = 0.169). 
Amongst cases, CT was correlated with PlGF (r2 = 0.280, p = 0.004 
OD; r2 = 0.228, p = 0.010 OS). No correlation was seen in controls (r2 
= 0.027, p = 0.339).
Conclusions: Though serum PlGF levels do not differ significantly 
between postpartum women with severe preeclampsia and those 
with normotensive pregnancies, choroidal thickness is more strongly 
associated with PlGF in cases as compared to controls. Further 
studies of serum markers of preeclampsia could help identify women 
at risk of developing more severe eye disease.
Commercial Relationships: Victoria North; Conrad  
Stern-Ascher, None; Aakriti Garg, None; Winston Lee, None; 
Cande Ananth, None; Ronald Wapner, None; Srilaxmi Bearelly, 
None
Support: New York Community Trust- –Frederick J. and Theresa 
Dow Wallace Fund; Research to Prevent Blindness; The Robert L. 
Burch III Scholarship
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Program Number: 245 Poster Board Number: B0276
Presentation Time: 8:30 AM–10:15 AM
Endothelin receptors are associated with MAPK signaling in a 
rat model of glaucoma
Nolan R. McGrady1, Dorota L. Stankowska1, Hayden B. Jefferies2, 
Shaoqing He1, Raghu R. Krishnamoorthy1. 1North Texas Eye 
Research Institute, UNT Health Science Center, Fort Worth, TX; 
2Texas College of Osteopathic Medicine, UNT Health Science 
Center, Fort Worth, TX.
Purpose: The endothelin system has been shown to play a causative 
role in the neurodegenerative effects seen in animal models of 
glaucoma. However, the mechanisms underlying endothelin mediated 
neurodegeneration need to be examined further. The goal of this 
study was to investigate the interaction between the ETA and ETB 
receptors and the involvement of the MAP kinase pathways in 
endothelin mediated cell death.
Methods: Wild type and ETB-deficient Wistar-Kyoto rats were 
subjected to IOP elevation by the Morrison’s method and maintained 
for 2 weeks. Retinal sections obtained from the rats were subjected 
to immunohistochemical analysis of extracellular regulated 
kinase 1/2 (ERK1/2) and c-Jun N-terminal kinase (JNK) and their 
phosphorylation. In a separate set of experiments, primary RGCs 
were isolated from post-natal day 5 pups and were transduced with 
an AAV-2 vector encoding the ETA receptor cDNA. The cells were 
maintained for 11 days for optimal ETA receptor expression and were 
subjected to either immunocytochemical analysis for ETA and ETB 
receptors or treated for 24 hr with 100nM endothelin-1 (ET-1) or 
endothelin-3 (ET-3). Treated RGCs were then assessed for cell death 
using a cell viability assay.
Results: ETB-deficient rats showed increased immunostaining 
for pERK1/2 in the nerve fiber layer (NFL), ganglion cell layer 
(GCL) and inner plexiform layer (IPL), compared to wild type rats. 
Following IOP elevation, ERK1/2 phosphorylation was greatly 
reduced in wild type rats, while ETB-deficient rats showed better 
preservation of pERK1/2 levels. Conversely, immunostaining for 
pJNK in wild type rats was increased in the NFL following IOP 
elevation, but was attenuated in ETB-deficient rats. Cell culture 
experiments showed an appreciable upregulation of ETB receptors 
following overexpression of the ETA receptor as well as an increase in 
cell death in RGCs.
Conclusions: There is a substantial body of evidence for the pro-
survival role of ERKs, and the pro-death role of JNKs. Although the 
mechanisms are not completely clear, the current study points to an 
association of ERK1/2 and JNK signaling with endothelin receptor 
expression following IOP elevation. There appears an involvement 
of both ETA and ETB receptor mediated signal transduction pathways 
during ocular hypertension. In addition, there appears to be reciprocal 
relationship in the upregulation of ETA and ETB receptor expression 
which needs to be studied in detail.
Commercial Relationships: Nolan R. McGrady, None; 
Dorota L. Stankowska, None; Hayden B. Jefferies, None; 
Shaoqing He, None; Raghu R. Krishnamoorthy, None
Support: NIH Grant - EY019952 to R.R.K.; Trainee on NIH  
Grant - T32 AG020494

Program Number: 246 Poster Board Number: B0277
Presentation Time: 8:30 AM–10:15 AM
The Rat Retina Exhibits High Level of mTOR Complexes
Mandy Losiewicz, Lynda Elgahzi-Cras, Patrice E. Fort, 
Steven Abcouwer, Thomas W. Gardner. Ophthalmology & Visual 
Sciences, University of Michigan, Ann Arbor, MI.
Purpose: Mechanistic target of rapamycin (mTOR) kinase exists 
in the mTOR Complex 1 (mTORC1) and mTOR Complex 2 

(mTORC2). mTORC1 includes the regulatory-associated protein 
of mTOR (RAPTOR), PRAS40, DEPTOR and LST8. mTORC2 
contains the rapamycin-insensitive companion of mTOR (RICTOR), 
Sin1, PROTOR and LST8. These complexes represent key control 
points for protein synthesis and growth responses. However, little 
is known about their expression in retinal cells or roles in retinal 
physiology. We previously showed that diabetes reduced retinal 
mTORC2 activity and protein synthesis. The aim of this study 
was to further define the expression of these complexes and their 
downstream effectors in normal rat retina.
Methods: The retinal contents of mTORC1-associated and 
mTORC2-associated proteins and the phosphorylation of downstream 
targets of these complexes were assessed by immunoblotting and co-
immunoprecipitation of retinal lysates, and by immunofluorescence 
of retinal sections from control Sprague-Dawley rats.
Results: Immunoblotting studies reveal that the retina contains 
approximately twice the amounts of mTOR, PROTOR, Sin1, 
Sin1 phospho-Thr86, and the mTORC1 regulating proteins, TSC1 
and TSC2, versus brain and liver. Retinal levels of PRAS40, and 
PRAS40 phospho-Ser183 were intermediate between brain and liver. 
Retinal Raptor co-precipitated with TSC2, PRAS40 and PRAS40 
phospho-Ser183, while TSC2, DEPTOR, Sin1 phospho-Thr86, 
PRAS40 and PRAS40 phospho-Thr246 all co-precipitated with 
Rictor. Immunofluorescence studies show that mTOR was detected 
throughout the ganglion cell layer (GCL). Raptor was detected 
between the outer plexiform layer (OPL) and GCL. Rictor co-
localized with neurofilament L in the nerve fiber layer. S6 ribosomal 
protein phospho-Ser240/244, a downstream target of mTORC1, was 
detected throughout the GCL and OPL. S6 phospho-Ser235/236 was 
detected in a small number of cells in the GCL and inner nuclear 
layer (INL). The mTORC2 target, Akt phospho-Ser473, was weakly 
detected in the OPL, and Akt phospho-Thr308 was observed in the 
OPL. A second mTORC2 target, protein kinase C alpha (PKCα) 
phospho-Ser657, was detected at the junction of the GCL and IPL 
and in the OPL.
Conclusions: The mTORC complexes are relatively highly expressed 
in normal retina compared with brain and liver. Collectively, these 
findings are compatible with an important role for mTOR complexes 
in normal retinal physiology.
Commercial Relationships: Mandy Losiewicz, None; 
Lynda Elgahzi-Cras, None; Patrice E. Fort, None; 
Steven Abcouwer, None; Thomas W. Gardner, None
Support: NIH EY20582, NIH EY007003, The Taubman Institute, 
Research to Prevent Blindness

Program Number: 247 Poster Board Number: B0278
Presentation Time: 8:30 AM–10:15 AM
Crosstalk between Sphingolipids and HDACs in the Development 
of Ischemic Retinal Injury
Jie Fan, Jian Liu, Craig E. Crosson. Ophthalmology-Storm Eye Inst, 
Medical Univ of South Carolina, Charleston, SC.
Purpose: Previous studies have shown that elevations in acid 
sphingomyelinase and histone deacetylase (HDAC) activities 
contribute to ischemic and ocular hypertensive retinal injury. 
However, how or if these pathways interact remain unknown. This 
study investigates the interaction between sphingolipid metabolism 
and protein acetylation in the sequela of events that mediate ischemic 
retinal injury.
Methods: The effects of acute ischemic retinal injury on the activities 
of acid sphingomyelinase (ASMase) and Class I HDACs, ceramide 
and TNF-α levels, and retinal function (ERGs) were evaluated in 
ASMase+/- knockout and wild type (WT) mice. Studies utilized 
primary human optic nerve head astrocyte cultures treated with  
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C2-ceramide (from 0.1μM to 10μM) for 6 hours to analyze changes 
in Class I HDAC activity and TNF-α secretion.
Results: In WT mice, ischemic injury produced a rapid (1 to 2 hrs 
post-injury) and significant increase in retinal Class I HDAC and 
ASMase activity of 26.7 ± 2.9% and 29.8 ± 2.6%, respectively. We 
also measured significant elevation in retinal levels of ceramides  
(2.1 fold) and TNF-α (3.2 fold). Seven days post-injury, these 
increases were associated with significant reduction in ERG a- 
and b-wave amplitudes. In ASMase+/- mice, the ischemic-induced 
increases in Class I HDAC and ASMase activity were significantly 
suppressed by 71% and 88% when compared to WT mice. The level 
of ceramides and TNF-α were significantly decreased by 45% and 
46% when compared to corresponding WT retinas. At 7 days post-
injury, ASMase+/- mice exhibited significant improvement in a- and 
b-wave amplitudes when compared to corresponding WT mice. In 
astrocytes treated with C2-ceramide, Class I HDAC activity and the 
secreted levels of TNF-α increased in a concentration-dependent 
manner when compared with vehicle treated cells.
Conclusions: These results provide initial evidence that ischemia-
induced increases in Class I HDAC activity and TNF-α secretion 
are largely dependent on increased sphingolipids metabolism, and 
ASMase is a participates in this response. Together these data support 
the idea that sphingolipid metabolism plays a central role in initiating 
retinal responses to ischemic injury.
Commercial Relationships: Jie Fan, None; Jian Liu, None; 
Craig E. Crosson, None
Support: EY021368, UL1TR000062

Program Number: 248 Poster Board Number: B0279
Presentation Time: 8:30 AM–10:15 AM
Role of Acid Sphingomyelinase in Ocular Hypertension Retinal 
Ganglion Cell Degeneration
Jiali Liu, Jie Fan, Craig E. Crosson. Ophthalmology, Storm Eye 
Institute, Charleston, SC.
Purpose: Acid sphingomyelinase (ASMase) is an important sensor 
for inflammatory cytokine and apoptotic signaling. It catalyzes the 
hydrolysis of sphingomyelin to ceramide. Previous studies have 
shown that inhibiting ASMase expression protects the retina from 
ischemic injury. The purpose of this study is to investigate if ASMase 
contributes to the sequela of events leading to retinal ganglion cell 
degeneration (RGC) in ocular hypertensive eyes.
Methods: Wild-type (WT) and ASMase+/-mice (10-12 weeks) were 
utilized in these studies. Localization of ASMase and sphingomyelin 
were determined by immunohistochemistry and MLADI mass 
spectrometry imaging, respectively. Intraocular pressure (IOP) 
was elevated unilaterally for 28 days by injecting 1×105 of 15 μm 
microbeads. IOPs were monitored by means of a TonoLab rebound 
tonometer. On day 28, RGC numbers were measured by counting 
Brn3a labeled retinal cells.
Results: In WT mice, ASMase is highly expressed in the optic 
nerve head and inner retinal layers. Little or no ASMase expression 
was observed in the outer retina. Sphingomyelin was concentrated 
in optic nerve head. Beads-injected eyes in WT and ASMase+/- 
mice exhibited significant elevation in IOP (days 10 to 28) when 
compared to contralateral control eyes. No significant difference in 
IOPs between corresponding eyes from WT and ASMase mice were 
measured. In WT mice, RGC density in ocular hypertensive eyes 
(3198.0 ± 246.9 cells/mm2) was significantly lower than contralateral 
control eyes (4804.5 ± 165.4 cells/mm2). In ASMase+/- mice, RGC 
density in hypertensive eyes (4076.2 ± 131.6 cells/mm2) was not 
significant different from contralateral eyes (4474.1 ± 86.2 cells/
mm2). Comparing ipsilateral retinas from ocular hypertensive WT 

and ASMase+/- mice demonstrated that RGC density was significantly 
higher in ASMase+/- mice. No significant difference in RGC density 
was measured between ASMase+/- and WT contralateral retinas.
Conclusions: Our results demonstrate that ASMase and its substrate, 
sphingomyelin, are collocated in the optic nerve head and inner 
retinal layers. The reduction in ASMase expression prevented the 
degeneration of RGC somas in ocular hypertension mice. These data 
support the idea that ASMase-mediated sphingolipid metabolism 
plays a role in the development of glaucomatous optic neuropathy.
Commercial Relationships: Jiali Liu, None; Jie Fan, None; 
Craig E. Crosson, None
Support: NIH EY021368 and NIH/NCATS grant number 
UL1TR000062

Program Number: 249 Poster Board Number: B0280
Presentation Time: 8:30 AM–10:15 AM
QR-110 Treatment for Leber’s Congenital Amaurosis Type 10: 
Restoration of CEP290 mRNA Levels and Ciliation in LCA10 
iPSC-Derived Optic Cups
Patricia Biasutto1, Kalyan Dulla1, Peter Adamson1, 
Iris Schulkens1, Iris Schmidt1, Amelia Lane2, 1, Monica Aguila2, 1, 
Michael E. Cheetham2, 1. 1Ophthalmology, ProQR Therapeutics, 
Leiden, Netherlands; 2University College London, London, United 
Kingdom.
Purpose: The p.Cys998X mutation (known as c.2991+1655A>G) 
in the human CEP290 gene is associated with Leber’s congenital 
amaurosis Type 10 (LCA10) when present in homozygosity or 
compound heterozygosity. These genotypes result in an early 
childhood blindness associated with loss of photoreceptors. QR-
110 is an antisense, single stranded, fully phosphorothioated and 
2'-O-methyl modified RNA oligonucleotide designed as a disease 
modifying therapy for patients with LCA10 due to the CEP290 
p.Cys998X mutation. QR-110 targets the splicing mutation of 
CEP290 through a mechanism of RNA modulation, by which it skips 
the inclusion of the cryptic exon-X and thus restores the open reading 
frame of CEP290.
Methods: LCA10 patient fibroblasts were first reprogrammed into 
induced pluripotent stem cells (iPSC) and then differentiated into 
optic cups for 96 days. These optic cups were treated with different 
doses of QR-110 for 28 days. CEP290 wild-type and mutant 
transcript levels were quantified using ddPCR analysis. Percentage of 
ciliated cells and length of cilia were assessed by microscopy.
Results: We have previously shown that QR-110, in LCA10 
fibroblasts, increases wild-type CEP290 mRNA and protein levels 
in a dose dependent manner with concurrent decrease of mutant 
levels. Levels in p.Cys998X homozygous fibroblasts increased 
to approximately 100% and to approximately 50% in compound 
heterozygous cells, as is expected when there is only one p.Cys998X 
allele. We now show that in optic cups, three dimensional organoids 
mimicking the retinal structure and containing all major retinal cell 
types, QR-110 increases wild-type transcript levels and CEP290 
function, as measured by percentage of ciliated cells and length of the 
cilia, in a dose dependent manner.
Conclusions: Efficacy of QR-110 is demonstrated in a three 
dimensional LCA10 organoid model with all major retinal cell types.
Commercial Relationships: Patricia Biasutto, ProQR Therapeutics 
(E); Kalyan Dulla, ProQR Therapeutics (E); Peter Adamson, 
ProQR Therapeutics (E); Iris Schulkens, ProQR Therapeutics (E); 
Iris Schmidt, ProQR Therapeutics (E); Amelia Lane, university 
college london (E), ProQR Therapeutics (F); Monica Aguila, 
university college london (E), ProQR Therapeutics (F); 
Michael E. Cheetham, university college london (E), ProQR 
Therapeutics (F)
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Program Number: 250 Poster Board Number: B0281
Presentation Time: 8:30 AM–10:15 AM
A Pharmacodynamic Analysis of Choroidal Neovascularization in 
a Porcine Model
Jeffrey Tran1, Caroline Craven1, Kathy Wabner1, 2, Jenn Schmit1, 2, 
Uday B. Kompella3, Hans E. Grossniklaus1, Timothy W. Olsen1. 
1School of Medicine, Emory University School of Medicine, Atlanta, 
GA; 2University of Minnesota, Minneapolis, MN; 3School of 
Pharmacy, University of Colorado, Aurora, CO.
Purpose: Delaying the natural progression of pathologic macular 
aging to maintain sight for the large numbers of individuals affected 
by age related macular degeneration (AMD). The goal of this in 
vivo, pre-clinical study is to optimize pharmacodelivery to enhance 
macular pharmacotherapies by comparing the efficacy of microneedle 
delivered suprachoroidal (SC) pazopanib to intravitreal (Ivit) delivery 
of pazopanib, bevacizumab, or a fusion protein hI-con-1 versus 
controls on the growth of type 2 choroidal neovascularization (CNV) 
in the porcine model.
Methods: Forty-one pigs were injected either on the day of CNV 
induction or post-induction day #14 (hI-con1) with either 2.5 mg 
Ivit bevacizumab (n=9), 1 mg pazopanib (n=9), 300 Ivit mg hI-con1 
(n=4), or 1 mg SC pazopanib (n=9), versus 10 vehicle controls (3 SC 
+ 7 Ivit = 10). Pigs were euthanized at postoperative week 2 (11), 3 
(8), 4 (11), and 8 (11). Eyes were enucleated and fixed for histology. 
The size of the type 2 CNV complex was determined by measuring 
lesion size from histologic sections. Immunostaining for cytotoxic 
T-cells was performed on the hI-con1 and control eyes.
Results: In 39 of 41 (95%) eyes, type 2 CNV lesions were identified. 
One CNV lesion was lost with the retinal tissue during dissection. 
Another animal was euthanized due to surgical complications. For 
mean CNV size comparisons, Ivit pazopanib had smaller height 
measures (90 ± 20 μm) versus controls (180 ± 20 μm; p=0.009), and 
Ivit pazopanib had smaller maximum CNV height (174 ± 43 μm) 
compared to SC pazopanib (448 ± 25 μm; p=0.018). The mean lesion 
size in hI-con-1 treated animals was smaller than controls (p=0.11) 
although the number of animals was small. Immunostaining did not 
detect cytotoxic T-cells at the time of enucleation.
Conclusions: Intravitreal pazopanib and hI-con-1 treatments reduced 
the size of CNV lesions versus controls. The pig model has a near 
100% success rate of type 2 CNV induction and is an excellent 
preclinical model to study and assess CNV growth and therapeutic 
response.
Commercial Relationships: Jeffrey Tran; Caroline Craven, None; 
Kathy Wabner, None; Jenn Schmit, None; Uday B. Kompella, 
None; Hans E. Grossniklaus, None; Timothy W. Olsen, None
Support: This work was supported by NIH/NEI RO1 EY022097, 
Georgia Research Alliance, and an unrestricted departmental grant 
from Research to Prevent Blindness (RPB)

Program Number: 251 Poster Board Number: B0282
Presentation Time: 8:30 AM–10:15 AM
Ocular Toxicity Profile of Novel PI3K/MEK Dual Inhibitor
Andrew Smith1, Mercy D. Pawar1, Cagri G. Besirli1,  
Marcian E. Van Dort2, Brian D. Ross2, 3, Stefanie Galbán2, 4. 
1Ophthalmology and Visual Sciences, University of Michigan, 
Fairport, NY; 2Center for Molecular Imaging, University of 
Michigan, Ann Arbor, MI; 3Department of Radiology, University 
of Michigan, Ann Arbor, MI; 4Department of Radiation Oncology, 
University of Michigan, Ann Arbor, MI.
Purpose: To evaluate the ocular toxicity of a novel dual kinase 
inhibitor targeting MEK and PI3K pathways using in vitro and in 
vivo analysis.

Methods: 661W, in vitro photoreceptor cell line model and ARPE-
19, adult retinal pigment epithelium cells were treated with PI3K 
inhibitor (ZSTK474), MEK inhibitor (PD0325901), ZSTK474 & 
PD0325901 combined and dual inhibitor compounds targeting both 
the PI3K/Akt/mTOR and Ras/ MEK/ERK pathways. Cells were 
incubated at concentrations 1uM, 5uM, 10uM, 25uM, 50uM and 
100uM for 4hours and 24hours and western blots performed to 
determine PI3K and MEK activity. Cell Viability and caspase activity 
were measured using luminescent cleavage assay kit after 24hrs of 
incubation with the inhibitors. Intraocular injections were performed 
in an animal model to determine in vivo toxicity profile.
Results: For both cell lines. a dose-dependent decrease in levels 
of p-AKT and p-ERK1/2 was observed for the dual inhibitors. The 
PI3K inhibitor (ZSTK474) and MEK inhibitor (PD0325901) only 
inhibited Akt phosphorylation or Erk phosphorylation, respectively. 
The combined treatment of PI3K inhibitor (ZSTK474) and MEK 
inhibitor (PD0325901) showed complete inhibition of both Akt and 
Erk phosphorylation. Inhibition of the PI3K pathway with ZSTK474 
in 661W cells led to increased caspase activity and cell death, which 
was potentiated by MEK inhibitor PD0325901. Dual inhibitor was 
less toxic to 661W cells, causing less caspase activity and loss of 
cell viability. In contrast to 661W cells, ARPE-19 cells were more 
vulnerable to MEK inhibition and resisted the toxic effects of 
dual inhibitor compared to individual or combination of PI3K and 
MEK inhibitors. MEK inhibitor led to retinal necrosis and retinal 
hemorrhages in vivo, which was observed with less intensity using 
the dual inhibitor.
Conclusions: A novel dual inhibitor of PI3K and MEK inhibited 
Akt and ERK phosphorylation in 661W and ARPE cells. The dual 
inhibitor demonstrated better toxicity profile compared to the 
combination of agents targeting each pathway independently. By 
blocking the key intracellular pathways that regulate cell survival 
and proliferation, PI3K/MEK dual inhibitor compounds could be 
potential therapeutic agents for malignant tumors with improved 
ocular and neurotoxic profiles.
Commercial Relationships: Andrew Smith, None; 
Mercy D. Pawar, None; Cagri G. Besirli, None; Marcian E. Van 
Dort, None; Brian D. Ross, None; Stefanie Galbán, None
Support: MCubed, University of Michigan, grant U049581
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Deactivation of CD44-mediated Endocytosis by Heavy  
Chain-Hyaluronic Acid/Pentrixin3 in Human Retinal Pigment 
Epithelium
Hua He2, Yuan Zhang2, Megha Mahabole2, Chen-Wei Su2, 
Scheffer C. Tseng1. 1TissueTech and Ocular Surface Center, Miami, 
FL; 2R & D, TissueTech, Inc., Miami, FL.
Purpose: Proliferation and epithelial mesenchymal transition 
(EMT) of retinal pigment epithelial (RPE) cells are two hallmarks 
of proliferative vitreoretinopathy (PVR). Recently, we have found a 
heavy chain-hyaluronic acid/pentraxin 3 (HC-HA/PTX3) complex 
purified from human amniotic membrane inhibits both proliferation 
and EMT of RPE cells in vitro. Herein, we investigate whether the 
suppression of PVR by HC-HA/PTX3 is through CD44-mediated 
endocytosis.
Methods: Proliferation of ARPE-19 cells stimulated by growth 
factors and cytokines was measured by BrdU labeling. α-smooth 
muscle actin expression in TGF-βs-stimulated RPE cells was detected 
by immunostaining. CD44-mediated endocytosis was detected by 
incubating FITC-conjugated HA (20 μg/ml) for 24 hours after RPE 
cells were pre-treated with or without 5 units/ml hyaluronidase for 
20 minutes at 37 °C. Expression of CD44 and phosphorylation of 
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Merlin, TAK1, and Smad2/3 were detected by quantitative real-time 
PCR and Western blot.
Results: Among PVR-related growth factors and cytokines, EGF, 
FGF-2, and TGF-βs are most potent in induction of proliferation 
and EMT in RPE cells, respectively. CD44-mediated endocytosis of 
HA by unstimulated RPE cells is weak, but is significantly increased 
by hyaluronidase digestion of extracellular matrix. Pretreatment of 
HC-HA/PTX3 (25 μg/ml) inhibits CD44-mediated endocytosis of 
HA, much stronger than high molecular mass of HA (> 4000 kDa). 
Accordingly, HC-HA/PTX3 also down-regulates p-Merlin (Ser518), 
p-TAK1 (Thr184/187), and p-Smad2 (Ser465/467), which all are 
related to CD44-mediated endocytosis.
Conclusions: Suppression of CD44-mediated endocytosis by HC-
HA/PTX3 could lead to prevention of proliferation and EMT in PVR.
Commercial Relationships: Hua He, TissueTech, Inc. (E), 
TissueTech, Inc. (P); Yuan Zhang, TissueTech, Inc. (E); 
Megha Mahabole, TissueTech, Inc. (E); Chen-Wei Su, TissueTech, 
Inc. (E); Scheffer C. Tseng, TissueTech, Inc. (C), TissueTech, Inc. 
(S), TissueTech, Inc. (P), TissueTech, Inc. (I)
Support: R43 EY025447 ; R44 EY025447
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Presentation Time: 8:30 AM–10:15 AM
Identification of a novel small molecule chaperon of rhodopsin 
and its therapeutic potential in retinal degeneration
Yuanyuan Chen1, Yu Chen2, Beata Jastrzebska1, Hong Tang3, 
Xiaoyu Li1, William Siebel4, Jianye Zhang1, Hui Jin1, Sahil Gulati1, 
Krzysztof Palczewski1. 1Pharmacology, Case Western Reserve 
University, Cleveland, OH; 2Yueyang Hospital and Clinical Research 
Institute of Integrative Medicine, Shanghai University of Traditional 
Chinese Medicine, Shanghai, China; 3University of Cincinnati, 
Cincinnati, OH; 4Cincinnati Children’s Hospital, Cincinnati, OH.
Purpose: P23H rhodopsin mutation disrupts rhodopsin proteostasis 
which leads to autosomal dominant retinitis pigmentosa (adRP) 
that is currently untreatable. We hypothesis that a small-molecule 
chaperon of rhodopsin will stabilize the P23H rhodopsin mutant and 
delay vision loss by restoring rhodopsin homeostasis in the retinal.
Methods: We performed a small-molecule high-throughput screening 
using a cell-based beta-galactosidase assay to quantify the rescued 
P23H opsin on the plasma membrane. A total of 78,520 molecules 
from a collection of three small molecule libraries were tested for 
their activities on rescuing the transport of P23H opsin and YC-
001 was identified as an active lead compound. To characterize the 
mechanism of action of YC-001, we tested: 1) if YC-001 binds to 
rod opsin using a Trp fluorescence assay; 2) if YC-001 improves the 
glycosylation profile of P23H opsin by immunoblots; 3) if YC-001 
protects retina from bright light-induced degeneration in Abca4-/- 
Rdh8-/- mice by administering 50 or 200 mg/kg by weight of YC-001 
before exposing mice to bright light (10,000 lux, 30 min) followed by 
spectral domain optical coherence tomography (SD-OCT) and retinal 
histology imaging seven days later.
Results: YC-001 showed an EC50 at 7.8 μM with its efficacy at 310% 
compared to the effect of 5 μM 9-cis-retina in the beta-galactosidase 
fragment complementation assay. YC-001’s effect on rescuing P23H 
opsin transport was confirmed by the immunostaining and high-
content imaging assay showing an EC50 at 3.2 μM. YC-001 reversibly 
binds with the rod opsin in the bovine disc membrane with a Kd at 
1 μM. Treatment with YC-001 improved the glycosylation profile 
of P23H opsin mutant in a dose-dependent manner, demonstrated as 
shifted bands in immunoblots. Mice preconditioned with YC-001 at 
200 mg/kg by weight were resistant to bright light-induced retinal 
damage, revealed by SD-OCT and H&E retinal staining images with 
an outer nuclear layer comparable to that from mice without bright-

light damage, whereas vehicle control group showed significant 
reduction of ONL thickness.
Conclusions: YC-001 is a novel small molecule chaperone of 
rhodopsin that prevents bright light-induced retinal degeneration in 
Abca4-/- Rdh8-/- mice, revealing its therapeutic potential of preventing 
retinal degenerations. Long-term treatment to P23H/+ mice will show 
if YC-001 will delay retinal degeneration for adRP.
Commercial Relationships: Yuanyuan Chen; Yu Chen, None; 
Beata Jastrzebska, None; Hong Tang, None; Xiaoyu Li, None; 
William Siebel, None; Jianye Zhang, None; Hui Jin, None; 
Sahil Gulati, None; Krzysztof Palczewski, None
Support: NIH K99 award EY024992
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TUDCA and DMSO additively protect against light-induced 
retinal degeneration
Jana T. Sellers1, Micah A. Chrenek1, Nathaniel F. Henneman1, 2, 
Jeffrey H. Boatright1, 2. 1Ophthalmology, Emory University, Atlanta, 
GA; 2Center for Visual and Neurocognitive Rehabilitation, Atlanta 
VA Medical Center, Decatur, GA.
Purpose: When given systemically and individually, 
tauroursodeoxycholic acid (TUDCA) and dimethyl sulfoxide 
(DMSO) are protective in the Light-Induced Retinal Degeneration 
(LIRD) mouse model, putatively via different mechanisms of action. 
DMSO is FDA-approved for treatment of interstitial cystitis, but can 
be neurotoxic and is thought to damage lens cortical fibers. Here we 
tested whether combinations of lower doses of systemically-injected 
DMSO and TUDCA are additively protective in the LIRD mouse 
model.
Methods: Male Balb/cAnNCrl mice, aged 71 days, were injected IP 
with two different solutions (below), dark adapted overnight, injected 
again the following morning, then exposed to 4 h of high-intensity 
(3,000 lux) or dim (50 lux) light. The injection combinations were 
as follows: 100 mg/kg TUDCA in sodium bicarbonate (SBC) and 
2.1 ml/kg DMSO in Dulbecco’s PBS (DPBS), 300 mg/kg TUDCA 
and 3.2 ml/kg DMSO, 100 mg/kg TUDCA and DPBS, 300 mg/
kg TUDCA and DPBS, 2.1 ml/kg DMSO and SBC, 3.2 ml/kg 
DMSO and SBC, and DPBS and SBC. To assess retina function, 
electroretinograms (ERGs) were taken one week after light exposure.
Results: Exposure to 3,000 lux light significantly diminished ERG 
a- and b- wave amplitudes (p<0.0001, 2 way AVOVA with Tukey 
post-hoc analysis). Treatment with 3.2 ml/kg DMSO only partially 
prevented this loss, with ERG amplitudes of this treatment group 
significantly greater than vehicle-treated mice exposed to 3,000 
lux light (p<0.0001), but also significantly less than those of mice 
exposed to dim light (p=0.0002). However, combining this same 
dose of DMSO with IP injection of 300 mg/kg TUDCA, a TUDCA 
dose that alone had no protective effect, completely preserved ERG 
amplitudes, with no diminution at all due to toxic light exposure.
Conclusions: Combinations of lower doses of systemically-injected 
DMSO and TUDCA were additively protective in the LIRD mouse 
model. It may be that several FDA-approved drugs can be made to 
be beneficial in the ophthalmic clinic if their potential toxicities are 
managed by co-administration of neuroprotectants such as TUDCA.
Commercial Relationships: Jana T. Sellers, None; 
Micah A. Chrenek, None; Nathaniel F. Henneman, None; 
Jeffrey H. Boatright, None
Support: The Abraham and Phyllis Katz Foundation, Research to 
Prevent Blindness, NIH NEI P30EY06360, NIH NEI R01EY14026, 
VA RR&D C9246C, VA RR&D C1924P I21RX001924



ARVO 2017 Annual Meeting Abstracts

These abstracts are licensed under a Creative Commons Attribution-NonCommercial-No Derivatives 4.0 International License. Go to http://iovs.arvojournals.org/ to 
access the versions of record.

Program Number: 255 Poster Board Number: B0286
Presentation Time: 8:30 AM–10:15 AM
Frequent subclinical macular changes in melanoma patients 
treated with combined BRAF/MEK inhibition and high dose 
hydroxychloroquine does not require dosing modification or 
discontinuation: preliminary results from a multi-institutional 
phase I/II clinical treatment trial for advanced metastatic BRAF 
mutant melanoma
Leona Serrano1, Harpal Sandhu2, Elaine Zhou1, Delu Song1, 
Tara Gangadhar3, Lynn Schuchter3, Sheryl Mitnick3, Janice Mehnert4, 
Ann Silk4, Leonel Hernandez Aya5, Alexander Huang3, 
Gerald Linette3, Ravi K. Amaravadi3, Benjamin J. Kim1, 
Tomas S. Aleman1. 1Scheie Eye Institute, Department of 
Ophthalmology, University of Pennsylvania, Philadelphia, PA; 
2Department of Ophthalmology, University of Louisville, Louisville, 
KY; 3University of Pennsylvania, Department of Medicine and 
Abramson Cancer Center, Philadelphia, PA; 4The Rutgers Cancer 
Institute of New Jersey, New Brunswick, NJ; 5Washington University, 
Department of Medicine and Siteman Cancer Center, St. Louis, MO.
Purpose: To assess the potential ocular toxicity of a combined BRAF 
inhibition (BRAFi)/ MEK inhibition (MEki) /hydroxychloroquine 
(HCQ) regime used to treat advanced metastatic BRAF mutant 
melanoma.
Methods: Eight patients (31 to 69 years of age) with stage IV 
metastatic melanoma and BRAFV600E mutations were enrolled in a 
phase I/II clinical trial. Treatment was with oral dabrafenib, 150mg 
bid, trametinib, 2mg/day, and HCQ, 400-600mg bid. Ocular toxicity 
was assessed (at baseline, one month, q/6 months) by ophthalmic 
examination, spectral domain optical coherence tomography 
(SD-OCT), near infrared (NIR) and short-wavelength (SW) 
autofluorescence (FAF) imaging, and with visual acuity (VA) and 
light-adapted static perimetry (10-2 protocol).
Results: Treatment outcome was striking: 7/8 patients responded, 7/7 
with a complete response; most remain on study at 12-18+ months. 
Ophthalmic examinations confirmed no safety concerns. 7/8 patients 
showed shallow separation of the photoreceptor outer segment (POS) 
tip from the apical retinal pigment epithelium (RPE), two with trace 
subretinal fluid (SRF) at the foveal center. Changes were mostly 
foveal but could be traced to the pericentral retina. Structural changes 
subsided without drug holiday/dose modification. There were no 
inner retinal abnormalities or photoreceptor loss or significant 
changes in VA or in foveal or mean sensitivity in any of the patients 
with these abnormalities. There were no changes in RPE melanization 
or lipofuscin content by NIR- and SW-FAF, respectively.
Conclusions: BRAF/MEK/HCQ treatment was well tolerated from 
an ocular toxicity standpoint. Frequent subclinical separation of the 
POS from the apical RPE without obvious SRF or changes in vision 
contrasts with the central serous-like retinopathy reported with 
single agent MEKi. SD-OCT changes may be related to transient 
interference with the RPE phagocytic or pump functions reflecting 
effective BRAF/MEK inhibition. The addition of BRAF inhibitor 
and/or HCQ to MEKi may ameliorate the retinal changes. Longer 
observation intervals in larger groups of patients treated with this 
regime are needed to confirm the prevalence and significance of the 
changes.
Commercial Relationships: Leona Serrano, None; 
Harpal Sandhu, None; Elaine Zhou, None; Delu Song, None; 
Tara Gangadhar, None; Lynn Schuchter, None; Sheryl Mitnick, 
None; Janice Mehnert, None; Ann Silk, None; Leonel Hernandez 
Aya, None; Alexander Huang, None; Gerald Linette, 
None; Ravi K. Amaravadi, None; Benjamin J. Kim, None; 
Tomas S. Aleman, None

Support: National Institutes of Health (NEI-K12EY015398-10), 
Research to Prevent Blindness, Foundation Fighting Blindness, 
Hope for Vision, Macula Vision Research, the Paul and Evanina 
Bell Mackall Foundation Trust and The Pennsylvania Lions Sight 
Conservation
Clinical Trial: NCT02257424

Program Number: 256 Poster Board Number: B0287
Presentation Time: 8:30 AM–10:15 AM
Preclinical results of a new pharmacological therapy approach 
for Stargardt disease and dry age-related macular degeneration
Yuan Fang1, Alexander Tschulakow1, Marina Tikhonovich1, 
Tatjana Taubitz1, Barbara Illing1, Sigrid Schultheiss1, 
Ulrich Schraermeyer1, 2, Sylvie Julien-Schraermeyer1. 1Division 
of Experimental Vitreoretinal Surgery, Center of Ophthalmology, 
Tuebingen, Germany; 2STZ OcuTox, Preclinical Drug Assessment, 
Hechingen, Germany.
Purpose: Stargardt disease (SD) and dry age-related macular 
degeneration (AMD) are marked by the accumulation of lipofuscin in 
the retinal pigment epithelium (RPE). This results in the progressive 
deterioration of the RPE and of the retina leading to vision loss and 
finally blindness. Thus, removal of lipofuscin from the RPE may be 
a potential strategy to ameliorate the clinical symptoms. Currently no 
treatment is available for both diseases.
We discovered that a small molecule belonging to the 
tetrahydropyridoether class of compounds (Remofuscin®) is able 
to remove lipofuscin from the RPE. Several compounds have been 
shown to decrease the new formation of lipofuscin but our approach 
is the only one known to remove existing lipofuscin efficiently. This 
has already been verified in monkeys after a one-year oral treatment 
without showing any obvious side-effect (Julien & Schraermeyer, 
2012, doi: 10.1016/j.neurobiolaging.2011.12.009).
Here we present pre-clinical data performed in SD mouse models, 
the pigmented and albino Abca4-/- mice as well as the Abca4-/-.Rdh8-/- 
mice, after intravitreal injection of Remofuscin®.
Methods: Four weeks after a single intravitreal injection of 
Remofuscin® as suspension or vehicle, lipofuscin amount was 
quantified by measuring the fundus autofluorescence in living 
animals using scanning laser ophthalmoscopy (SLO) and electron 
microscopy. Functionality and survival rate of the photoreceptors 
were investigated by using electroretinography (ERG) and histology. 
In addition, electron microscopic autoradiography was performed 
in order to investigate the uptake and ocular distribution of 
Remofuscin®.
Results: Efficacy of Remofuscin® by removing lipofuscin and 
absence of toxicity in the ERG were confirmed in the SD mouse 
models. We also showed a rescue of photoreceptors in aged Abca4-
/-.Rdh8-/- mice four weeks after a single intravitreal injection of 
Remofuscin®.
In addition, we found that Remofuscin® accumulates specifically 
within RPE pigment granules and not in choroidal melanocytes.
Conclusions: Remofuscin® treatment is able to remove lipofuscin 
from the RPE, does not show any toxicity in ERG and induces 
a rescue of photoreceptors in SD mice. Moreover, Remofuscin® 
accumulates specifically in RPE pigments. Therefore it is a promising 
drug for the treatment of SD and dry AMD.
Commercial Relationships: Yuan Fang, None; 
Alexander Tschulakow, None; Marina Tikhonovich, None; 
Tatjana Taubitz, None; Barbara Illing, None; Sigrid Schultheiss, 
None; Ulrich Schraermeyer, Katairo (P); Sylvie Julien-
Schraermeyer, Katairo (P)
Support: BMBF Funding: Removage - 01GQ1422B; China 
Scholarship Council
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Program Number: 257 Poster Board Number: B0288
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Testing a new pharmacological therapy approach for the removal 
of lipofuscin in vitro: results from a newly established culture 
of aged primary Stargardt mouse model RPE cells and aged 
primary human RPE cells
Tatjana Taubitz1, Yuan Fang1, Monika Rittgarn1, 
Ulrich Schraermeyer1, 2, Sylvie Julien-Schraermeyer1. 1Division 
of Experimental Vitreoretinal Surgery, Centre for Ophthalmology, 
Tuebingen, Germany; 2STZ OcuTox Preclinical Drug Assessment, 
Hechingen, Germany.
Purpose: Stargardt disease and dry age-related macular degeneration 
(AMD) are two lipofuscin-related diseases for which currently 
no treatment exists. A number of therapeutic approaches that try 
to limit the formation of lipofuscin are under investigation. We 
previously described the tetrahydropyridoether class of compounds 
that can remove existing lipofuscin from retinal pigment epithelium 
(RPE) cells in vivo (Julien & Schraermeyer, 2012. doi:10.1016/j.
neurobiolaging.2011.12.009).
Here, we present in vitro results from the tetrahydropyridoether 
compound Remofuscin® that shows no cytotoxicity in aged Stargardt 
mouse RPE cells and shows a phenotypical and functional rescue in 
aged primary human RPE cells.
Methods: A model of aged primary mouse RPE cell culture 
(pigmented Abca4-/- mice, 12 months and older) was established. 
Cells were treated with Remofuscin® and tested for cytotoxic effects 
(Life/Dead assay, TUNEL assay) and proliferation (Ki67 staining). 
Also, aged primary human RPE cells (donors aged 59 – 84 years) 
were treated with Remofuscin® and fed with porcine rod outer 
segments (ROS). Imaging flow cytometry (ImageStream®X Mark 
II) was used to quantify lipofuscin autofluorescence, as well as 
phagocytosis activity and digestion of ROS.
Results: After treatment with Remofuscin®, primary mouse RPE 
cells showed a significant reduction of dead cells and TUNEL 
positive cells compared to untreated controls. Proliferation was not 
influenced by the treatment. Preliminary data of primary human RPE 
cells suggest a considerable loss of lipofuscin autofluorescence and 
an elevation of phagocytosis after treatment compared to untreated 
controls.
Conclusions: Current results indicate that Remofuscin® treatment has 
no cytotoxic effects in vitro, and induces removal of lipofuscin and 
an increase of ROS phagocytosis. These data point to Remofuscin® 
being a promising drug for to-date untreatable lipofuscin-related 
diseases like Stargardt disease and dry AMD.
Commercial Relationships: Tatjana Taubitz, None; Yuan Fang; 
Monika Rittgarn, None; Ulrich Schraermeyer, Katairo (P); 
Sylvie Julien-Schraermeyer, Katairo (P)
Support: BMBF Funding: Removage - 01GQ1422B

Program Number: 258 Poster Board Number: B0289
Presentation Time: 8:30 AM–10:15 AM
DYNAMIC FUNCTIONALITY OF RETINAL VESSELS IN 
EYES WITH CENTRAL SEROUS RETINOPATHY AFTER 
EPLERENONE
Livia Tomasso, Lucia Benatti, Alessandro Arrigo, Luigi De 
Vitis, Michele Cavalleri, Riccardo Sacconi, Lea Querques, 
Adriano Carnevali, Francesco Bandello, Giuseppe Querques. San 
Raffaele, Milano, Italy.
Purpose: To analyze dynamic and static characteristics of retinal 
vessels in eyes with central serous chorioretinopathy (CSC) after 
Eplerenone by means of Dynamic Vessel Analyzer (DVA).
Methods: Patients presenting with CSC and normal subjects 
(controls) matched for age and sex between May 2016 and 

November 2016 were enrolled in the study. Participants underwent 
complete ophthalmologic examination, including optical coherence 
tomography, dynamic and static retinal vessels analysis.
Results: A total of 31 eyes of 31 subjects (14 eyes for the CSC 
group treated with Eplerenone, 17 eyes for the control group) were 
included in the analysis. At baseline (before treatment initiation) 
dynamic analysis during stimulation by flickering light showed 
mean arterial dilation of 2.85±1.96% in CSC patients treated with 
Eplerenone and 4.30±1.63% in healthy eyes (p=0.03); mean venous 
dilation was 3.20±1.77% and 4.3±1.63%, respectively (p=0.01). 
Static retinal analysis in CSC patients showed a mean Central Retinal 
Artery Equivalent (CRAE) of 180±20, a mean Central Retinal Vein 
Equivalent (CRVE) of 213±15 and a mean arteriovenous ratio (AVR) 
of 0.84± 0.07. In control subjects mean CRAE was 189±16 and mean 
CRVE 210±18 (p= 0.22 and p=0.63 respectively vs. CSC eyes) and 
mean AVR was 0.89±0.04 (p=0.02). Choroidal macular thickness 
(CMT) was 403±100 μm in CSC eyes, significantly increased 
compared to control subjects (269±19, p<0.001). After 30 days of 
Eplerenone, dynamic and static analysis showed no significative 
differences from baseline; instead, CMT was 313±100 μm, 
significantly decreased compared to baseline (p=0.02). Compared 
to control group at day 30, CSC group treated with Eplerenone stil 
showed a decreased dynamic (mean arterial dilation of 2.22±1.95 and 
mean venous dilation of 2.69±2.28, p=0.003 and p=0.007 vs. control 
group).
Conclusions: Dynamic analysis revealed a reduced retinal arterial 
and venous dilation in response to flicker light stimulation in CSC 
eyes. Interestingly, after 30 days of Eplerenone, the impaired dynamic 
did not change despite reduction of CMT.
Commercial Relationships: Livia Tomasso, None; Lucia Benatti, 
None; Alessandro Arrigo, None; Luigi De Vitis, None; 
Michele Cavalleri, None; Riccardo Sacconi, None; Lea Querques, 
None; Adriano Carnevali, None; Francesco Bandello,  
Hoffmann-La-Roche (C), Bausch And Lomb (C), Novartis (C), 
Sanofi-Aventis (C), Alimera Sciences (C), Alcon (C), Genetech (C), 
NovagaliPharma (C), Thrombogenics (C), Zeiss (C), Allergan Inc 
(C); Giuseppe Querques, Bayer Shering-Pharma (C), Novartis (C), 
Zeiss (C), Heidelberg (C), Allergan Inc (C), Alimera Sciences (C)
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Presentation Time: 8:30 AM–10:15 AM
ROCK inhibitor Ripasudil (K-115) suppresses subretinal fibrosis 
in laser-induced CNV model
Iori Wada1, Shintaro Nakao1, Muneo Yamaguchi1, Keijiro Ishikawa1, 
Shigeo Yoshida1, Yoshihiro Kaizu1, Tomoyuki Isobe2, Yoshio Kaneko2, 
Tatsuro Ishibashi1, Koh-hei Sonoda1. 1Kyu-shu university, Fukuoka, 
Japan; 2Tokyo New Drug Research Laboratories, Kowa Company, 
Tokyo, Japan.
Purpose: Subretinal fibrosis is known to develop occasionally in 
neovascular age-related macular degeneration after anti-VEGF 
therapy. However, there is no appropriate treatment for the fibrosis. 
The purpose of this study was to investigate the impact of a 
Rho-associated coiled coil–containing protein kinase (ROCK) 
inhibitor ripasudil (K-115) on the subretinal fibrosis after choroidal 
neovascularization.
Methods: C57BL/6J mice underwent laser photocoagulation to 
induce CNV-related fibrosis. Ripasudil (3 or 30 μmol/L) and fasudil 
(30 μmol/L) were treated intravitreally every 3 days from the 14th 
day after laser injury. The volume of fibrosis was quantified with flat 
mounts stained by type 1 collagen on day 28 after laser injury.
Results: Intravitreal high but not low concentration ripasudil 
treatment could reduce the volumes of fibrosis significantly  
(46.6% reduction from baseline at 30 μmol/L ripasudil; p<0.05 vs 
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control and 5.0% reduction from baseline at 3 μmol/L ripasudil; 
p=0.99 vs control). On the other hand, fasudil could not affect 
significantly the volumes of fibrosis (26.4% reduction from baseline 
at 30 μmol/L fasudil; p=0.50 vs control).
Conclusions: Novel ROCK inhibitior ripasudil has the therapeutic 
potential for the treatment of subretinal fibrosis in neovascular  
age-related macular degeneration.
Commercial Relationships: Iori Wada; Shintaro Nakao, 
Tokyo New Drug Research Laboratories, Kowa Company 
(P); Muneo Yamaguchi, None; Keijiro Ishikawa, None; 
Shigeo Yoshida, None; Yoshihiro Kaizu, None; Tomoyuki Isobe, 
Tokyo New Drug Research Laboratories, Kowa Company (E); 
Yoshio Kaneko, Tokyo New Drug Research Laboratories, Kowa 
Company (E); Tatsuro Ishibashi, Tokyo New Drug Research 
Laboratories, Kowa Company (P); Koh-hei Sonoda, None
Support: JSPS KAKENHI (Tokyo, Japan), Grant-in-Aid for Young 
Scientists No. 25713057 and grants from Kowa Company, Ltd. 
(Tokyo, Japan).
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Kinetics of microglia depletion in retina and brain by CSF-1R 
inhibition in mice
Andreas Ebneter1, 2, Joel Jovanovic1, 2, Despina Kokona1, 2, 
Martin Zinkernagel1, 2. 1Department of Ophthalmology, Bern 
University Hospital, Bern, Switzerland; 2Department of Clinical 
Research, University of Bern, Bern, Switzerland.
Purpose: Colony stimulating factor-1 receptor (CSF-1R) inhibitors 
deplete microglia dramatically in the brain, but data about the retina 
are missing. We hypothesize that suppression of retinal microglia 
exhibits comparable kinetics because of similarities between blood-
brain and blood-retina barrier.
Methods: Transgenic Balb/c-CX3CR1-GFP +/- mice (n=24) of 
either sex (age 6-8 weeks) were fed with PLX5622 chow (1200 
ppm, provided by Plexxikon Inc, Berkeley, CA) for 3 weeks. After 
intraperitoneal anesthesia, retinas were imaged at different time 
points with scanning laser ophthalmoscopy (Spectralis, Heidelberg 
Engineering, Germany) in blue-light fundus autofluorescence mode 
(FAF) using a 102° ultra-widefield lens. This allows serial in vivo 
imaging of retinal microglia. Mice were killed at different time 
points. Eyes and brains were perfusion-fixed. Brain sections were 
stained for iba-1. Retinal whole mounts stained for iba-1 (microglia) 
and brn3a (ganglion cells) were analyzed. Cell counts on FAF images 
(main outcome) were compared with microglia counts on whole 
mounts and brain sections. One-way (Fig. 1) and two-way ANOVA 
with post hoc tests (Fig. 2) were used for statistical analysis.
Results: Microglia counts decreased dramatically by > 90% 
(p<0.0001) during the first week (Fig. 1A, Figs. 2A-C). Depletion 
in the brain occurred in parallel (Fig. 1B, Figs. 2D-E). Rebound 
after withdrawal was equally impressive, and counts in the retina 
returned to almost normal levels within 2 days. Detailed comparison 
between in vivo imaging and retinal whole mounts showed that FAF 
overestimated the number of microglia in the retina by about 40%.
Conclusions: Systemic CSF-1R inhibition resulted in dramatic 
microglia suppression in retina and brain with similar kinetics. In 
vivo imaging with FAF systematically overestimated the number of 
microglia in the retina, possibly because cells in the choroid were 
counted as well.

Kinetics of suppression Counts from in vivo imaging (A) decreased 
rapidly during the feeding period (PLX) and rebounded quickly after 
withdrawal (stop). Kinetics in the brain (iba-1) were similar (B).

In vivo imaging vs histology
The count of microglia decreased from 1267 at baseline (A) to 31 
at 1 week (B). In the whole mount (C) only 19 cells are seen. Cells 
counted in excess in FAF are circled in blue (B). Depletion of brain 
microglia in section of the cortex (E). All pictures except control (D) 
are from the same mouse.
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Topical ROCK inhibitor Ripasudil (K-115) attenuates M1-like 
macrophages in the mouse model of oxygen-induced retinopathy
Muneo Yamaguchi1, Shintaro Nakao1, Iori Wada1, Yoshihiro Kaizu1, 
Shigeo Yoshida1, Tomoyuki Isobe2, Yoshio Kaneko2, 
Tatsuro Ishibashi1, Koh-hei Sonoda1. 1Ophthalmology, Kyushu 
University, Fukuoka-shi, Japan; 2Tokyo New Drug Research 
Laboratories, Kowa Company, Ltd., Tokyo, Japan.
Purpose: It has been reported that macrophages are made up of at 
least two phenotypes, classically activated macrophages (M1) and 
alternatively activated macrophages (M2), and the phenotypic change 
is known to contribute to the pathogenesis of various diseases. We 
previously reported a Rho-associated coiled coil–containing protein 
kinase (ROCK) inhibitor ripasudil (K-115) eye drop could cause 
vascular normalization in in the mouse model of oxygen-induced 
retinopathy (OIR). In this study, we investigated the impact of ROCK 
inhibitor ripasudil (K-115) eye drop on M1 and M2 macrophages in 
the model.
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Methods: Mice were reared in a 75±2% oxygen air from P7, and 
then moved into room air on P12. Then, a physiological saline 
solution or a 0.8% ripasudil ophthalmic solution was applied to 
both eyes 3 times daily for 5 days (P12–P16). Quantitative RT-PCR 
and immunofluorescence staining were used to assess the different 
macrophage markers at P 17.
Results: Quantitative RT-PCR showed various significant elevation 
of macrophages markers in OIR retina and significant reduced M1 
markers (CD80 and NOS2) in ripasudil-treated retina compared 
with saline-treated one (CD80; p=0.02 vs normal saline, NOS2; 
p<0.01 vs normal saline). Ripasudil did not show apparent impact 
on the expression of M2 marker CD206. Immunohistochemistry 
also confirmed the decreased number of CD80-positive M1-like 
macrophages in the avascular area of ripasudil-treated OIR retina.
Conclusions: Topical ripasudil treatment could attenuate M1-like 
macrophages in hypoxic retina.
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Aflibercept Intravitreal Injection for Myopic Choroidal 
Neovascularization
Joao J. Nassaralla1, Arthur A. Nassaralla2, Miguel H. Amaro4, 
João Jorge Nassaralla3. 1Retina and Vitreous, Instituto de Olhos de 
Goiania and UnB, Goiania, Brazil; 2Medicina, Faculdade de Medicina 
São Leopoldo Mandic, Campinas, Brazil; 3Faculdade de Medicina, 
UFG, Goiânia, Brazil; 4Retina e Vítreo, Instituto de Olhos e Laser de 
Belém, Belem, Brazil.

Purpose: To evaluate the clinical results of EYLEA® (aflibercept) 
intravitreal injection (RII) in choroidal neovascularization (CNV) 
secondary to pathologic myopia (PM-CNV).
Methods: 20 patients with subfoveal PM-CNV, were treated with 
of 2 mg (50microliters) RII. ETDRS best corrected visual acuity, 
macular thickness on OCT scans, and angiographic features were 
recorded and evaluated. The aspect of OCT scans passing across 
the PM-CNV was also analyzed. RII were repeated only in case of 
persistent angiographic leakage and if OCT scans showed retinal 
thickening or edema and serous retinal detachment. The follow-up 
period was at least 3 years.
Results: The mean age of the study patients was 28 years (21-37) 
and the mean refractive error -11.25 D. At 36 months post-treatment, 
mean VA increased from 20/100 (20/400 -20/40) to 20/50  
(20/200-20/30). Only 3 patients lost 35 letters due to macular 
atrophy; the other 7 increased or stabilized their VA. Mean macular 
thickness decreased from 352 to 230 μm. No ocular or general side 
effects were recorded.
Conclusions: These short-term results suggest that RII are effective 
and safe in patients with PM-CNV. The number of patients in this 
pilot study was limited and the follow-up is too short to make any 
specific treatment recommendations, but the favorable short-term 
results suggest further study is needed.
Commercial Relationships: Joao J. Nassaralla, None; 
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