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312 Neurodegeneration and Neuroprotection
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Exhibit/Poster Hall  Poster Session
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Organizing Section: Glaucoma

Program Number: 2532 Poster Board Number: A0122
Presentation Time: 8:30 AM–10:15 AM
Effect of axonopathy on dynamics of acidic organelle in the axon 
of primary cultured retinal ganglion cells
Seiji Miyake1, Yuji Takihara1, 2, Satoshi Yokota3, 1, 
Yoshihiro Takamura1, Masaru Inatani1. 1Faculty of Medical Sciences, 
University of Fukui, Yoshida-gun, Japan; 2Cancer Science Institute 
of Singapore, National University of Singapore, Medical Drive, 
Singapore; 3Graduate School of Medicine and Faculty of Medicine, 
Kyoto University, Kyoto, Japan.
Purpose: Glaucoma is characterized by the progressive loss of 
retinal ganglion cell (RGC) and its axon. However, molecular details 
of relationship between cell death and axonal degeneration remain 
poorly understood. We investigate the implication of dynamics of 
autophagy for RGC death under the axonal abnormality using live 
imaging in vitro.
Methods: RGCs were isolated from postnatal day 3 Sprague-
Dawley rats by immunopanning method. After 7 days culture, acidic 
organelles were stained by LysoTracker. Dynamics were quantified 
from kymographs. To induce axonopathy, colchicine was used. 
Axonal transport of acidic organelles was observed at 5 time points: 
before, and at 6, 24, 72, and 120 hours after colchicine stimulation. 
Ethidium homodimer-1 (EthD-1) was used to detect cell viability.
Results: Property of axonal transport of 27 RGCs (n = 363) 
was classified into 4 categories; anterograde (1.4%), retrograde 
(90%), stationary (8.0%), and fluttering (0.28%). At 6 hours after 
induction of axonopathy for 14 (n = 236) of 27 RGCs, movement 
of almost acidic organelles were stationary. All acidic components 
were completely stopped 24 hours later. At 72 hours since giving 
stimulation, axonal fragmentation, and shrinking and disappearance 
of soma were observed in 71% of RGC. Finally, remaining RGCs 
were positive for EthD-1. In the control (13 of 27 RGCs), transport 
was kept for 120 hours and EthD-1 positive RGCs were not observed.
Conclusions: RGC death followed by cease of axonal transport. 
These results suggested that functional disorder of autophagy 
through axonal damage is one of the causes of glaucomatous optic 
neuropathy.
Commercial Relationships: Seiji Miyake; Yuji Takihara, 
None; Satoshi Yokota, None; Yoshihiro Takamura, None; 
Masaru Inatani, None
Support: MEXT 26893100 and 16K20311

Program Number: 2533 Poster Board Number: A0123
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Physiologic Electrical Fields Direct Retina Ganglion Cell Neurite 
Growth
Kimberly K. Gokoffski1, 2, Xingyuan Jia2, Guohua Xia3, Min Zhao2. 
1Ophthalmology, USC Roski Eye Institute, Los Angeles, CA; 
2Ophthalmology and Vision Sciences, UC Davis, Sacramento, CA; 
3Psychiatry and Behavioral Science, University of California Davis, 
Sacramento, CA.
Purpose: Restoration of vision in patients with advanced optic 
neuropathies such as glaucoma requires regenerating the optic nerve 
(ON). The current rate-limiting step to ON regeneration is directing 
axons of newly transplanted cells to grow out of the retina to their 
distant targets. Much of the current effort to address this problem is 
aimed at recapitulating the molecular signals that directed ON growth 

during development. However, studies show that their presence alone 
is insufficient to support axon growth of transplanted retinal ganglion 
cells (RGCs).
There is much interest in the potential role for electrical fields (EFs) 
in serving as a neurotropic signal, promoting long distance axon 
growth. The effects of an electrical field (EF) on RGC growth, 
however, have never been tested before. Here, we demonstrate for 
the first time that RGC axons grow directionally towards the cathode 
when exposed to an EF.
Methods: Retina was isolated from post-natal mice and cultured 
in an electrotaxis apparatus. Eighteen hours after plating, retina 
was exposed to varying EF strengths. Time-lapsed microscopy was 
performed.
Results: In the absence of an EF, RGC neurites demonstrated 
indiscriminate directional growth from the tissue edge. Retinal 
cultures that were exposed to an EF of 200mV/mm, however, showed 
marked asymmetry in neurite growth: 81.2% were directed at the 
cathode, while 4.8% and 14.1% were directed towards the anode 
or perpendicular to the field, respectively (p<0.001). EF does not 
affect the length or rate of RGC axon growth. Interestingly, RGC 
axons responded acutely to changes in EF polarity by changing their 
direction of growth.
Conclusions: Here, we demonstrated that RGC neurites exhibit 
directional growth when exposed to an EF. The acuity with which 
RGC neurites respond to changes in EF polarity suggests that EFs 
exert direct neurotropic effects on neurite growth as opposed to 
controlling axon growth via secondary effects. The significance of 
this work lies in its potential to advance the field of ON regeneration. 
Application of exogenous cues such as electrical currents may be 
necessary to direct the growth of newly transplanted RGCs.

Figure 1. Retinal neurites grow directionally towards cathode.
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Figure 2: RGC axons acutely reverse direction of growth in response 
to change in EF polarity.
Commercial Relationships: Kimberly K. Gokoffski, None; 
Xingyuan Jia, None; Guohua Xia, None; Min Zhao, None

Program Number: 2534 Poster Board Number: A0124
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Cigarette smoke extract causes injury in primary retinal ganglion 
cells via apoptosis and autophagy
Kwanghyun Lee, Samin Hong, Gong Je Seong, Chan Yun Kim. 
department of ophthalmology, Yonsei College of Medicine, Seoul, 
Korea (the Republic of).
Purpose: Although the association between tobacco smoking and 
open-angle glaucoma has been reported, the mechanism of the impact 
of smoking on retinal ganglion cells remains controversial.
We studied whether smoking directly injures retinal ganglion cells 
(RGCs) and the mechanisms of cell death using cigarette smoke 
extract (CSE) and harvested primary rat RGCs.
Methods: Primary rat RGCs were harvested from three- or four-day-
old newborn rats and exposed to CSE. Cell viability was measured by 
adenosine 5′-triphosphate (ATP) assay. Apoptosis was evaluated by 
terminal deoxynucleotidyl transferase (TdT)-mediated deoxyuridine 
triphosphate (dUTP) nick end labeling (TUNEL) and real-time 
reverse transcription polymerase chain reaction (RT-PCR) for Bcl-2 
family. Autophagy was assessed by Western immunoblots for light 
chain (LC) 3B.
Results: After the primary RGCs were exposed to CSE for two 
hours, cell viability decreased in a dose-dependent manner. In 
the presence of 0.05% CSE, the RGC viability was 77.68±7.60% 
compared to the control cells; in the presence of 1.0% CSE, viability 
was 47.48±2.56% of the control cells. As determined by TUNEL, 
CSE increased the apoptotic RGCs in a dose-dependent manner. 
In the presence of 0.05% CSE, the apoptosis was 26.55±1.97% of 
the control cells; in the presence of 2.5% CSE, it was 41.07±3.75% 
of the control cells. RT-PCR revealed that exposure to 0.05% CSE 
resulted in significantly increased expression of Bcl-2 family that 
regulates apoptosis. Western immunoblots which was used to 
evaluate autophagy showed that exposure to 0.05% CSE significantly 
increased the expression of LC3B II.
Conclusions: CSE directly injures primary RGCs, and both apoptosis 
and autophagy mechanism seem to be related to this CSE-induced 
RGCs death.

Apoptosis was evaluated by terminal deoxynucleotidyl transferase 
(TdT)-mediated deoxyuridine triphosphate (dUTP) nick end labeling 
(TUNEL). Primary rat retinal ganglion cells (RGCs) were exposed to 
cigarette smoke extract (CSE) for 2 hours.

Apoptosis was evaluated by real-time reverse transcription 
polymerase chain reaction (RT-PCR) of the Bcl-2 family (A), and 
autophagy was assessed by Western immunoblots for light chain (LC) 
3B (B).
Commercial Relationships: Kwanghyun Lee, None; Samin Hong, 
None; Gong Je Seong, None; Chan Yun Kim, None
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Hydrogen sulfide protects retinal ganglion cells from cell death 
due to elevated hydrostatic pressure in vitro
Verena Prokosch-Willing1, Liu Hanhan1, Norbert Pfeiffer1, 
Franz H. Grus1, Solon Thanos2. 1University Eye Hospital Mainz, 
Mainz, Germany; 2Experimental Eye Institution, Mainz, Germany.
Purpose: Hydrogen sulfide (H2S) is a gas and neurotransmitter 
endogenously produced within endothelial cells. Recently, cell 
protective properties within the central nervous system and 
cardiovascular system have been proposed. Its role in glaucoma 
remains unknown. Purpose of our study was to 1) analyse the 
expression changes of H2S in an experimental animal glaucoma 
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model and 2) to analyze its potential neuroprotective effect on retinal 
ganglion cells (RGC) due to elevated pressure in vitro and in vivo.
Methods: Experimental glaucoma was induced in adult Sprague 
Dawley rats by vein cauterization (n=23). Changes in H2S and 
3-mercaptopyruvate expression within the retina was analyzed via 
label-free mass spectrometry in retina with elevated IOP. In vitro, 
organotypic retinal explants were cultured for two days without 
elevated pressure or under controlled elevated hydrostatic pressure 
with and without addition of GYY4137 (1 nM-10 μM), a slow-
releasing H2S donor to medium. H2S in the best concentration was 
injected intravitreally in animals with elevated IOP. RGC survival 
was measured by BRN3A staining. RNFL thickness and vessel 
diameters were measured in vivo by Spectralis-OCT (Heidelberg 
Engineering). Multiple comparisons were made by ANOVA. p< 0.05 
was set as statistically significant.
Results: IOP was significantly increased with a significant 
ganglion cell loss over time (p< 0.0001). H2S showed a 
significant downregulation after 7 weeks of elevated intraocular 
pressure compared to controls (p< 0.05) and 3-mercaptopyruvate 
sulfurtransferase a significant upregulation in retina of glaucomatous 
animals. Within the concentration range of 1 nM to 100 nM, 
GYY4137 could significantly improve RGC survival under elevated 
hydrostatic pressure in vitro (p< 0.005), while higher doses remained 
toxic. In vivo intravitreal addition of H2S preserved RGCs from IOP 
induced cell death. Vessel diameters around the optic nerve head 
measured by OCT appeared enlarged.
Conclusions: In this study, H2S gave evidence to be potentially 
neuroprotective in retinal explants and retina of glaucomatous 
animals. H2S appears to play a key role in experimental glaucoma 
and thus the administration of H2S could be a potential treatment 
approach in glaucoma therapy.
Commercial Relationships: Verena Prokosch-Willing, None; 
Liu Hanhan, None; Norbert Pfeiffer, None; Franz H. Grus, None; 
Solon Thanos, None
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Use of Human Stem Cell-derived RGCs to Study the Mechanism 
of Optineurin-associated Glaucoma
Arupratan Das1, Valentin Sluch2, Chung-ha O. Davis3, 
Nicholas Marsh-Armstrong3, Donald J. Zack1. 1Ophthalmology, Johns 
Hopkins School of Medicine, Baltimore, MD; 2Molecular Biology 
and Genetics, Johns Hopkins School of Medicine, Baltimore, MD; 
3Ophthalmology and Vision Science, University of California, Davis, 
CA.
Purpose: Glaucoma is a neurodegenerative disease of retinal 
ganglion cells (RGCs) leading to vision loss and, in some patients, 
ultimately to blindness. Optineurin (OPTN) mutants have been 
associated with normal tension glaucoma (NTG) in which there 
is RGC damage and cell loss without evidence of increased eye 
pressure. The E50K mutant allele of OPTN is associated with severe 
disease progression with reduction of retinal thickness and excavation 
of the optic nerve head. Moreover, the E50K mutation is associated 
with defects in mitochondrial quality control (MQC), which have 
been implicated in the pathogenesis of optic nerve degeneration. This 
study is based on the central hypothesis that OPTN-related glaucoma 
is due, at least in part, to a defect in MQC.
Methods: We have developed methods to differentiate and purify 
large amounts of human RGCs from pluripotent embryonic stem 
cells (hESCs). Purified RGCs derived from wild-type (WT), OPTN-/- 
and OPTN-E50K mutant hESCs are being used to study MQC by 
studying mitochondrial turnover (mitophagy) by flow-cytometry 
and mitochondrial metabolism by Seahorse technology (Agilent). 

Cellular defects in autophagosome formation around mitochondria 
in the E50K mutant are under investigation using high-resolution 
microscopy. RGC viability will be tested in the WT, OPTN-/- and 
E50K mutant cells with the goal of enhancing cellular life-span by 
rescuing the identified mitophagy defect in the OPTN mutants.
Results: To test above hypothesis we have developed flow based 
mitophagy assay and observed 50% reduction in mitochondrial 
amount in presence of the mitophagy inducer drug (5mM CCCP) and 
further observed significant reduction in mitochondrial metabolism at 
different doses of CCCP. Using CRISPR/Cas9 based method we have 
created OPTN-/- reporter hESC line, which is verified by PCR, and 
sequencing.
Conclusions: Using CRISPR based mutagenesis technique we 
are further developing OPTN-E50K mutant hESC reporter line to 
assess MQC in RGC. LC3B lipidation is a bona fide marker for 
autophagosome formation; hence selective mitochondrial autophagy 
(mitophagy) defects are under investigation by LC3B lipidation status 
and localization of autophagy markers such as PARKIN, PINK, P62 
and OPTN around mitochondria in the OPTN mutants. Such detailed 
molecular understanding will help identify novel therapeutic targets 
for the OPTN-related glaucoma.
Commercial Relationships: Arupratan Das, None; Valentin Sluch, 
None; Chung-ha O. Davis, None; Nicholas Marsh-Armstrong, 
None; Donald J. Zack, None

Program Number: 2537 Poster Board Number: A0127
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Abnormal RGC development and mRNA expression associated 
with primary open angle glaucoma patient-specific induced 
pluripotent stem (iPS) cells
Iqbal Ahmad1, R Rand Allingham2, Pooja Teotia1. 1Ophthalmology & 
Visual Sciences, Univ of Nebraska Medical Ctr, Omaha, NE; 2Duke 
Eye Center, Durham, NC.
Purpose: Glaucoma involves irreversible degeneration of retinal 
ganglion cells (RGCs). Since glaucoma is a late onset disease, our 
knowledge about the mechanism that makes these cells susceptible to 
the disease remains speculative. To address this gap in our knowledge 
we are characterizing RGC development in disease in a dish model 
of primary open angle glaucoma, associated with the SIX6 risk 
allele (Asn141His). Here, we demonstrate differential transcriptional 
profiles accompanying abnormalities in SIX6 risk allele-related RGC 
development.
Methods: Cells from independent biological replicates/clone, 
undergone directed RGC differentiation, were analyzed for 
phenotype and harvested at the retinal progenitor cell (RPC) and 
RGC differentiation stages for RNAseq analysis. The differentially 
expressed genes with the FPKM mapped reads (P<0.05) were 
submitted to enrichment analyses based on the Gene Ontology (GO) 
and Kyoto Encyclopedia of Genes and Genomes (KEGG) databases. 
Principal component and hierarchical clustering analysis were 
performed to analyze inter and intra-patient clone variations.
Results: Examination of neural development revealed the following 
differences in SIX6Asn141His iPSCs versus control iPSCs: inefficient 
generation of neural rosettes (% neural rosettes; p=0.009, fewer 
RPCs (% RX+Pax6+ cells p=0.0077), RGCs having shorter and less 
complex neurites (number of intersections, p=0.0114) and displaying 
immature electrophysiological properties (strength of depolarization 
to open Na+ channels, p<0.005). Accompanying these differences 
were several dysregulated genes involved in neural rosette, eye field 
specification, RGC differentiation, and axon guidance. Differentially 
expressed genes based on GO and KEGG analyses identified 
biological processes and pathways consistent with mechanisms 
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involved in the regulation of neurogenesis, tube development, 
neuritogenesis, metabolic pathways, and axon guidance.
Conclusions: Both RGC development and stage-specific 
transcription profiles appear to be dysregulated in SIX6Asn141His iPSCs, 
compared to controls. This information constitutes the first step 
toward understanding the mechanism underlying the possible RGC 
susceptibility in POAG.
Commercial Relationships: Iqbal Ahmad, None;  
R Rand Allingham, None; Pooja Teotia, None
Support: UNMC fund
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Presentation Time: 8:30 AM–10:15 AM
Delayed RGC death and persistent JNK activation following 
optic nerve injury in BAX deficient mice
Ryan Donahue, Joshua Grosser, Margaret Maes, Robert W. Nickells. 
Department of Ophthalmology, University of Wisconsin - Madison, 
Madison, WI.
Purpose: Following optic nerve crush (ONC), retinal ganglion cell 
(RGC) apoptosis occurs within 7 days in wild-type C57BL/6 mice 
and never occurs in Bax-/- mice. Understanding how BAX dosage 
affects when apoptosis occurs is critical for developing an anti-BAX 
therapeutic to prevent loss of RGCs in optic neuropathy. To that end, 
we tested the hypothesis that RGCs in Bax+/- mice would experience a 
delay cell death following ONC.
Methods: RGC loss in Bax+/- mice was assessed by cell counts 
of DAPI stained whole-mounts at various times from 3-12 weeks 
following ONC. Cell loss was measured as the fraction of cells in 
the damaged (OS) eye relative to the contralateral (OD) eye. The 
JNK-JUN pathway has been associated with activating BAX in 
RGCs following ONC. To explore if this pathway was continuously 
activated post crush in Bax+/- mice, we used immunofluorescence 
to assess phospho-c-JUN accumulation in the nuclei of RGCs. 
Bax+/- mice underwent ONC and were collected 1, 3 or 7 weeks 
later. Retinas were fixed in 4% PFA, sucrose cryoprotected and then 
eye cups were cryosectioned and stained for the RGC transcription 
factor, BRN3A, and for an end product of JNK pathway activation, 
phospho-c-JUN.
Results: After ONC, Bax+/- retinas began to exhibit statistically 
significant cell loss at 8 weeks and by 12 weeks exhibited only a 
12% loss of cells. Following ONC, phospho-c-JUN co-localized 
with BRN3A in 83%, 55% and 68% of BRN3A positive cells at 
1, 3 and 7 weeks respectively, indicating that this pathway was 
persistently activated. We are currently interrogating the apoptotic 
activation mechanism months after ONC by viral reintroduction of an 
exogenous BAX protein into the RGCs of Bax-/- mice.
Conclusions: BAX deficiency delays cell loss following ONC. 
Despite this, the apoptosis associated JNK pathway appeared to 
remain activate in RGCs for months after acute injury. Together, 
these findings demonstrate that a BAX therapeutic likely needs to be 
permanent to prevent the loss of damaged RGCs.
Commercial Relationships: Ryan Donahue, None; 
Joshua Grosser, None; Margaret Maes, None; Robert W. Nickells, 
None
Support: R01EY012223, P30EY016665, Research to Prevent 
Blindness

Program Number: 2539 Poster Board Number: A0129
Presentation Time: 8:30 AM–10:15 AM
Overexpression of histone deacetylase 3 (HDAC3) induces 
apoptosis in differentiated retinal neurons
Heather M. Schmitt1, Cassandra Schlamp1, Huan Yang2,  
Lian-Wang Guo2, Robert W. Nickells1. 1Ophthalmology, University of 
Wisconsin-Madison, Madison, WI; 2Surgery, UW-Madison, Madison, 
WI.
Purpose: Histone deacetylase 3 (HDAC3) activity selectively 
induces apoptosis in differentiated neurons, but the mechanism for 
this selectivity is unknown. Importantly, HDAC3 has been found to 
play a major role in retinal ganglion cell (RGC) death after axonal 
injury. This study tests the hypothesis that overexpression of Hdac3 
in mouse retinal neurons leads to cell-specific toxicity and that this 
phenomenon is dependent upon cell differentiation state.
Methods: Mouse 661W retinal precursor cells were nucleofected 
with Hdac3-mCherry, or HDAC3-FLAG, 24 hours prior to 
differentiation with 316nM staurosporine (STSN). All cells were then 
fixed at 0, 6, 12, and 24 hours post STSN addition to assess metrics of 
nuclear atrophy and apoptosis using immunofluorescence microscopy 
and live cell imaging. BAX activation was assessed by localization 
of a GFP-BAX fusion protein. Bax-dependency was evaluated on 
cells with mutated Bax using CRISPR/Cas9 and p53 dependency 
was evaluated in cells expressing a temperature sensitive mutant 
and a p53 promoter-Luciferase construct. Chromatin condensation 
was monitored using a mCherry-H2B fusion protein. C57BL/6 
mice were given intravitreal injections of 1x109 units of AAV2-pgk-
Hdac3mCherry virus 3, 4, and 5 weeks prior to assessing changes in 
RGC health.
Results: Hdac3 overexpression was achieved in 61.85% of 661Ws 
by 24 hours after nucleofection. Differentiated cells expressing 
Hdac3 exhibited significantly more activated BAX in comparison 
to undifferentiated cells (p=0.032), which was followed closely 
by chromatin condensation. Deletion of the Bax gene from these 
cells significantly reduced the level of Caspase-3 activation in 
response to HDAC3 expression (p=0.008). Both differentiated 
and undifferentiated groups exhibited altered p53-dependent gene 
expression. Experiments to test toxicity in response to overexpression 
of Hdac3 in-vivo are ongoing.
Conclusions: Hdac3 overexpression leads to BAX activation, 
chromatin condensation, and apoptosis only in differentiated cells. 
This process is likely Bax-dependent, but the requirement for p53-
mediated gene expression remains unresolved. Further investigation 
is needed to identify the mechanism by which HDAC3 stimulates 
neuronal apoptosis both in-vitro and in-vivo.
Commercial Relationships: Heather M. Schmitt, None; 
Cassandra Schlamp, None; Huan Yang, None; Lian-Wang Guo, 
None; Robert W. Nickells, None
Support: NEI R01 EY012223, P30 EY016665, Research to Prevent 
Blindness, CMP-NIH T32
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MicroRNA-761 regulates programmed necrosis of retinal 
ganglion cells through targeting FADD
Bing Jiang1, Lili Xie1, Mao Mao2. 1Ophthalmology, The 2nd 
Xiangya Hospital, Central South University, Changsha, China; 
2ophthalmology, Univ of California, SF Sch of Med, SF, CA.
Purpose: Programmed necrosis is involved in progression of various 
diseases including degenerative eye diseases such as glaucoma. 
Recent studies have demonstrated that programmed necrosis is 
dependent on activation of receptor-interacting serine/threonine-
protein kinases, RIPK1 and RIPK3 which may be negatively 
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regulated by Fas-associated protein with death domain (FADD). 
MicroRNAs plays important roles in degenerative eye diseases, and 
the purpose of this study was to determine if microRNA-761 can 
regulate RIPK1- and RIPK3-dependent necrosis through targeting 
FADD in retinal ganglion cells (RGCs).
Methods: To induce programmed necrosis of RGCs in vitro and 
in vivo, primary mouse RGCs were treated with H2O2 and optic 
nerve crush (ONC) injury was performed in adult C57BL/6 mice. 
Apoptosis/necrosis was tested using the Annexin V/PI staining 
and TUNNEL/PI staining. Moreover, the dual luciferase assay 
was performed to test if microRNA-761 could regulate the FADD 
promoter activity and microRNA-761 mimics or inhibitors were 
transfected and the mRNA and protein levels of FADD were 
quantified to test if microRNA-761 can regulate FADD expression. 
Finally, whether the interaction of RIPK1 and RIPK3 can be 
influenced by the expression of FADD was tested through co-
immunoprecipitation in the cellular model.
Results: Our results showed that the apoptosis rate of RGCs was 
51.2% when they were treated with 700μmol/L H2O2 for 24h. The 
necrosis rate was 89.1% when RGCs were treated with 900μmol/L 
H2O2 for 48h and the protein expression of FADD was significantly 
down-regulated, whereas the mRNA expression of FADD was 
up-regulated (p<0.01). Also, RGCs necrosis occurred in the mouse 
ONC model and the protein expression of FADD was significantly 
decreased (p<0.05) after 17 day of injury. Furthermore, up-regulation 
the expression of FADD could significantly decrease the necrosis rate 
of RGCs in both the cellular model and mouse ONC model (p<0.01). 
Finally, we also demonstrated that microRNA-761 could directly 
regulate FADD expression and FADD overexpression could inhibit 
the formation of RIPK1 and RIPK3 complexes in RGCs.
Conclusions: Our results reveal a novel model of RGC necrosis 
regulation, which is composed of microRNA-761 and FADD. 
Modulation of their expression levels may provide a new approach to 
prevent RGCs necrosis.

RGCs necrosis occurred in cell culture model and mouse ONC model

microRNA-761 regulates FADD expression.
Commercial Relationships: Bing Jiang, None; Lili Xie, None; 
Mao Mao, None

Program Number: 2541 Poster Board Number: A0131
Presentation Time: 8:30 AM–10:15 AM
Retinal ganglion cell dendritic pruning in glaucoma is associated 
with early increased excitation
Michael L. Risner, Silvia Pasini, David J. Calkins. Ophthalmology 
and Visual Sciences, Vanderbilt University Medical Center, 
Nashville, TN.
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Purpose: Glaucoma is linked to aging and sensitivity to 
intraocular pressure (IOP) that results in retinal ganglion cell 
(RGC) degeneration. A critical issue to resolve is the relationship 
between morphological and physiological events that occur early 
in progression, prior to outright degeneration of RGCs. Our goal in 
this study was to test how dendritic changes of distinct RGC types 
relate to physiological excitation, axonal transport to the brain, and 
correlative neurochemical changes in synaptic architecture.
Methods: In adult C57 mice IOP was increased by injecting 
microbeads into one eye and saline into the other eye. Following 
2 or 4 weeks IOP elevation, brain and retinas were harvested. To 
assess RGC transport of cholera toxin subunit B coronal slices of 
the midbrain were made and sections of the superior colliculus were 
imaged. RGCs were filled with dye to recover morphology, whole-
cell patch clamped while presenting flashes of light to measure RGC 
function, and immunolabeled for non-phosphorolated neurofilament 
H (NFH). RGCs were typified based on light response, dendritic 
stratification, and NFH labeling. Finally, retinal sections were 
labeled for the presynaptic ribbon synapse protein, RIBEYE, and 
postsynaptic protein PSD95.
Results: Microbead occlusion increased IOP 30% above control 
(ctrl=39, 2,4wks=38, p<0.05). After 2 weeks of elevated IOP, 
transport to the SC decreased by 40% (ctrl=4, 2wk=7, p<0.05), 
indicating early axonopathy. Elevated IOP caused a decrease in 
dendritic field size and complexity in many RGC types (ON-OFF/
ON (ctrl=24, 2wk=14, 4wk=17), ONS (ctrl=14, 2wk=9, 4wk=14), 
OFFT (ctrl=14, 2wk=4, 4 wk=8; p<0.05) at both time points. After 
2 weeks elevated IOP RGCs showed no change in light-driven input 
current while light-evoked spike output increased for most RGC 
types (ON-OFF/OFF, ONS, OFFS (ctrl=9, 2wk=10, 4wk=6), OFFT, 
p<0.05). After 4 weeks of elevated IOP light-evoked input current 
decreased in OFFT and ON-OFF RGCs (p<0.05) and light-driven 
spike rate decreased for most RGCs (OFFT, ONS, ON-OFF/ON, 
p<0.05). Elevated IOP increased retinal RIBEYE at 2 weeks (ctrl=7, 
2wks=7, p<0.05) with no change in PSD95 observed. After 4 weeks 
of elevated IOP we found no change in RIBEYE and a decrease in 
PSD95 (ctrl=6, 4wks=6, p<0.05).
Conclusions: RGC dendritic pruning due to increased IOP is 
associated with an early increase in excitation that is independent of 
ON vs OFF stratification.
Commercial Relationships: Michael L. Risner, None; 
Silvia Pasini, None; David J. Calkins, None
Support: R01EY024997 (DJC), P30EY008126 (VVRC)

Program Number: 2542 Poster Board Number: A0132
Presentation Time: 8:30 AM–10:15 AM
RGC subtype specific death in acute and chronic models of 
glaucoma
Steffi Daniel1, Michael G. Anderson2, Abbot F. Clark1, 
Colleen M. McDowell1. 1University of North Texas Health Science 
Center, Fort Worth, TX; 2University of Iowa, Iowa City, IA.
Purpose: Glaucoma is a group of optic neuropathies that causes 
cupping of the optic disc, retinal ganglion cell (RGC) loss, and visual 
field defects. To investigate individual RGC subtype susceptibility 
to glaucomatous damage, we utilized the optic nerve crush (ONC) 
mouse model and the B6.Sh3pxd2bnee mouse model of congenital 
glaucoma.
Methods: We utilized transgenic mouse strains that selectively 
express GFP in individual RGC subtypes: CB2-GFP (express 
GFP in transient OFF-alpha RGCs), TRHR-GFP (express GFP in 
On-Off direction selective RGCs), and CDH3-GFP (express GFP 
in junction adhesion RGCs). We used OPN4 immunolabeling to 
evaluate intrinsically photosensitive RGCs (ipRGCs). ONC was 

performed unilaterally, with the contralateral eye serving as a 
control. RGC damage was evaluated at 0, 1, 3, 7, and 14 days post 
ONC. B6.Sh3pxd2bnee mice and B6.Sh3pxd2bnee mice containing the 
Trhr-GFP transgene were assessed for damage at post-natal days 30, 
60, 75, and 90 using WT littermates as control. RGC damage was 
assessed using the GFP, OPN4, and NeuN biomarkers.
Results: Subtype specific RGCs show significant differences in 
cell survival within each time point after ONC (p<0.0001). Using 
K-M survival analysis, the median cell survival (time point at 
which 50% of the cells are lost) is as follows: Total RGCs=10 days, 
TRHR-RGCs=3 days, CDH3-RGCs=5 days, ipRGCs=7 days. In 
the congenital model, MUT mice exhibited significant differences 
in percent cell survival of total RGCs at 60 days (67.4±8.5%; 
n=4-6; p<0.0001), 75 days (23.7 ± 3.6%; n=4-6; p<0.0001), and 90 
days (15.9 ± 8.2%; n=4; p<0.0001) compared to WT. Significant 
differences in the percent cell survival of GFP positive RGCs was 
observed in MUT mice containing the Trhr-GFP transgene at 30 
days (55.1±15%; n=4-6; p=0.0017), 60 days (16.5±4.6%; n=4-
6; p<0.0001), 75 days (10.9±3.0%; n=4; p<0.0001), and 90 days 
(5.8±7.2%; n=4; p=0.013) when compared to WT. Upon K-M 
analysis in this model, median cell survival for total RGCs=75 days 
and for TRHR-RGCs=60 days. We have also established a protocol to 
visualize damage in the optic nerve and brain via tissue clearing and 
3D visualization techniques.
Conclusions: These studies demonstrate differences in individual 
RGC subtype susceptibilities to glaucomatous insults. These data 
offer valuable information to develop tools for early detection of the 
disease as well as novel neuroprotective and therapeutic targets.
Commercial Relationships: Steffi Daniel, None; 
Michael G. Anderson, None; Abbot F. Clark, None; 
Colleen M. McDowell, None
Support: Knights Templar Eye Foundation
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Effects of optic nerve crush and ocular hypertension on the 
reflectance spectrum and cytostructure of the retinal nerve fiber 
layer of rats
Xiang-Run Huang, Wei Kong, Ye Z. Spector, Jianzhong Qiao. 
University of Miami, Bascom Palmer Eye Institute, Miami, FL.
Purpose: Animal models of optic nerve crush (ONC) and 
ocular hypertension (OHT) are commonly used to study axonal 
degeneration. Both models lead to retinal ganglion cell (RGC) 
death. The details of RGC injury, however, are different. This study 
reports the effects of ONC and OHT on the optical properties and 
cytostructure of the retinal nerve fiber layer (RNFL).
Methods: ONC or OHT was induced in one eye of each Wistar 
rat. The contralateral eye was untreated. Both retinas of an animal 
were studied at one to four weeks after ONC or OHT treatment. The 
reflectance spectra (Srefl) of RNFL were measured at 400 – 830 nm 
and normalized for comparison. Srefl of normal RNFL was obtained 
from previous studies. Axonal cytoskeleton, F-actin, microtubules 
(MTs) and neurofilaments (NFs), were evaluated with confocal 
microscopy.
Results: Twelve rats with ONC and 14 rats with OHT were studied. 
Both models produced changes in the cytoskeleton and Srefl of the 
RNFL. In the ONC groups, all treated retinas showed distortion 
of axonal F-actin across the retina and the severity of distortion 
increased with survival days after ONC. Distortion of MTs and 
NFs occurred later than F-actin. The Srefl of ONC eyes was either 
nearly normal or changed at short wavelengths (Fig. C). In the 
OHT groups, cytoskeletal distortion was also found in all treated 
eyes. The distortion, however, was sectorial with the severity of 
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distortion varying within the same retinas. Change of the Srefl of 
OHT eyes occurred either at short wavelengths only (Fig. F) or at 
all wavelengths. Major differences were as follows: 1) in ONC rats 
the untreated contralateral eyes also showed F-actin distortion while 
in OHT rats they showed no apparent structural change (Fig. B and 
E), 2) the Srefl of the untreated eyes in ONC rats may change while 
the Srefl of the untreated eyes in the OHT rats was similar to the 
normal (Fig. C and F), and 3) in ONC rats change of Srefl was similar 
along bundles while in OHT rats change of Srefl was different along 
bundles, with change more prominent near the optic nerve head.
Conclusions: Untreated contralateral eyes in the ONC model 
cannot be used as controls to study RNFL optical properties. The 
mechanisms underlying change of RNFL reflectance may be different 
in the ONC and OHT models.

Commercial Relationships: Xiang-Run Huang, None; Wei Kong, 
None; Ye Z. Spector, None; Jianzhong Qiao, None
Support: NIH Grant EY019084
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Persistent Changes in Optic Nerve Head (ONH) Gene Expression 
Following an Elevated Intraocular Pressure Event
Diana C. Lozano1, Dongseok Choi1, 2, Hari Jayaram1, 3, 
William O. Cepurna1, Tiffany E. Choe1, Lauren Davis1, 
Shandiz Tehrani1, Elaine C. Johnson1, John C. Morrison1. 
1Ophthalmology, Oregon Health & Science University, Portland, 
OR; 2School of Public Health, Oregon Health & Science University, 
Portland, OR; 3NIHR Moorfields Biomedical Research Centre, 
London, United Kingdom.
Purpose: To determine if an 8 hour period of controlled elevation 
of intraocular pressure (CEI) produces persistent gene expression 
changes in the rat ONH.
Methods: Anesthetized rats were exposed unilaterally to an 
8-hour CEI at 60 mm Hg and physiological parameters monitored 
throughout the experiment. Optic nerves were collected and 
graded for injury on a scale from 1 (normal) to 5 (>50% of axons 
degenerating). ONH RNA was extracted, libraries prepared and 
gene expression compared between naïve (n = 8) and 10-day post-
CEI ONH (n=6) using RNA-seq. Sequenced data were mapped to 
the UC Santa Cruz genome (version rn 6) and unique reads were 
normalized by the trimmed mean of M-values method. A generalized 
linear model method with likelihood ratio tests was used to identify 
differentially expressed genes. All statistical computations were 
made using the Bioconductor packages in R-statistical language. 

Genes with false discovery adjusted p-value <0.05 were considered 
statistically significant. DAVID Bioinformatics tools were used to 
identify significant gene clusters (enrichment score > 1.3).
Results: Mean CEI optic nerve injury grade was 1.95 ± 0.42 
(approximately 12% of axons degenerating), compared to 1.01 ± 0.01 
in naïve nerves. In CEI ONH, there were 235 significantly regulated 
genes (104 up and 131 down) compared to naïve. Significantly 
upregulated clusters included extracellular, immune, responses to 
stimuli, cell proliferation, angiogenesis, and various regulatory 
processes. Axonal cytoskeletal and synaptic cell compartments and 
signaling dominated in down regulated gene clusters, which also 
included lipid biosynthesis. Although only a small portion of axons 
appeared to be degenerating, axonal messages at 10 days were 
decreased by an average of 45%.
Conclusions: Significantly altered ONH gene expression responses 
persist at 10 days following a single exposure to a period of IOP 
elevation that is survived by most optic nerve axons. This suggests 
the presence of long-term changes in the microenvironment of the 
ONH. Such changes may increase or decrease axonal sensitivity to 
subsequent IOP insults, and shed light on the role of fluctuating IOP 
in glaucoma.
Commercial Relationships: Diana C. Lozano, None; 
Dongseok Choi, None; Hari Jayaram, None; William O. Cepurna; 
Tiffany E. Choe, None; Lauren Davis, None; Shandiz Tehrani, 
None; Elaine C. Johnson, None; John C. Morrison, None
Support: NIH-RO1EY010145, NIH-2P30EY010572, Research to 
Prevent Blindness, The US-UK Fulbright Commission-Fight for 
Sight; The Special Trustees of Moorfields Eye Hospital
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Optic Nerve Head (ONH) Gene Expression Following Optic 
Nerve Transection vs an Ischemic Event
John C. Morrison1, Dongseok Choi1, 2, Hari Jayaram1, 3, 
William O. Cepurna1, Tiffany E. Choe1, Lauren Davis1, 
Shandiz Tehrani1, Elaine C. Johnson1, Diana C. Lozano1. 
1Ophthalmology, Oregon Health & Science University, Portland, 
OR; 2School of Public Health, Oregon Health & Science University, 
Portland, OR; 3NIHR Moorfields Biomedical Research Centre, 
London, United Kingdom.
Purpose: To identify ONH gene expression changes following 
optic nerve transection vs partial ischemia (elevated IOP with low 
perfusion pressure).
Methods: Anesthetized rats underwent either (1) unilateral orbital 
optic nerve transection or (2) an 8-hour controlled elevation of IOP 
(CEI) at 60 mm Hg plus experimentally reduced blood pressure to 
produce partial ONH ischemia (CEI-ischemia). RNA-seq was used 
to compare expression 3 days following injury to that in naive ONH 
(N=8/group). RNA was extracted, individual libraries prepared, and 
sequences mapped to the UC Santa Cruz rat genome. Differentially 
expressed genes were identified based on trimmed mean of M-value 
(TMM) normalized reads. Statistical computations used Bioconductor 
packages and R-statistical language. Expression changes >2 fold with 
FDR adjusted p-values <0.05 were considered statistically significant. 
Significant gene clusters (enrichment score > 1.3) were discovered 
using DAVID Bioinformatics tools.
Results: Transection yielded 713 up- and 384 down-regulated genes. 
Upregulated clusters were dominated by immune response and cell 
proliferation. Downregulated gene clusters included synapse,  
ligand-receptor interaction, and visual perception. CEI-ischemia 
[baseline mean arterial pressure reduced by 25 ± 5 (SEM) mm 
Hg (P = .002)], produced 265 up- and 56 down-regulated genes. 
Upregulated clusters were dominated by cell proliferation, immune 
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response, and angiogenesis. Downregulated clusters included 
chemical synaptic transmission and ion transmembrane transport. 
Both models shared many gene clusters. However, compared 
to transected ONH, CEI-ischemia ONH had: (1) twice as many 
upregulated cell proliferation clusters (51% to 21%), (2) fewer 
upregulated immune clusters (6% to 24%) and (3) fewer (8% to 32%) 
downregulated neural clusters.
Conclusions: While both injuries activate many common gene 
functions and upregulated genes dominate, there are differences 
between the responses. The severe optic nerve trauma of transection 
enhances immune-related ONH injury responses. In contrast, with 
CEI-ischemia, ONH glial proliferation predominates and the specific 
astrocytic and axonal functions of membrane transport and synaptic 
support are reduced. These analyses will aid interpretation of future 
gene expression responses following CEI events in which apparently 
adequate capillary perfusion is maintained.
Commercial Relationships: John C. Morrison, None; 
Dongseok Choi, None; Hari Jayaram, None; William O. Cepurna, 
None; Tiffany E. Choe, None; Lauren Davis, None; 
Shandiz Tehrani, None; Elaine C. Johnson, None; 
Diana C. Lozano, None
Support: NIH-RO1EY010145, NIH-2P30EY010572, Research to 
Prevent Blindness, The US-UK Fulbright Commission-Fight for 
Sight; The Special Trustees of Moorfields Eye Hospital
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Simultaneous Integrative Analysis of MicroRNA(miR) & Gene 
Expression to Contrast Optic Nerve Head(ONH) Responses to 
Optic Nerve Transection(ONT) with a Controlled Elevation of 
IOP(CEI)
Hari Jayaram1, 2, Diana C. Lozano2, Dongseok Choi2, 3, 
Tiffany E. Choe2, William O. Cepurna2, Elaine C. Johnson2, 
John C. Morrison2. 1NIHR Moorfields Biomedical Research Centre, 
London, United Kingdom; 2Casey Eye Institute, Oregon Health 
and Science University, Portland, OR; 3Public Health & Preventive 
Medicine, Oregon Health & Science University, Portland, OR.
Purpose: To characterize and contrast the early biological ONH 
responses between ONT & CEI by integrating miR Array and  
RNA-Seq data.
Methods: Rats underwent unilateral optic nerve transection (ONT)
(n=8) and were sacrificed 3 days later. Another group, also sacrificed 
at 3 days, underwent unilateral exposure to an 8-hour CEI at 
60mmHg(n=8). Total RNA was extracted from all ONHs and from 
naïve controls(n=10).
MiR expression was studied with Array Cards & differential 
expression identified by ΔΔCt after global normalization. Statistical 
comparison was performed using a 2-tailed t-test. Within the 
same ONH, gene expression was studied by RNA-Seq. Data 
were mapped to the UC Santa Cruz rat genome with unique reads 
normalized by the trimmed mean of M-values. A generalized linear 
model with likelihood ratio tests identified differentially expressed 
genes(compared to controls). Genes & miRs with adjusted p<0.05 
stratified for fold changes >±2 were considered significant.
Computationally-predicted gene targets of dysregulated miRs were 
integrated with RNA-Seq data to identify anti-correlated gene-miR 
pairs. Functional enrichment studies were performed by computing 
overlaps of the integrated data with hallmark gene sets using the 
Molecular Signatures Database.
Results: 3 down & 15 upregulated miRs, compared to controls, 
were identified after ONT(Fig 1). A mean of 44 anti-correlated pairs 
corresponding to increased gene activity(gene↑miR↓) were noted. 
These included cell proliferation, inflammatory responses, apoptosis 

and IL-2/Stat5 signaling. Reduced biological activity(5 pairs, 
gene↓miR↑) post-ONT was consistent with reduced axonal function 
and cell differentiation.
4 down & 8 upregulated miRs were identified after CEI(Fig 2), with 
a mean of 5(gene↑miR↓) & 3(gene↓miR↑) anti-correlated pairs. 
Reduced axonal function was seen in CEI ONHs.
The 9-fold difference in anti-correlated gene-miR pairs corresponding 
to increased activity(gene↑miR↓) suggests more active responses 
develop post-ONT than after CEI.
Conclusions: Functional integration of anti-correlated miR-mRNA 
pairs suggests that ONT and CEI create different biological responses 
within the ONH. Understanding the dynamic nature of these paired 
responses as injury develops following CEI will advance our 
understanding of the complex pathophysiology of glaucomatous optic 
neuropathy.



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.
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Optic Nerve Head (ONH) TGF-β in a Spontaneous Large Animal 
Glaucoma Model
Gillian J. McLellan1, 2, Kazuya Oikawa1, 2. 1Ophthalmology & 
Visual Sciences, University of Wisconsin-Madison, Madison, WI; 
2McPherson Eye Research Institute, Madison, WI.
Purpose: TGF-β has been widely implicated as playing a key role in 
pathologic fibrosis and gliosis associated with ONH remodeling and 
axon loss in human glaucoma patients and in monkey experimental 
glaucoma, but increased expression of this cytokine has not been a 
consistent finding in rodent models. The purpose of our study was 
to determine if ONH TGF-β expression is increased in recessively 
inherited feline congenital glaucoma (FCG), a model with ONH and 
lamina cribrosa (LC) structure similar to humans.
Methods: Relative intensities of immunofluorescence (IF) labeling 
of TGF-β2, normalized to negative controls, were compared in the 
retinal nerve fiber layer (RNFL), and anterior, LC and retro-laminar 
regions of the ONH, in cryosections from five adult and four 3mo 
FCG cats (homozygous for LTBP2 mutation) and from four adult 
and three 3mo normal, wt cats. Equal amounts of ONH proteins from 
an additional three FCG and four normal wt adult cats, as well as an 
adult cat treated in vivo with an oral AT-1 blocker, were separated on 
SDS-PAGE gels, with appropriate controls, and transferred to PVDF 

membranes for semi-quantitative immunoblotting (normalized to 
loading control). Values were compared between groups, by region 
and by age (unpaired t-test; Bonferroni corrected p values <0.0125 
considered significant)
Results: Intensity of IF-labeling for TGF-β2 was significantly higher 
in all regions of the ONH in adult cats with FCG compared to age-
matched, wt controls. Immunoblotting results were consistent with 
these IF data. An approximately four-fold increase in ONH TGF-β2 
expression relative to normal subjects was consistently observed 
in adult FCG cats. Oral AT-1 blockade mitigated this glaucoma-
associated increase in ONH TGF-β2. No significant increase in 
ONH TGF-β2 was observed in 3mo cats with FCG compared to wt 
controls. Expression of TGF-β2 was lower in 3mo cats than in adult 
cats, regardless of their glaucoma status.
Conclusions: Our data support a role for TGF-β2 in the pathobiology 
of glaucomatous optic neuropathy. Elevated TGF-β2 was not a 
prominent feature of early disease. Initial results suggest that chronic 
FCG represents a valuable, “large eyed”, translational model in which 
to study therapeutic strategies that target TGF-β expression and 
signaling in the glaucomatous ONH.
Commercial Relationships: Gillian J. McLellan, None; 
Kazuya Oikawa, None
Support: BrightFocus Foundation, Research to Prevent Blindness, 
NIH Grant P30 EY016665, JASSO
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Establishment of conditionally immortalized mouse optic nerve 
astrocyte line
Yang Liu, Gaurang C. Patel, Weiming Mao, Abbot F. Clark. North 
Texas Eye Research Institute, University of North Texas Health 
Science Center, Fort Worth, TX.
Purpose: Optic nerve astrocytes play a major role in axonal 
degeneration and regeneration. Astrocyte lines are an important tool 
to elucidate the cellular mechanisms responsible. In this study, we 
established a conditionally immortalized mouse optic nerve astrocyte 
line.
Methods: Astrocytes were cultured from explants obtained from 
postnatal day 5-7 H-2kb-tsA58 transgenic mouse optic nerves. Cells 
were cultured in defined astrocyte culture medium under permissive 
(33°C) or non-permissive (38.5°C) temperature with or without the 
presence of interferon-γ (IFN-γ). Astrocytes were characterized by 
immunocytochemistry staining using antibodies against glial fibrillary 
acidic protein (GFAP) and neural cell adhesion molecule (NCAM). 
Cell proliferation rates were determined by cell growth curves and 
percentage of Ki67 positive cells. Karyotyping was performed 
to validate the mouse origin of established cell line. Conditional 
immortalization was assessed by western blot-determined expression 
levels of SV40 large T antigen (TAg), p53, GFAP and NCAM in 
non-permissive culture conditions. In addition, phagocytic activity of 
immortalized cells was determined by flow cytometry-based pHrodo 
florescence analysis.
Results: After 5 days in culture, cells migrated out from optic nerve 
explants. Immunocytochemistry staining showed that migrating 
cells expressed astrocyte makers, GFAP and NCAM. In permissive 
conditions, astrocytes had increased expression levels of TAg and 
p53, a greater cell proliferation rate as well as a higher percentage 
of Ki67 positive cells (n=3, p<0.05) compared to cells cultured in 
non-permissive conditions. One cell line (named ImB1ON) was 
further maintained through 60 generations. Karyotyping showed 
that ImB1ON was of mouse origin. Flow cytometry-based pHrodo 
florescence analysis demonstrated phagocytic activity of ImB1ON 
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cells. Non-permissive culture conditions decreased expression of p53 
and TAg in ImB1ON, and increased expression of GFAP and NCAM.
Conclusions: A conditionally immortalized mouse optic nerve 
astrocyte line was established. This cell line provides an important 
tool to study astrocyte biological processes.
Commercial Relationships: Yang Liu, None; Gaurang C. Patel, 
None; Weiming Mao, None; Abbot F. Clark, NiCox Research 
Institute (F), Reata Pharmaceuticals (F), Western Commerce (C)
Support: NEI Grant EY023364
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The optic canal: a bottle neck for cerebrospinal fluid dynamics in 
normal tension glaucoma?
Hanspeter Killer, margaritta montali, Achmed Pircher, 
Jatta Berberat, Luca Remonda. ophthalmology, kantonsspital aarau, 
Aarau, Switzerland.
Purpose: The optic canal is the most narrow and least expandable 
portion of the subarachnoid space of the optic nerve. The size of its 
cross section area (OCA) may become a crucial bottel neck for the 
exchange of cerebrospinal fluid from intracranially to the orbital SAS 
of the optic nerve. This study on the (OCA) in Caucasian patients 
with normal-tension glaucoma (NTG) compares the OCA with 
Caucasian control subjects without known optic nerve (ON) diseases.
Methods: Retrospective analysis of computed tomographic (CT) 
images of the cranium and orbits in 56 NTG patients (21 females and 
17 males; 99 of 112 eyes; mean age 67.7±11.1 years). 56 age- and 
gender matched subjects (mean age: 68.0±11.2 years) without known 
ON diseases served as controls. The cross sectional area of the orbital 
opening of the optic canal (OC) was measured in mm2 by using 
the tool “freehand”. Statistical analysis was performed by using the 
independent two-tailed t-test.
Results: The mean orbital opening OCA in NTGs measured 14.5±3.5 
mm2, (right OCA: 14.4±3.6 mm2, left OCA: 14.5±3.4 mm2) and 
in controls 18.4±2.6 mm2 (right OCA: 18.4±2.0 mm2, left OCA: 
18.1±2.5 mm2). The difference between NTG and controls was 
statistically significant (p<0.000 for the right OCA, p<0.000 for the 
left OCA).
Conclusions: Patients with NTG showed a significantly smaller OCA 
compared to the control group of normals. It has been shown in the 
literature that in patients with papilloedema the oedama was less 
pronounced at the side of the smaller OCA. A smaller OCA therefore 
seems to be protective against a pressure induced optic nerve damage. 
A smaller OCA however will also influence the CSF dynamics and 
its transport function as well and might result in a chronic optic nerve 
damage in NTG patients via a reduced support of nutrition to axons 
and a lack of CSF clearance.
Commercial Relationships: Hanspeter Killer; margaritta montali, 
None; Achmed Pircher, None; Jatta Berberat, None; 
Luca Remonda, None
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Dysregulation in purinergic signaling causes hypertensive 
glaucoma-like optic neuropathy
Youichi Shinozaki1, Kenji Kashiwagi2, Akiko Takeda1, 
Nobuhiko Ohno3, Schuichi Koizumi1. 1Neuropharmacology, 
University of Yamanashi, Chuo, Japan; 2Department of 
Ophthalmology, University of Yamanashi, Yamanashi, Japan; 3Natl 
Inst Physiol Sci, Aichi, Japan.
Purpose: To clarify the role of dysregulated purinergic signaling in 
pathogenesis of glaucoma.

Methods: Experiments were performed using C57BL/6 (wild type, 
WT) and P2Y6 receptor knockout (P2Y6KO) mice. Intraocular 
pressure (IOP) was measured using rebound tonometer (Tonolab). 
Fluorophotometric analysis was performed by application of sodium 
fluorescein and eyes were monitored using LAS4000. The number 
of retinal ganglion cells (RGCs) in the whole mount retina was 
estimated by labelling of these cells with anti-Brn3a antibody. For 
detailed analysis of optic nerve, we used Serial block-face scanning 
electron microscopy (SBF-SEM).
Results: Instillation of UDP, selective agonist for P2Y6 receptor, 
reduced IOP in WT mice in a concentration-dependent manner. 
Its effect was transient and the maximum effect was obtained at 
1.5 h after application. MRS2578, selective antagonist for P2Y6 
receptor, increased IOP in WT mice. Hypotensive effect of UDP was 
disappeared in P2Y6KO mice. P2Y6 receptor was expressed in non-
pigmented epithelial (NPE) cells of ciliary body. Fluorophotometric 
analysis showed UDP changes aqueous humor (AH) dynamics. 
P2Y6KO mice showed sustained IOP elevation and reduction in 
RGC number in an age-dependent manner. WT mice showed no 
significant changes in RGC number regardless of their age. Chronic 
suppression of elevated IOP in P2Y6KO mice by daily application of 
latanoprost for more than 4 months rescued RGC number. SBF-SEM 
demonstrated axonal abnormalities in aged P2Y6KO mice but not 
young ones.
Conclusions: These data suggest that UDP reduces IOP via 
controlling AH dynamics and dysregulation in P2Y6R signaling 
causes hypertensive glaucoma-like phenotype in mice.
Commercial Relationships: Youichi Shinozaki; Kenji Kashiwagi, 
University of Yamanashi (P); Akiko Takeda, None; 
Nobuhiko Ohno, None; Schuichi Koizumi, University of 
Yamanashi (P)
Support: JSPS KAKENHI Grant JP16K18390, JP16H06280 and 
Takeda Science Foundation
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Up-regulation of connexin36 in retinal neurons amplifies gap 
junction-mediated neurodegeneration in glaucoma
Sandeep Kumar, Hari Ramakrishnan, Kaushambi Roy, 
Abram Akopian, Stewart A. Bloomfield. SUNY College of Optometry, 
New York, NY.
Purpose: We reported earlier that blockade of gap junctions (GJs) 
can preserve the normal structure and function of the retina and 
optic nerve in a mouse model of glaucoma (ARVO 2016). Here we 
examined the expression of the GJ subunits connexin36 (Cx36) and 
connexin45 (Cx45), which are highly expressed in retinal neurons, 
to determine their selective contribution to bystander cell death in 
glaucoma.
Methods: Experimental glaucoma was induced in C57BL/6 (WT) 
and connexin knockout (KO) mice by intracameral injection of 
polystyrene microbeads. Retinal and optic nerve structure was 
assessed histologically and the ERG and VEP were recorded to 
evaluate retinal and cortical function. Immunohistochemistry was 
used to determine any changes in the expression and distribution of 
Cx36 and Cx45 associated with glaucoma.
Results: Genetic ablation of Cx36 produced significant protection 
of retinal and optic nerve structure and function. This was indicated 
by a dramatic reduction in the loss of retinal ganglion and amacrine 
cells in glaucomatous Cx36 KO mice. Further, ablation of Cx36 
prevented attenuation of ERG and VEP components in glaucomatous 
animals. Genetic deletion of both Cx36 and Cx45 provided no further 
improvement in neuroprotection than knocking out Cx36 alone. We 
next compared the distribution of Cx36 and Cx45 immunolabeling 
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in control and glaucomatous retinas to reveal any changes that could 
instruct their differential roles in promoting bystander cell death. 
Eight weeks after microbead injection we observed a significant 
up-regulation of Cx36 expression in the IPL, but found no change in 
Cx45 immunolabeling compared to control levels. Application of the 
GJ blocker MFA to glaucomatous eyes prevented the up-regulation 
of Cx36. Finally, we found that ablation of Cx36-expressing GJs 
prevented the deterioration of visually guided behavior seen in 
glaucoma as indicated by a preservation of spatial acuity and contrast 
sensitivity at control levels.
Conclusions: We found that Cx36-, but not Cx45-expressing GJs 
play a critical role in cell and vision loss associated with glaucoma. 
There is an up-regulation in the expression of Cx36 in the inner 
retina, which can amplify the bystander effect and the subsequent 
neurodegeneration. Taken together, these results reveal Cx36-
expressing neuronal GJs as key targets for novel neuroprotective 
therapies to prevent structural and functional deficits in glaucoma.
Commercial Relationships: Sandeep Kumar, None; 
Hari Ramakrishnan, None; Kaushambi Roy, None; 
Abram Akopian, None; Stewart A. Bloomfield, None
Support: NIH Grants EY007360 and EY026024
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Neuroprotective antibodies trigger CNTF secretion of Müller 
cells
Katharina Bell, Corina Wilding, Sabine Beck, Norbert Pfeiffer, 
Franz H. Grus. Experimental Ophthalmology, Medical Center 
University of Mainz, Mainz, Germany.
Purpose: Changes in autoantibody-immunoreactivities have been 
detected in glaucoma patients. Several antibodies (abs) (against 
gamma-synuclein, 14-3-3 and glial fibrillary acidic protein (GFAP)) 
downregulated in glaucoma patients show neuroprotective effects on 
neuroretinal cells and primary retinal ganglion cells. Previous studies 
showed that Müller cells participate in the protective ab effect by 
up-regulating the expression of glutamine synthetase. The aim of this 
study was to analyse the role of retinal Müller cells in the context of 
neuroprotective antibodies in more detail.
Methods: Primary porcine Müller cells were isolated and incubated 
with different neuroprotective abs (0.5 μg/ml anti-gamma-synuclein 
abs, 1 μg/ml anti 14-3-3 abs or 1 μg/ml anti-GFAP abs for 3h) or 
without added abs. To win conditioned medium containing the 
secreted proteins the cells were incubated with DMEM/Ham-F12 
plus 2% FCS for 16h. The Dylight 649 labelled secreted proteins 
were analysed via ab-antigen microarray analysis. Abs against several 
growth factors (BDNF, CTNF, IL6, glutathione, neurotrophin 3, ILG1 
and bFGF) were spotted onto a nitrocellulose slide in triplicate (n=10 
per group). The spots were scanned (Array scanner; Aviso GmbH) 
and quantified with ImaGene Software (BioDiscovery, Waltham). 
Furthermore porcine retinal organ cultures were incubated with the 
different conditioned media as well as medium containing 10ng/ml 
CNTF or control medium. Brn3a staining, DAPI and TUNEL staining 
was performed with the flatmounts (n=4 per group).
Results: Müller cells incubated with either 14-3-3 (p=0.045) or 
GFAP (p=0.031) abs showed significantly increased CNTF secretion. 
Rgc/mm2 quantification showed a significant increase of rgcs (1014 
rgc/mm2) in explants incubated with medium from Müller cells 
conditioned with GFAP abs in comparison to control conditioned 
medium (740 rgc/mm2) (p = 0.04). 910 rgc/mm2 were detected 
in retinal explants incubated with 14-3-3 ab conditioned medium 
(p=0.07). 10ng/ml CNTF (770 rgc/mm2) showed a non-significant 
increase in rgc number (636 rgc/mm2, p=0.45). TUNEL positive cells 
were reduced in the GFAP and 14-3-3 group (-11%; p = 0.28).

Conclusions: In consideration with our previous studies, these results 
lead to the conclusion, that the neuroprotective antibodies not only 
have direct effects on rgc, but also in indirect effect by increasing 
CNTF secretion and GS in Müller cells.
Commercial Relationships: Katharina Bell, None; 
Corina Wilding, None; Sabine Beck, None; Norbert Pfeiffer, 
None; Franz H. Grus, None
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Endogenous WNT/β-catenin signaling in Müller cells protects 
retinal ganglion cells against excitotoxic damage
Andreas Ohlmann, Fabian Boesl, Konstantin Drexler, Ernst R. Tamm. 
Anatomy, University of Regensburg, Regensburg, Germany.
Purpose: To investigate the protective effects of endogenous Wnt/β-
catenin signaling in Müller cells on acutely damaged retinal ganglion 
cells (RGC).
Excitotoxic damage of RGC is attenuated by treatment with Norrin, 
which enhances retinal Wnt/β-catenin signaling. In consequence 
synthesis of neuroprotective molecules such as leukemia inhibitory 
factor (LIF), endothelin-2 and fibroblast growth factor is induced, 
which likely mediate the protective effects on damaged RGC. Since 
in cultured Müller cells Norrin leads to a Wnt/β-catenin-mediated 
enhanced expression of neuroprotective molecules, we hypothesized 
that the specific activation of Wnt/β-catenin signaling in Müller cells 
is sufficient to induce neuroprotective effects on RGC in vivo.
Methods: Conditional β-catenin deficiency in Müller cells was 
induced in Slc1a3CreERT/Ctnnbfl/fl mice by intraperitoneal  
injections of tamoxifen. To induce excitotoxic RGC damage 3μl 
N-Methyl-D-aspartate (10mM) were injected into the vitreous cavity. 
For quantification of neuronal damage the numbers of optic nerve 
axons and TUNEL positive cells in retinal ganglion cell and inner 
nuclear layers were quantified. In addition, western blot analyses 
for retinal β-catenin and real-time RT-PCR for LIF mRNA in retinal 
RNA were performed.
Results: Tamoxifen treatment significantly reduced β-catenin levels 
by approximately 40% in retinae from Slc1a3CreERT/Ctnnbfl/fl mice 
compared to Cre negative controls. Two weeks after NMDA injection 
the number of optic nerve axons was reduced by 20% (13,677±926) 
in mice with β-catenin deficiency in Müller cells compared to 
control littermates (17,029±778; p<0.01). Further on, in retinae of 
Slc1a3CreERT/Ctnnbfl/fl mice a substantial increase of TUNEL positive 
cells in the RGC layer by 40% (560±46 per 1,000 μm retinal length; 
p < 0.05) was detected compared controls (398±47 per 1,000 μm 
retinal length). Intriguingly, no difference between both genotypes 
was seen when comparing the number of apoptotic amacrine cells in 
the inner nuclear layer. In addition, in mice with Müller cell β-catenin 
deficiency the induction of LIF mRNA after NMDA treatment was 
substantially smaller (16.9±6.7-fold) compared to NMDA treated 
controls (37.5±11.6-fold; p<0.05).
Conclusions: Endogenous Wnt/β-catenin signaling in Müller cells 
mediates protective effects on acutely damaged RGC, most likely via 
an enhanced expression of protective factors including LIF.
Commercial Relationships: Andreas Ohlmann, None; 
Fabian Boesl, None; Konstantin Drexler, None; Ernst R. Tamm, 
None
Support: DFG OH 214/1-1
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Lack of regional axon loss in a murine glaucoma model
Julie Schaub, Elizabeth Cone-Kimball, Mary Ellen Pease, 
Ericka Oglesby, Cathy Nguyen, Harry A. Quigley. Glaucoma Center 
of Excellence, Johns Hopkins University, Wilmer Eye Institute, 
Baltimore, MD.
Purpose: To determine if retinal ganglion cell (RGC) axon loss in 
experimental mouse glaucoma is uniform in the optic nerve.
Methods: Experimental glaucoma was induced for six weeks with 
the microbead injection model (Cone et. al. 2012) in CD1 (N=80) and 
C57BL/6J (B6, N=90) mice. From epoxy-embedded sections of optic 
nerve 1 mm posterior to the globe, axon density was calculated in 4 
nerve regions: superior, inferior, nasal, and temporal.
Results: CD1 mice normally have more RGC axons than B6, 
indicated by higher control axon density in every region (Table 1). 
The 4 regions of the optic nerve had no significant differences in axon 
density by pairwise comparisons in either CD1 or B6 control mouse 
nerves (all p>0.8, mixed model, Bonferroni corrected). As previously 
reported (Cone et. al. 2012), mean total axon loss in experimental 
glaucoma in CD1 mice was greater than in B6 mice, despite higher 
mean intraocular pressure (IOP) elevation in B6. Axon density loss 
with glaucoma was not significantly different by region in either 
mouse strain (all p>0.6, Table 1).
Conclusions: In human glaucoma, selective axon loss in the 
superior and inferior optic nerve is associated with lower connective 
tissue density and greater strain with pressure elevation in the 
corresponding regions of the lamina cribrosa (Quigley and Addicks 
1981). The mouse lamina consists of astrocytes whose general 
configuration is similar to the human, but without connective tissue 
and without regional structure differences. While mouse lamina 
strain is greater nasal—temporally than superior—inferiorly, this 
is not associated with regionally greater axon loss. Interspecies 
differences in RGC injury may provide important clues in glaucoma 
pathogenesis.

Table 1. Control and Glaucoma Regional Nerve Fiber Density
Commercial Relationships: Julie Schaub, None; Elizabeth Cone-
Kimball, None; Mary Ellen Pease, None; Ericka Oglesby, None; 
Cathy Nguyen, None; Harry A. Quigley, None
Support: NH EY02120 and NH EY01765
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Intra ocular injection of plastic microsphere induces glaucoma in 
mice
Amir Sternfeld1, 3, Yaniv Barkana5, Ron Ofri2, Nitza Goldenberg-
Cohen3, 4. 1Ophthalmology, Rabin Medical Center, Tel Aviv, Israel; 
2Koret School of Veterinary Medicine, Hebrew University of 
Jerusalem, Rehovot, Israel; 3The Krieger eye laboratory, Felsenstein 
Medical Research Center, Petah Tikva, Israel; 4Ophthalmology, Bnai 
Zion Medical Center, Haifa, Israel; 5Private Practice, Tel-Aviv, Israel.

Purpose: To establish and characterize a glaucoma model in mice 
through the injection of plastic microspheres into the anterior 
chamber (AC) and measurement of intraocular pressure (IOP), retinal 
thinning and loss of retinal ganglion cells (RGC).
Methods: Plastic microspheres were injected into the AC of the right 
eye (OD) in 17 wild type (WT) mice. The left eye (OS) served as a 
control. IOP was measured pre injection and weekly post injection, 
and mice were sacrificed 4 weeks post injection. Histological analysis 
included measurement of retinal thickness and RGC counting. 
Calculations were made based on 3 consecutive areas measuring 
10μm each, every 5-10 sections, to a total of 20-25 sections per eye. 
Mean values were calculated and compared between the study and 
control eyes. Optic nerve fibers density of injected and control eyes 
was compared using Luxol Fast Blue (LFB) staining. Optic nerves 
were evaluated for inflammatory reaction anti-CD45 antibodies.
Results: Mean IOP in the WT mice prior to injection was 11.1±2.5 
mmHg OD and 12.2±2.9 mmHg OS. Four weeks post injection, prior 
to sacrifice, mean IOP was 14.5±3.3 mmHg OD and 13.2±2.9 mmHg 
OS. There was a significant increase in mean IOP in OD from pre 
injection to the end of follow-up (P=0.003). Six (35.3%) study eyes 
had IOP of 17 mmHg or more at the last follow-up compared with 2 
(11.8%) in the control eyes. Mean retinal thickness was 193.7±15.5 
microns in the study eyes compared with 223.9±15.5 microns in 
the control eyes (P=0.03) and mean RGC count was also reduced to 
16.0±0.5 in the study eye compared with 17.6±0.7 in the control eye 
(P=0.005), per X20 field.
Optic nerve of study eyes showed decreased density of axons using 
the LFB staining.
Inflammatory reaction was identified only in the optic nerves sheaths 
with some infiltration to the nerve of the study eyes.
Conclusions: Injection of microspheres into the AC induces elevated 
IOP, thinning of retina, and loss of RGC and optic nerve axons as 
expected in glaucoma. The IOP differences were mild yet induced 
retinal thinning and RGC loss. The likely mechanism is obstruction 
of the trabecular meshwork. Inflammatory response may play a role 
in the process. This model might be of future use for examining 
neuroprotective therapy.
Commercial Relationships: Amir Sternfeld; Yaniv Barkana, 
None; Ron Ofri, None; Nitza Goldenberg-Cohen, None
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Glaucoma features in a fibrillin-1 mutant mouse
MinHee K. Ko1, Jose Gonzalez1, James C. Tan1, 2. 1Ophthalmology, 
Doheny Eye Institute, LA, CA; 2Ophthalmology, University of 
California, Los Angeles, Los Angeles, CA.
Purpose: Risk factors associated with retinal ganglion cell (RGC) 
loss in human primary open angle glaucoma (POAG) are increasing 
age, thinner central corneas, and intraocular pressure (IOP). 
Epidemiological studies reveal that between 30-92% of people with 
POAG have IOP indistinguishable from normal. We describe features 
resembling glaucoma in the tight skin (Tsk) fibrillin-1 mutant mouse.
Methods: IOP (rebound tonometry) and central corneal thickness 
(CCT, OCT) were measured in live Tsk mice in different aged 
groups. In enucleated Tsk eyes, RGC (BRN3a) and optic nerve 
axon (p-phenylenediamine) counts, the presence of RGC apoptosis 
(Annexin V) and glial reactivity (GFAP) were analyzed by 
immunohistochemistry. Tsk findings were compared with those of 
age-matched wild-type (WT) mice (C57BL/6).
Results: At 3-6 months (m) of age, Tsk mean IOP was 28% lower 
than WT IOP (p<0.0002). Tsk mean IOP in 7-10m had risen 22% 
more than those of Tsk in 3-6m, which become indistinguishable 
(p=0.7) from age-matched WT IOP. Tsk mean IOP and WT IOP 
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remained unchanged (p=0.1) over the same period. IOP in 10% of Tsk 
eyes exceeded the 97.5th centile for age-matched WT IOP. Fellow 
eyes with higher and lower IOP were analyzed separately by linear 
regression for age-related trends. Tsk eyes with higher IOP (p=0.001; 
rate 0.5mmHg/m) and lower IOP (p=0.003; rate 0.3mmHg/m) 
showed a trend of increasing IOP with age. Similar analysis of WT 
IOP over the same age range did now show any change (p=0.1). Tsk 
CCT was 20% less than age-matched WT CCT (p=0.00001). This 
relative difference did not change with age. RGC counts were lower 
in Tsk mice aged 7-10m than 3-6m (by 28%; p=0.03), but WT RGC 
counts did not decline with age. At 7-10m of age, RGC counts in Tsk 
eyes were 33% less than WT. Evidence of increased apoptosis and 
glial activation was seen in the ganglion cell layer of Tsk compared 
with WT retina.
Conclusions: We found evidence in Tsk mice of increasing IOP and 
RGC attrition with age. Despite thinner Tsk central corneas, IOP 
above WT normal limits was detectable in 10%. These mouse ocular 
features resemble the human POAG phenotype and indicate that 
further studies of the Tsk fibrillin-1 mutant could shed light on this 
important eye disease.
Commercial Relationships: MinHee K. Ko, None; Jose Gonzalez, 
None; James C. Tan, None
Support: NIH Grant EY020863 (JCHT), EY03040 (Doheny Vision 
Research Institute Imaging Core), and a Kirchgessner Foundation 
Research Grant (JCHT), American Glaucoma Society Mentoring 
for Physician Scientists Award and Young Clinician Scientist Award 
(JCHT), Career Development Award from Research to Prevent 
Blindness (JCHT), and an unrestricted grant from the Research to 
Prevent Blindness
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Retinal Glutamate Upregulation in Chronic Experimental 
Glaucoma (EG) with or without Prior Hemiretinal 
Endodiathermy Axotomy (HEA)
Alexander Katz1, Charlene B. Kim1, 2, Hau Nguyen1, 
Vijaykrishna Raghunathan3, Paul Russell3, Paul Miller4, 2, 
Christopher J. Murphy5, 2, Brian J. Christian6, T Michael Nork1, 2. 
1Ophthalmology and Visual Sciences, University of Wisconsin - 
Madison, Madison, WI; 2OSOD (Ocular Services On Demand), 
LLC, Madison, WI; 3Surgical and Radiological Sciences, University 
of California, Davis, Davis, CA; 4Surgical Sciences, University of 
Wisconsin - Madison, Madison, WI; 5Ophthalmology and Visual 
Science, University of California, Davis, Davis, CA; 6Toxicology, 
Covance, Madison, WI.
Purpose: Controversy regarding the role of glutamate excitotoxicity 
in glaucoma has resulted from contradictory reports of vitreal 
glutamate measurements in humans and macaques with chronic EG. 
In contrast, we have reported that measurement of retinal glutamate 
by immunohistochemistry (IHC) in perfusion-fixed eyes may be 
a better biomarker for studying the possible role glutamate plays 
in glaucoma (Nork TM, et al, IOVS 2016;57:ARVO E-Abstract 
2573). Here, we hypothesize that glutamate in the retina would be 
upregulated in a model of EG with or without prior HEA.
Methods: Three rhesus macaques underwent HEA to selectively 
remove the retinal ganglion cell (RGC) layer of the inferior retina 
of the right eye. Those 3 animals underwent laser trabecular 
meshwork destruction (LTD) in the same eye 8 weeks later to 
produce intraocular pressure (IOP) elevation. Four additional 
macaques (1 rhesus, 3 cynomolgus) underwent LTD without prior 
HEA. Intraocular pressures were elevated and remained above 25 
mmHg for 6 months to 8 years. All 7 animals were perfused with 
glutaraldehyde at the time of sacrifice. IHC staining for glutamate 

was performed on epon embedded segments of retina from both eyes, 
including superior and inferior regions of the animals with HEA.
Results: IHC glutamate staining showed upregulation in all 7 of 
the EG eyes in the region of the rod spherules and cone pedicles. 
Increased glutamate staining was observed in the inner plexiform 
layer (IPL) as well. In the 3 HEA plus EG animals, IHC did not 
reveal significant staining variability between the non-axotomized 
superior and axotomized inferior region. IHC did not reveal 
significant upregulation in the fellow control eye. While present in 
the fellow control eye, the nerve fiber (NF) and RGC layers of the EG 
eyes were, in most of the animals, nearly absent.
Conclusions: The IHC staining results for glutamate on perfusion-
fixed retinas have consistently demonstrated upregulation of 
glutamate in rod spherules and cone pedicles as well as the IPL 
of the retina. This upregulation of glutamate is present whether or 
not the RGCs are removed by HEA prior to IOP elevation. Based 
on this upregulation of glutamate, especially in the region of the 
photoreceptor synapses, excitotoxicity could be involved in RGC 
injury in glaucoma.
Commercial Relationships: Alexander Katz, 
None; Charlene B. Kim, None; Hau Nguyen, None; 
Vijaykrishna Raghunathan, None; Paul Russell, None; 
Paul Miller, None; Christopher J. Murphy, None; 
Brian J. Christian, None; T Michael Nork, None
Support: NIH (NEI) P30 EY016665, Research to Prevent Blindness, 
Covance Inc., OSOD (Ocular Services On Demand) LLC
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Effect of continuous eye perfusion on rat retinal ganglion cells
Kayla Ficarrotta, Christopher L. Passaglia. Biomedical Engineering, 
University of South Florida, Tampa, FL.
Purpose: Optic neuropathies observed in human glaucoma can be 
induced in animals by damaging the trabecular meshwork of the 
eye and increasing intraocular pressure (IOP). Existing methods 
of glaucoma induction cause IOP changes that are variable in time 
course and magnitude. The aim of this study was to develop a method 
of chronically elevating IOP in a prescribed and controlled manner 
that does not target the trabecular meshwork.
Methods: A fine polyimide tube was implanted in the anterior 
chamber of one eye of Brown-Norway rats and passed subdermally to 
a skull mount, which was connected via a tether system to an external 
reservoir filled with artificial aqueous humor. An in-line pressure 
transducer continuously measured IOP, and pressure readings were 
sporadically checked by tonometry. In five implanted animals, IOP 
was elevated 10 mmHg for 9 weeks. In three implanted animals, 
IOP was left undisturbed for the 9-week period. Following the 
experiment, fundal imaging was performed on each eye to visualize 
the optic nerve head and retinal vasculature and both retinas were 
dissected, immunoreacted for Brn3a, and prepared as wholemounts. 
Fluorescent micrographs were obtained at multiple depths across 
the entire retina to create a maximum z-projection montage. Retinal 
ganglion cells (RGC) were counted using an automatic process and a 
size-based correction algorithm that accounts for overlapping cells.
Results: IOP was successfully elevated in implanted animals, without 
chronic leakage of fluid or obvious damage to the cornea or iris. 
Optic nerve and retinal vasculature anatomy looked normal. RGC 
counts for implanted high-IOP eyes, implanted normal-IOP eyes, and 
non-implanted control eyes were 64298 ± 3945, 96662 ± 1068, and 
94565 ± 2672, respectively. RGC counts differed significantly from 
normal only for high-IOP eyes, indicating that the cell loss was not 
caused by the surgical procedure or presence of the cannula. Regional 
variations in RGC density were also observed and quantified.
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Conclusions: Continuous eye perfusion for several weeks causes 
glaucoma-like patterns of RGC loss in rats without experimentally 
blocking fluid outflow pathways of the eye. The perfusion-induced 
glaucoma model that we have developed allows researchers to set and 
reversibly manipulate IOP for the first time, which could yield unique 
and important insights into the disease.
Commercial Relationships: Kayla Ficarrotta, None; 
Christopher L. Passaglia, University of South Florida (P)
Support: R21 EY023376, R01 EY027037
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Global proteomic analysis of retina in progressive retinal 
ganglion cell (RGC) degeneration
Jacky Man Kwong Kwong1, Thomas Lam2, Ka K. Li2, Chi-ho To2, 
Joseph Caprioli1. 1Ophthalmology, Jules Stein Eye Institute, UCLA, 
Los Angeles, CA; 2Optometry, Hong Kong Polytechnic University, 
Hong Kong, Hong Kong.
Purpose: To examine the retinal proteome during RGC damage.
Methods: Unilateral partial optic nerve transection (pONT) was 
performed on the temporal side of the optic nerve in adult Wistar 
rats; the contralateral eye was used as a control. The density of 
RGCs in the retina from 1 to 8 weeks after pONT was determined 
by topographical quantification with Rbpms antibody. Temporal and 
nasal retinal samples were collected separately from both eyes and 
homogenized to extract soluble proteins. Equal amount of protein 
lysates was trypsin-digested and subjected to proteomic profiling with 
a nanoLC TripleTOF mass spectrometry (MS) running on label-
free SWATHTM acquisition. MS spectra were searched for protein 
identification (at 1% FDR) with ProteinPilot 5.0 (Sciex). Gene 
Ontology annotation of all identified retinal proteins was performed 
with PANTHER gene classification. Differential protein expressions 
(≥1.5 fold, P<0.05) in response to pONT at different time points 
were compared with a novel cloud-based Oneomics platform on 
BaseSpace (Illumina).
Results: The average size of injured retinal area was 46.77±16.52% 
at 8 weeks after pONT. There were 0.92, 0.15, 0.1 and 0.14 TUNEL 
positive cells in the RGC layer per temporal retinal section at 1, 2, 
4 and 8 weeks after pONT, respectively; there were 0.17, 0.17, 0.13 
and 0.13 TUNEL positive cells per nasal retinal section (n=4 per 
time point). No significant change in RGC density was detected in 
the nasal quadrant at 1 week after pONT (n=8) but the percentage 
loss increased to 43.63±7.74% at 8 weeks (n=15; P=0.0001) while 
there was 78.89±5.76% and 27.7±5.99% of RGC survival in the 
temporal quadrant at 1 and 8 weeks respectively. This indicates 
secondary RGC degeneration in the nasal retina, and acute and 
delayed phases of RGC degeneration in the temporal retina. About 
2900 distinct proteins (>22,000 peptides) were identified from a 
pooled retinal ion library for SWATHTM quantification. At 1 week, an 
aldehyde dehydrogenase 1 family protein (Aldh1a1) was significantly 
up-regulated in the temporal retina after pONT but no significant 
protein change was detected in controls. At 8 weeks, 23 proteins were 
differentially expressed and the majority of them belongs to crystallin 
family.
Conclusions: Differential protein expression was observed in 
different phases of progressive RGC degeneration. This approach 
may help elucidate the acute proteomic response to RGC injury.
Commercial Relationships: Jacky Man Kwong Kwong, 
None; Thomas Lam, None; Ka K. Li, None; Chi-ho To, None; 
Joseph Caprioli, None
Support: Research to Prevent Blindness (JC); PolyU University 
grant G-YBQX (TL)
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Proteomics analysis of astroglia-driven neuroinflammatory 
responses in mouse glaucoma
Gulgun Tezel1, Xiangjun Yang1, Jian Cai2, Jon B. Klein2. 
1Ophthalmology, Columbia University, New York, NY; 2University of 
Louisville, Louisville, KY.
Purpose: Recent studies of clinical/postmortem samples from 
glaucomatous and non-glaucomatous human donors and studies of 
experimental models have accumulated evidence that supports a 
connection of glial inflammatory responses to neurodegeneration 
in glaucoma. Since improved molecular understanding of glia-
driven neuroinflammation can enable us for therapeutic protection 
of neurons from inflammatory neurotoxicity, this study aimed for 
molecular characterization of astroglia responses in experimental 
mouse glaucoma.
Methods: Intraocular pressure elevation was induced by microbead/
viscoelastic injections into the anterior chamber. Through an 
experimental period of up to 12 weeks, we isolated retina and optic 
nerve head astroglia from mice with or without ocular hypertension 
by two-step immunomagnetic cell selection. Isolated astroglia 
proteins were pooled from samples matched for the IOP-time integral 
(and neuron injury within each group) and were analyzed by isotope 
labeling-based quantitative mass spectrometry.
Results: Our updated methodology allowed increased protein yields 
(~10 μg of astroglia protein from 5 mouse retinas or optic nerve 
heads), and Western blot analysis of isolated astroglia proteins for 
specific cell markers verified more than 95% purity. The quantitative 
LC-MS/MS analysis identified thousands of proteins (based on >3 
unique peptide matches and a false discovery rate of <1%), including 
those with over two-fold up-regulated or down-regulated expression 
with ocular hypertension (p<0.05). The Ingenuity Pathways Analysis 
of high-throughput datasets linked the ocular hypertension-induced 
molecular alterations to inflammatory activation through TLR 
signaling, cytokine signaling, and NF-κB activation pathways.
Conclusions: Our high-confident datasets support the feasibility of 
astroglia-specific sampling and verify the sensitivity of astroglia-
specific analysis to characterize distinct molecular processes in mouse 
glaucoma. Since increased release of inflammatory mediators by 
activated glia (in the retina, optic nerve head, and optic nerve axons) 
causes neurotoxicity, inhibition of glia-driven neuroinflammation 
may consequently reduce secondary injury at multiple sites and 
protect both RGC somas and axons. Ongoing studies of cell type-
targeted conditional transgenic models for functional testing of the 
specific molecular outcomes should value them as treatment target for 
immunomodulation in glaucoma.
Commercial Relationships: Gulgun Tezel, None; Xiangjun Yang, 
None; Jian Cai, None; Jon B. Klein, None
Support: NIH 1R21EY024105, GRF, and RPB
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Evaluation of intraocular pressure and inflammation after Boston 
K-Pro implantation in Rabbits
Vassiliki Kapoulea2, Elise Taniguchi1, Yingqian Li2, 3, 
Chengxin Zhou2, 3, Fengyang Lei2, 3, James Chodosh2, 3, 
Dong F. Chen2, 3, Claes H. Dohlman2, 3, Eleftherios I. Paschalis2, 3. 
1Eye Hospital of Blumenau, Blumenau, Brazil; 2Massachusetts Eye 
and Ear Infirmary, Boston, MA; 3Harvard Medical School,  
Boston, MA.
Purpose: One of the most common postoperative complications 
of Boston Keratoprosthesis (B-Kpro) surgery is glaucoma. The 
pathogenesis is not fully understood, however, elevated intraocular 



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.

pressure (IOP) and inflammation are known to contribute to 
retinal and optic nerve degeneration. In this study we investigate 
inflammation and IOP elevation in a rabbit B-KPro model.
Methods: New Zealand White rabbits (n=6) underwent B-Kpro 
implantation using autologous corneal graft. During the surgery, the 
lens was explanted and surgical peripheral iridotomy was performed 
to prevent pupillary block. Therapeutic partial tarsorrhaphy was 
applied for one week and daily topical antibiotic prophylaxis was 
provided for 21 days. IOP measurements were performed at baseline 
and postoperative days 1, 3, 7, 14 and 21 using a 30G intracameral 
manometer. IOP elevation (>21mmHg) was treated with timolol 
maleate 0.5% eye drop (twice daily) until pressure normalization. 
The eyes were harvested at euthanasia (day 21) for tissue analysis 
using inflammatory markers CD-45, TNF-α, and GFAP glial marker. 
Retinal and optic nerve evaluation was performed using β-III-tubulin 
and p-phenylenediamine (PPD) staining, respectively. ImageJ was 
used to quantify the data.
Results: All surgeries were successful and uneventful. One week 
after the surgery, all rabbits exhibited transient IOP elevation ranging 
from 17±3mmHg to 30±11mmHg (mean±SD, p-value=0.018) which 
normalized during the following 2 weeks (18±7mmHg, p>0.9). 
Tissue analysis showed marked upregulation of CD-45 expression in 
the corneal tissue harboring the device and diffuse TNF-α expression 
throughout the corneal tissue. In contrast, the retina showed no 
upregulation of CD-45 or TNF-α expression but a significant 
increase in GFAP expression in the ganglion cell, inner, and outer 
nuclear cell layer. Retinal β-III-tubulin expression was significantly 
down regulated (-16%, p=0.01) and optic nerve axon density 
was significantly reduced (21%, p=0.03) 21 days after B-Kpro 
implantation.
Conclusions: This study cast doubts that IOP treatment alone can 
prevent degeneration in the retina and optic nerve after B-KPro 
implantation. Suppressing retinal glial cell reactivity using targeted 
immunotherapy may be an imperative adjunct in the postoperative 
management of B-KPro patients.
Commercial Relationships: Vassiliki Kapoulea, None; 
Elise Taniguchi, None; Yingqian Li, None; Chengxin Zhou, None; 
Fengyang Lei, None; James Chodosh, None; Dong F. Chen, None; 
Claes H. Dohlman, None; Eleftherios I. Paschalis, None
Support: Boston Keratoprosthesis Research Fund
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T cell responses in human glaucoma
Xiangjun Yang, Emre Goktas, Qun Zeng, Lama Al-Aswad, 
James D. Auran, Dana Blumberg, George A. Cioffi, 
Jeffrey M. Liebmann, Leejee H. Suh, Danielle Trief, Gulgun Tezel. 
Department of Ophthalmology, Columbia University, New York, NY.
Purpose: Resident glia in the retina and optic nerve play critical 
roles in the phenotype driving innate and adaptive immune 
responses in glaucoma. Present evidence from the analysis of 
human blood samples and isolated autoantibodies (along with the 
experimental studies of animal models using antigen immunization 
or adoptive transfer strategies) also supports the activation and 
pathogenic potential of adaptive immunity during glaucomatous 
neurodegeneration. This study aimed to explore the T cell-mediated 
component of adaptive immune responses through the analysis of T 
cell subset distribution in human glaucoma.
Methods: Blood samples were collected from 19 patients with 
glaucoma and 14 age- and gender-matched control subjects without 
glaucoma. Peripheral blood mononuclear cells were isolated from 
blood samples by Histopaque density gradient centrifugation. The 
isolated cells were then stained with fluorescence-labeled antibodies 

to T cell subsets and were analyzed by multicolor flow cytometry 
to calculate their percentage distribution. The helper T cell (Th) 
fractions were phenotyped based on the expression of CD4 and 
distinctive markers, such as IFN-γ (Th1), IL-4 (Th2), IL-17A (Th17), 
CD25 and FoxP3 (Treg). The analysis also included CD8+ cytotoxic 
T cells, and their CD25 and FoxP3 expressing Treg fractions.
Results: Analysis of T cell subset distribution detected a glaucoma-
related shift. The CD4 to CD8 ratios were similar between 
glaucomatous or non-glaucomatous samples (p>0.05); however, 
glaucomatous samples exhibited a trend toward altered pattern 
of regulatory T cells, which was prominent by decreased ratios 
of CD4+/CD25+/FoxP3+ (CD4Treg) and CD8+/CD25+/FoxP3+ 
(CD8Treg) regulatory T cell populations relative to entire CD4+ or 
CD8+ populations, respectively (p<0.03).
Conclusions: This study detected T cell population shifts supporting 
the altered immune homeostasis toward autoimmunity in human 
glaucoma. More work of larger patient cohorts is needed to 
determine the effects of covariates, such as different types and 
stages of glaucoma, intraocular pressure levels, systemic diseases, 
and treatments. Continuing studies should also clarify whether 
the dysregulated T cell response may contribute to secondary 
neurodegenerative injury in glaucoma, or whether the altered T 
cell profile may serve as a diagnostic or prognostic biomarker of 
glaucoma for clinical predictions.
Commercial Relationships: Xiangjun Yang, None; Emre Goktas, 
None; Qun Zeng, None; Lama Al-Aswad, None; James D. Auran, 
None; Dana Blumberg, None; George A. Cioffi, None; 
Jeffrey M. Liebmann, None; Leejee H. Suh, None; Danielle Trief, 
None; Gulgun Tezel, None
Support: NIH 1R21EY024105, GRF, and RPB
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New role of pyruvate dehydrogenase kinase 4 in retinal ganglion 
cell death after Ischemia/reperfusion injury
Ji-yeon Do1, In kyu Lee4, Dong Ho Park2, 3. 1Drug discovery and 
development for diabetes and metabolic disease, Kyungpook national 
university hospital, Daegu, Korea (the Republic of); 2Ophthalmology, 
Massachusetts Eye and Ear Infirmary, Boston, MA; 3Ophthalmology, 
Kyungpook national university hospital, Daegu, Korea (the Republic 
of); 4Endocrinology, Kyungpook national university hospital, Daegu, 
Korea (the Republic of).
Purpose: To determine the involvement of pyruvate dehydrogenase 
kinase 4 (PDK4), the regulatory enzyme in glycolytic pathway, on 
ischemia/reperfusion injured retinal ganglion cells (RGCs).
Methods: To induced I/R injury in C57BL/6J wild-type (WT) and 
PDK4 knock-out (K/O) mice, the anterior chamber of the right 
eye was cannulated with a 30-gauge needle connected to a saline 
reservoir at 150 cm above the eye, leading to a high IOP of 110 
mm Hg for 1h. In Sprague-Dawley (SD) rats, retinal I/R injury was 
induced by elevating the IOP to 120 mm Hg for 1h. Expression 
of PDK4 was measured by Western blot, real-time PCR analysis. 
To determined the effect of PDK4 on RGC loss by I/R injury, 
immunofluorescence (IF) staining was performed with RGC marker 
at 7 days after injury.
To confirmed the effect of PDK inhibition in vitro, RGC-5 cells were 
changed to serum/glucose-free medium and deprived of oxygen  
(1 percent of oxygen) using an anaerobic chamber for 6 h with and 
without dichloroacetate (DCA) treatment. Western blot analysis 
was performed to investigate whether apoptosis protein expression 
regulated by DCA treatment.
Results: In WT mice and SD rat, retinal PDK4 expression was 
increased in I/R-injured eyes compared to uninjured eyes. I/R injury 
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induced RGC loss and decreased thickness of retina in both WT 
and PDK4 K/O mice. However, in PDK4 K/O mice retina, loss of 
RGC were lower than those of WT. DCA, a synthetic PDK inhibitor, 
decreased expression of apoptosis protein induced by oxygen and 
glucose deprivation (OGD) in RGC-5 cells.
Conclusions: These findings suggest that PDK4 expression and 
activity related to RGC loss after I/R injury. Therefore, inhibition of 
PDK4 activity might be a therapeutic target for I/R-induced disease 
such as glaucoma.
Commercial Relationships: Ji-yeon Do, None; In kyu Lee, None; 
Dong Ho Park, None
Support: National Research Foundation of Korea (NRF), which is 
funded by the Ministry of Education (NRF-2014R1A1A2055007) 
and Korea Health Technology R&D Project of the Korea Health 
Industry Development Institute (KHIDI), which is funded by the 
Ministry of Health & Welfare, Republic of Korea (HI16C1501)
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Post-ischemic treatment with azithromycin prevents retinal 
ganglion cell death induced by ischemia/reperfusion injury in rat
Annagrazia Adornetto1, Giuseppe P. Varano1, Carlo Nucci2, 
Maria T. Corasaniti3, Luigi A. Morrone1, Giacinto Bagetta1, 
Rossella Russo1. 1Pharmacy and Health and Nutritional Sciences, 
University of Calabria, Arcavacata di Rende, Italy; 2Experimental 
Medicine and Surgery, Ophthalmology Unit, Rome, Italy; 3Health 
Sciences, University “Magna Graecia”, Catanzaro, Italy.
Purpose: Azithromycin is a widely used semi-synthetic macrolide 
antibiotic endowed with anti-inflammatory and immunomodulatory 
properties. Inflammation has been identified as an important 
component in the pathogenesis and progression of glaucoma and 
a potential target to achieve retinal neuroprotection. Here we 
studied the effect of azithromycin on retinal ganglion cell (RGC) 
degeneration induced by transient increase of intraocular pressure in 
rat.
Methods: Retinal ischemia was induced in adult rats by transient 
elevation of intraocular pressure. RGCs were retrogradely labeled 
by Fluorogold and survival was assessed following a single dose of 
azithromycin or vehicle given systemically at the end of the ischemia. 
Expression of death-associated proteins and ERK activation were 
studied by western blotting. Expression and activity of MMP-2 and 
-9 were analyzed by gelatin zymography.
Results: Acute post-injury administration of azithromycin 
significantly prevented RGC death. This effect was accompanied by 
reduced calpains activity and prevention of Bad upregulation. The 
observed neuroprotection was associated with a significant inhibition 
of MMP-2/-9 gelatinolytic activity and ERK1/2 phosphorylation.
Conclusions: Azithromycin affords neuroprotection by modifying 
the inflammatory state of the retina following ischemia/reperfusion 
injury suggesting its potential repurposing for glaucoma treatment.
Commercial Relationships: Annagrazia Adornetto; 
Giuseppe P. Varano, None; Carlo Nucci, None; 
Maria T. Corasaniti, None; Luigi A. Morrone, None; 
Giacinto Bagetta, None; Rossella Russo, None
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Effects of the dynamic modulation of macroautophagy on retinal 
ganglion cell survival in a mouse model of retinal ischemia/
reperfusion
Rossella Russo1, Giuseppe P. Varano1, Annagrazia Adornetto1, 
Francesca Nazio2, Luigi A. Morrone1, Maria T. Corasaniti3, 
Francesco Cecconi2, Giacinto Bagetta1, Carlo Nucci4. 1Pharmacy and 
Health and Nutritional Sciences, University of Calabria, Arcavacata 
di Rende, Italy; 2Biology, University of Rome Tor Vergata, Rome, 
Italy; 3Health Sciences, University “Magna Graecia”, Catanzaro, 
Italy; 4Experimental Medicine and Surgery, Ophthalmology Unit, 
University of Rome Tor Vergata, Rome, Italy.
Purpose: Dysregulation of autophagy, the catabolic pathway that 
promotes the degradation and recycling of cellular components 
through the autophagosome-lysosome system, has been reported in 
retinas exposed to glaucoma-related stressing conditions. However, 
the functional role of the process (detrimental vs protective) for 
retinal ganglion cell (RGC) degeneration is still debated. The purpose 
of this study was to investigate (1) the modulation of the autophagic 
pathway and (2) the outcome on RGC survival of treatment able 
to modulate autophagy in the retina of mice subjected to high 
intraocular pressure (IOP)-induced ischemia.
Methods: Retinal ischemia was induced in adult wild type C57BL/6J 
or GFP-LC3 transgenic mice by acute elevation of IOP. Expression of 
autophagy related proteins (Atg) was studied by western blotting and 
immunofluorescence. RGCs were retrogradely labeled by fluorogold 
and survival was assessed in autophagy-deficient mice (AMBRA1+/-) 
and upon rapamycin treatment or caloric restriction.
Results: A significant reduction of the autophagosome-associated 
form of Atg6 (LC3II) was observed at the end of ischemia and 
this was followed by a significant accumulation of the protein 
in the ganglion cell layer after 6 hours of reperfusion, where the 
accumulated LC3 colocalized with lysosomal-associated membrane 
protein 2 (LAMP2). A biphasic modulation of the autophagic 
substrate p62 with a significant build up during the late phase of 
reperfusion, was also reported. Induction of retinal ischemia in 
autophagy-deficient Ambra+/- mice was associated with increased 
RGC death, while autophagy induction by rapamycin or caloric 
restriction improved RGC survival.
Conclusions: Our results suggest that autophagic pathway is 
dynamically modulated following retinal ischemia/reperfusion injury 
and support a neuroprotective role of autophagy for RGCs in vivo.
Commercial Relationships: Rossella Russo, None; 
Giuseppe P. Varano, None; Annagrazia Adornetto, 
None; Francesca Nazio, None; Luigi A. Morrone, None; 
Maria T. Corasaniti, None; Francesco Cecconi, None; 
Giacinto Bagetta, None; Carlo Nucci, None
Support: MIUR, Italy. PRIN Project protocol 20109MXHMR_008
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Effect of Photobiomodulation on a Retinal Ischemia Rat Model
Hongyi Zheng, Jennifer W.H. SHUM, Amy C. Lo, Jimmy Lai. 
Department of Ophthalmology, The University of Hong Kong, Hong 
Kong, Hong Kong.
Purpose: Photobiomodulation (PBM), is a non-invasive light 
therapy with wavelength between 630-1000nm. It has been found to 
exhibit beneficial effects in a wide range of neuronal and vascular 
diseases. This study aims to test whether PBM would limit secondary 
degeneration of neurons and restore the retinal function in glaucoma 
using a retinal ischemia-reperfusion injury rat model induced by 
acute intraocular pressure (IOP) elevation.
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Methods: 8-9 week-old male albino Lewis rats were used. Acute IOP 
elevation of the right eye was induced by elevating an infusion bottle 
to 170cmH2O for 60 minutes. Rats were then assigned randomly 
to treatment group or non-treatment group. In the treatment group, 
animals received 4 minutes of daily 670 nm PBM from an LED 
source for 7 consecutive days. The non-treatment group received no 
PBM. On the 8th day, dark adapted ERG response was recorded. The 
rats were then sacrificed for retinal ganglion cell (RGC) counting. T 
test was used to compare the RGC count and ERG amplitude between 
the two groups. SPSS was used to analyze data (v23). A p-value of 
<0.05 is considered significant.
Results: The PBM treatment group showed an improvement in 
photopic a-wave (9.61uV) and b-waves (20.68uV), compared to 
non-treatment group (a- wave: 7.47uV; b-wave: 16.39uV) (p<0.05). 
Scotopic (a- and b-waves) responses were not found significantly 
improved by PBM treatment. RGC loss in PBM treated retinas was 
partially limited (p>0.05) (Image 1).
Conclusions: PBM treatment results in improvement in photopic 
response but not scotopic response. Treatment group shows a higher 
RGC count. However statistical significance is not reached.

The RGC counting by central, middle, peripheral and total average. 
This indicates that PBM has a trend to improve the RGC loss.
Commercial Relationships: Hongyi Zheng; Jennifer W.H. SHUM, 
None; Amy C. Lo, None; Jimmy Lai, None
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Neuroprotective effect of a dietary supplement against  
glutamate-induced cytotoxicity in experimental glaucoma models
Takahiro Kurose1, Tsubasa Takezawa2, Shuu Shiratori2, Mariyo Kato1, 
Yoko Mitsuguchi1, Yoshihiro Takai1, Yoichi Honma1, Eriko Sugano2, 
Hiroshi Tomita2. 1Rohto Pharmaceutical Co., Ltd, Kizugawa, Japan; 
2Department of Chemistry and Bioengineering, Iwate University, 
Morioka, Japan.
Purpose: Glaucoma is characterized by retinal ganglion cell (RGC) 
death and a progressive loss of vision. Glutamate toxicity has 
been proposed as a mechanism of RGC death in recent studies. In 
this study, we evaluated the neuroprotective effect of ClearVision 
EX® (CV, Rohto Pharmaceutical), which is a dietary supplement 
containing lutein, anti-oxidants, vitamins, and minerals, on glutamate 
toxicity.
Methods: RGC damage in 8-week-old male Sprague—Dawley rats 
(N=6) was induced by intravitreal injection of N-Methyl-D-aspartate 
(NMDA) (5 nmol/eye). CV (30, 100, or 300 mg/kg) or vehicle was 
orally administered once daily. RGC function was evaluated by 
determining the amplitude of the scotopic threshold response (STR) 
of ERG at 2 days after NMDA injection. To assess retinal structure, 
the ratio of the thickness of the whole retinal layer (WR) and the 
inner plexiform layer (IPL) in histological sections was calculated 

(IPL/WR). To elucidate the mechanism underlying these effects, 
HT22 cell line was used to evaluate the neuroprotective effect against 
non-receptor-mediated oxidative glutamate toxicity. HT22 cells were 
plated at a density of 1.0 × 104 cells/well in a 96–well plate, and 
incubated with glutamic acid (2.5 mM) and CV (0.6–60 μg/mL). Cell 
viability was evaluated by the MTS assay 24 h later (N=5).
Results: Intravitreal injection of NMDA decreased the STR 
amplitude, while the 300 mg/kg CV group retained a significantly 
higher amplitude compared to the vehicle group (48.4±8.8 μV 
vs. 33.8±16.7 μV, p<0.05). For structure analysis, IPL/WR was 
significantly higher in the 300 mg/kg CV group than in the vehicle 
group (15.7±2.9% vs. 12.0±0.9%, p<0.05). Glutamate treatment 
significantly decreased the viability of HT22 cells to 50.7±3.0%, and 
CV showed a concentration-dependent cytoprotective effect. At the 
highest concentration, the viability of HT22 cells was 98.9±3.2% 
(p<0.001).
Conclusions: CV showed a neuroprotective effect in the NMDA-
induced glaucoma model by suppressing excitotoxicity and/or 
oxidative stress. Since CV suppressed glutamate toxicity in HT22 
cells, these findings suggest that CV shows a neuroprotective effect 
against glutamate-induced cytotoxicity by inhibiting oxidative stress.
Commercial Relationships: Takahiro Kurose, Rohto 
Pharmaceutical Co., Ltd (E); Tsubasa Takezawa, None; 
Shuu Shiratori, None; Mariyo Kato, Rohto Pharmaceutical Co., 
Ltd (E); Yoko Mitsuguchi, Rohto Pharmaceutical Co., Ltd (E); 
Yoshihiro Takai, Rohto Pharmaceutical Co., Ltd (E); Yoichi Honma, 
Rohto Pharmaceutical Co., Ltd (E); Eriko Sugano; Hiroshi Tomita, 
Rohto Pharmaceutical Co., Ltd (F)
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Transgene expression, processing and activity following 
intravitreal Injection of QTA020V, a novel rAAV2 vector for 
retinal ganglion cell neuroprotection
Andrew Osborne1, 2, Peter S. Widdowson2, Keith R. Martin1, 2. 1School 
of Clinical Neuroscience, University Of Cambridge, Cambridge, 
United Kingdom; 2QUETHERA Ltd, Cambridge, United Kingdom.
Purpose: QTA020V is a novel gene construct designed to protect 
retinal ganglion cells (RGC) by long term activation of the mature 
brain-derived neurotrophic factor (mBDNF)/TrkB pathway. Our 
hypothesis is that upregulation of both neurotrophin and receptor will 
reduce RGC loss associated with glaucoma. We tested the ability of 
QTA020V to increase TrkB levels in RGC, to secrete mBDNF and to 
activate downstream signalling following intravitreal injection.
Methods: Adeno-associated viral serotype-2 (rAAV2) vectors 
containing novel plasmids were injected intravitreally into mice 
(1-2μL, 1x10e10 vp/eye). Vectors were QTA020V (rAAV2-CAG-
TrkB-2A-mBDNF), QTA021V (rAAV2-CAG-mBDNF-2A-eGFP), 
QTA022V (rAAV2-CAG-mBDNF-non-functional 2A-eGFP) and 
QTA023V (rAAV2-CAG-eGFP-2A-mBDNF). Three weeks later, 
expression of BDNF, TrkB receptors, eGFP and intracellular survival 
pathway activation was assessed by immunohistochemistry and 
Western blotting of retinal homogenates.
Results: Constructs containing mBDNF and eGFP, separated by 
the viral-2A peptide linker, were successful processed in vivo to 
produce two transgenes which translocated to the correct intracellular 
compartments. Bands corresponding to mBDNF and eGFP were 
generated at the predicted molecular weights after injection of both 
QTA021V and QTA023V. QTA022V was not processed into two 
separate transgenes, as expected. Intravitreal injection of QTA020V 
showed efficient expression and processing with the amount of TrkB 
receptor increased 3-fold over non-injected naïve controls (1.14±0.19 
vs 0.37±0.07; p<0.01, n=6). The amount of retinal BDNF measured 
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was much greater in QTA020V treated eyes compared to controls 
(0.29±0.06 vs 0.00±0.00; p<0.001 n=6). Active phosphorylated-
AKT and phosphorylated-ERK-1/2 proteins were also significantly 
increased, demonstrating activation of cell survival pathways after 
administration of QTA020V in vivo.
Conclusions: QTA020V increased the density of both murine 
membrane-bound TrkB receptor and mBDNF within the retina 
and up-regulated cell survival pathways. Efficient cleavage of two 
transgenes was achieved when the viral-2A peptide linker was 
incorporated in the construct. QTA020V is predicted to provide 
potent RGC neuroprotection and further studies are currently 
underway to assess further the potential of QTA020V as a new 
treatment for glaucoma.
Commercial Relationships: Andrew Osborne, QUETHERA Ltd 
(F); Peter S. Widdowson, QUETHERA Ltd (I), QUETHERA Ltd 
(P), QUETHERA Ltd (E); Keith R. Martin, QUETHERA Ltd (I), 
QUETHERA Ltd (C), QUETHERA Ltd (P), QUETHERA Ltd (F)
Support: QUETHERA Ltd, Wellcome Trust Pathfinder Award
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Design and characterisation of an AAV2 vector aiming to achieve 
long term modulation of BDNF signalling as a treatment for 
glaucoma
Peter S. Widdowson1, Andrew Osborne2, 1, Alessia Tassoni2, 
Keith R. Martin2, 1. 1QUETHERA Ltd, Cambridge, United Kingdom; 
2Department of Clinical Neurosciences, University of Cambridge, 
Cambridge, United Kingdom.
Purpose: Our aim is to develop a gene therapy for glaucoma 
based on modulation of brain-derived neurotrophic factor (BDNF) 
signalling. AAV-mediated BDNF expression has previously been 
shown to protect retinal ganglion cells in animal models of glaucoma, 
but long-term efficacy is compromised by TrkB receptor down-
regulation. We designed a gene construct coding for both murine 
TrkB and BDNF, increasing receptor and neurotrophin expression to 
aid long-term RGC survival.
Methods: To enhance efficacy and fit our construct within the 
4.7kb packaging limit of an rAAV2 vector the endogenous BDNF 
signal peptide was modified and the coding sequence for proBDNF 
removed to leave a mature BDNF (mBDNF) transgene. Murine 
TrkB and mBDNF coding sequences were joined using the viral-2A 
peptide sequence to create a single transgene, QTA020V, controlled 
by the CAG promoter. Construct components were studied in vitro in 
HEK293 cells using lipofectamine transduced DNA plasmids. BDNF 
production and secretion was measured by Western blot and ELISA. 
Correct cleavage of the single transgene into TrkB and BDNF was 
assessed by Western blot and immunocytochemistry. Effects on 
neuroprotective pathways downstream of murine TrkB receptor was 
also tested.
Results: Our novel BDNF signal peptide increased the concentration 
of BDNF secreted from HEK293 cells compared to the endogenous 
sequence (extracellular BDNF 73.1±7.3 vs 23.5±1.7ng/mL; 
P<0.001). The precursor protein was effectively processed following 
transfection to yield murine TrkB receptor and mBDNF. Testing of 
the dual construct revealed enhanced activation of RGC survival 
pathways AKT (2.36±0.13-fold) and ERK1/2 (30.22±1.86-fold) 
compared to controls (P<0.05 n=6), with activation comparable 
to the addition of 200ng/mL BDNF to cells over-expressing TrkB 
alone. BDNF released from HEK293 cells transfected with the 
dual construct was increased from 0.45±0.07 to 1.30±0.17 ng/mL 
(P<0.001 n=8) when ANA-12 (10μM) a TrkB receptor blocker was 
added, providing evidence of autocrine signalling.

Conclusions: QTA020V is a novel gene therapy designed to 
provide long term activation of the BDNF/TrkB signalling pathway. 
Intracellular processing of the single gene construct into constitutive 
mBDNF and murine TrkB was demonstrated to be highly efficient 
in vitro resulting in activation of down-stream cellular survival and 
anti-apoptotic pathways.
Commercial Relationships: Peter S. Widdowson; 
Andrew Osborne, QUETHERA Ltd (F); Alessia Tassoni, None; 
Keith R. Martin, QUETHERA Ltd (I), QUETHERA Ltd (C), 
QUETHERA Ltd (P), QUETHERA Ltd (F)
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Neuroprotective potential of 3D culture of human limbal 
mesenchymal stem cells
Madina Khubetsova1, Sergey Borzenok1, 2, Irina Saburina3, 
Natalia Gavrilova2, Nastasia Kosheleva3, Khadizhat Tonaeva1, 
Patimat Arbukhanova1, Natalia Lanevskaya1, 2, Dmitry Ostrovsky1, 
Maria Shurygina1, Ilia Popov1. 1The S. Fyodorov Eye Microsurgery 
Federal State Institution Ministry of Health of Russian Federation, 
Moscow, Russian Federation; 2The A.I. Evdokimov Moscow State 
Medical Dental University, Moscow, Russian Federation; 3Institute of 
General Pathology and Pathophysiology, Moscow, Russia, Moscow, 
Russian Federation.
Purpose: It is known that nerve growth factor (NGF) and brain-
derived neurotrophic factor (BDNF) have an antiapoptotic effect 
and exert the neuroprotection of retinal ganglion cells in glaucoma. 
However, still it is necessary to solve the question concerning the 
safe and long-term delivery of neurotrophins. In this trial we studied 
the ability of 3D-culture of limbal mesenchymal stem cells (MSCs) to 
secrete NGF and BDNF during in vitro experiment.
Methods: MSCs were obtained by culturing the limbal fragments 
isolated from the cadaveric human eyes. The cell culture were 
characterized by flow cytometry through the use of specific MSC 
marker antibodies. In this trial, we carried out the stimulation of the 
neurotrophic factors secretion using the two-step procedure according 
to the protocol of O. Sadan (2008).
3D-cell spheroids were created using the agarose plates for two 
comparison groups: I group – intact spheroids, II group – spheroids 
stimulated on the 7th day of cultivation. The supernatants of cell 
cultures were collected at different times and research for the content 
of NFG and BDNF by ELISA.
Two-tailed Student’s t-test was used for statistical analysis.
Results: It was established that 3D-cell culture of limbal MSCs is 
able to secrete NGF and BDNF at least for 21 days. NGF secretion 
level in the I group remained stable throughout the whole observation 
period and was on average 11785±389 pg/ml. When evaluating 
the BDNF content dynamics in the culture liquid the I group had a 
moderate decrease in the factor level: to 21 days the concentration 
was 461.59±23.09 pg/ml. The conduction of induction contributed 
to increase in the NGF and BDNF secretion by 1.8 and 1.6 and was 
on average 19490±871 and 155.9± 8.2 pg/ml, respectively (p<0.05). 
Later secretion of the factors significantly decreased and to 21 day it 
was by 1.8 and 1.4 less compared to the I group that was 6280±223.8 
pg/ml, 330 ± 14.1 pg/ml, respectively (p<0.05).
Conclusions: 3D cell culture of intact MSCs can be considered as a 
cell product for safe and long-lasting neuroprotection in treatment of 
glaucoma optic neuropathy.
Commercial Relationships: Madina Khubetsova, None; 
Sergey Borzenok; Irina Saburina, None; Natalia Gavrilova, 
None; Nastasia Kosheleva, None; Khadizhat Tonaeva, None; 
Patimat Arbukhanova, None; Natalia Lanevskaya, None; 
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Dmitry Ostrovsky, None; Maria Shurygina, None; Ilia Popov, 
None
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Assessment of the effects of systemically administered 
levetiracetam in an ocular model for neuroprotection
Ruta Maciulaitiene1, Symantas Ragauskas2, Giedre Pakuliene1, 
Simon Kaja2, 3, Ingrida Januleviciene1, Giedrius Kalesnykas2. 
1Ophthalmology Department, Medical Academy, Lithuanian 
University of Health Sciences, Kaunas, Lithuania; 2Experimentica 
Ltd., Kuopio, Finland; 3K&P Scientific LLC, Kansas City, MO.
Purpose: To determine the possible neuroprotective properties of 
systemically administered levetiracetam in the mouse optic nerve 
crush (ONC) model.
Methods: Unilateral ONC was performed on 21 adult (3-month old) 
male C57Bl/6J mice. Mice were divided into different treatment 
groups: 1) levetiracetam (UCB Pharma) at a dose of 80 mg/kg 
loading dose and 40 mg/kg (n=5) daily for a period of 7 days; 2) 
levetiracetam at a dose of 120 mg/kg loading dose and 80 mg/
kg daily afterwards (n=5); 3) vehicle (n=11). All treatments were 
administered intraperitoneally. Retinal thickness was assessed in 
vivo using spectral domain optical coherence tomography at baseline 
and after 7 days. At the end of the follow-up period the animals 
were transcardially perfused and retinal wholemounts with optic 
nerves collected. The total number of NeuN positive cells was 
assessed using stereological quantification. Optic nerves were graded 
qualitatively and scorred according to no, mild, moderate or severe 
structural damage as assessed from semi-thin optic nerve cross-
sections.
Results: We observed 27.3% decrease in NeuN immonoreactive 
RGCs in the vehicle group (p<0.01). Levetiracetam exhibited a dose-
dependent protection of NeuN-immunoreactive RGCs compared to 
the contralateral control eye (21.4 ± 2.6% in low dose group and 9.5 
± 5.8% in the high-dose group), corresponding to a 21 ± 4% and 65 
± 1% improvement in cell count, respectively (n=5-11, ANOVA, 
p<0.05). The higher levetiracetam dose showed a lower number of 
RGCs in the contralateral control eye, although this difference did not 
reach statistical significance. Mean retinal thickness was significantly 
decreased at the end of the 7-day follow-up in all treatment groups as 
compared to baseline. However, no statistically significant differences 
were observed between different treatment groups (ANOVA, p>0.05).
Conclusions: Systemic administration of levetiracetam showed 
neuroprotective effects represented by RGCs survival rate. Additional 
experiments are needed to evaluate potential dose-dependent 
confounding effects of the higher levetiracetam dose.
Commercial Relationships: Ruta Maciulaitiene; 
Symantas Ragauskas, Experimentica Ltd. (I), Experimentica Ltd. 
(E); Giedre Pakuliene, None; Simon Kaja, K&P Scientific LLC (R), 
K&P Scientific LLC (I), Experimentica Ltd. (C), Experimentica Ltd. 
(F), K&P Scientific LLC (S), K&P Scientific LLC (P), Experimentica 
Ltd. (S), Experimentica Ltd. (I), Experimentica Ltd. (P), K&P 
Scientific LLC (F), Experimentica Ltd. (R); Ingrida Januleviciene, 
None; Giedrius Kalesnykas, Experimentica Ltd. (P), Experimentica 
Ltd. (I), Experimentica Ltd. (F), Experimentica Ltd. (S), 
Experimentica Ltd. (E), Experimentica Ltd. (R)
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Effect of Doxycycline on Retinal Ganglion Cells in an 
Experimental Glaucoma Model
Tae-eun Lee1, 2, Yong Yeon Kim2. 1Ophthalmology, Chonbuk National 
University, Jeonju-si, Korea (the Republic of); 2Ophthalmology, 
Korea University, Seoul, Korea (the Republic of).
Purpose: To evaluate the effect of doxycycline on the death of 
retinal ganglion cells (RGCs) and impacting matrix metalloproteinase 
(MMP) expression in an experimental model of glaucoma.
Methods: The glaucomatous experimental model was induced by 
cauterizing vortex and episcleral veins in the eyes of 36 rabbits. The 
effects of oral doxycycline administration at dosages of 10 mg/kg/day 
(n=12) and 30 mg/kg/day (n=12) were evaluated and compared with 
the untreated controls (n=12). The eyes were histologically examined 
for RGC death at two and four weeks. The expression and activity 
of MMP-2 and MMP-9 were measured by immunohistochemical 
analysis and gelatin zymography.
Results: When compared to the baseline value the intraocular 
pressure of the operated eyes was significantly elevated at each time 
point. Significantly denser RGCs were found in the retinal ganglion 
cell layer and lower rates of apoptosis were observed in the high dose 
treatment (30 mg/kg/day) group, as compared to the control group at 
two and four weeks after treatment, whereas in the low dose
treatment (10 mg/kg/day) group, such change was observed only 
at two weeks post-treatment. The expressions and the gelatinolytic 
activity of MMP-2 and MMP-9 were significantly suppressed in the 
doxycycline treatment group at two and four weeks.
Conclusions: The result of this study suggests that doxycycline 
could contribute to delaying the death of RGCs through the down-
regulation of MMPs, at least in part, in this experimental model of 
glaucoma.
Commercial Relationships: Tae-eun Lee, None; Yong Yeon Kim, 
None
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The effects of zeaxanthin injections on bugeye (Lrp2) mutant 
zebrafish vision, a model to study glaucoma treatments
Kevin Z. Kwan1, Karla Villafan1, Tiffany Tran1, Pinakin G. Davey2, 
D Joshua Cameron2. 1Graduate College of Biomedical Sciences, 
Western University of Health Sciences, Alhambra, CA; 2College of 
Optometry, Western University of Health Sciences, Pomona, CA.
Purpose: Glaucoma has been characterized as a group of disorders 
that lead to retinal cell damage and eventual loss of central vision. 
Carotenoids such as zeaxanthin have previously been shown to 
protect and improve vision in both humans and animals. Because 
Lrp2 mutant zebrafish mimic the increased ocular pressure and loss 
of retinal cells that has been associated with glaucoma, examining the 
effects of zeaxanthin on this model will further elucidate the effects 
that carotenoids have on protecting the retina from disease, especially 
glaucoma.
Methods: Lrp2 (bugeye) zebrafish aged 6 months were used and 
maintained under standard conditions. Zebrafish monocular and 
binocular visual acuities were measured using the optokinetic 
response. Visual acuity was correlated to eye and body size due 
to the assymetric buphthalmia present in these fish. Zeaxanthin 
was administered (0.46ng/uL) using an intracameral injection of 
approximately 9.2 nL. For each animal, one eye was injected with 
phosphate buffered saline (PBS) and the other with zeaxanthin 
dissolved in PBS. Examinations of fish vision were obtained before 
treatment and subsequently at 2, 5, and 8 weeks following treatment 
to see if there was an effect on visual function. Additionally, eyes 



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.

were removed and the retinal histology was examined. A paired t-test 
was used to compare visual acuities between the subjects at each time 
point.
Results: Intracameral injections of zeaxanthin improved visual acuity 
in the injected eye, but not the uninjected eye. The resulting binocular 
acuity also increased, likely due to the improved eye. 2 weeks after 
injections, a 19% increase in binocular visual acuity was observed 
(p=0.008 n=15). 6 weeks after the injection the visual acuity of the 
zebrafish remained the same. There was a similar improvement 
observed in the OD visual acuity of injected fish of nearly 13% 
(p=0.04 n=15).
Conclusions: Zeaxanthin significantly improved visual acuity. 
Follow-up testing of these fish will allow us to determine if the visual 
acuity stabilizes and additional histological examination will aid in 
characterizing the observed improvement in visual acuity.
Commercial Relationships: Kevin Z. Kwan, None; Karla Villafan, 
None; Tiffany Tran, None; Pinakin G. Davey, None;  
D Joshua Cameron, None
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Sigma 1 receptor mediated neuroprotection in a rat model of 
glaucoma
Kathryn E. Bollinger, Barbara A. Mysona, Jing Zhao, 
graydon gonsalvez, Sylvia B. Smith. Ophthalmology, Augusta 
University, Augusta, GA.
Purpose: Glaucoma is the second leading cause of blindness in 
the world. Presently, no effective treatment exists for glaucoma-
induced degeneration of retinal ganglion cells and their axons. One 
possible neuroprotective target is sigma-1 receptor (S1R). S1R is a 
multifunctional molecular chaperone found in neurons and glia at the 
mitochondrial-endoplasmic reticulum interface. S1R mediates Ca2+ 
signaling, the antioxidant stress response, ER stress, and neurotrophin 
expression, all of which are critical to RGC health and survival. S1R 
ligands are potential therapeutic targets in other neurodegenerative 
conditions; however, effects of S1R activation in glaucoma have not 
been investigated.
Methods: Intraocular injection of microbeads was used to induce 
ocular hypertension in Sprague-Dawley rat retired breeders. 
Tonometer (TonoLab) measurement of ocular pressure was 
performed on conscious rats, 2-3 times per week for the duration 
of the experiment. Sprague-Dawley rats were treated with the SR1 
specific agonist (+)-pentazocine (PTZ). PTZ was administered  
(0.5 mg/kg, 3 times per week) by intraperitoneal injection starting 
1 week before through 5 weeks after onset of ocular hypertension. 
Contralateral eyes as well as non-injected eyes served as controls. 
After 5 weeks of ocular hypertension optic nerves were harvested 
and processed for electron microscopy (EM). Axon numbers were 
calculated based on axon counts from 1000x EM images covering at 
least 10% of the optic nerve cross sectional area. Eyes were frozen in 
OCT then sectioned for immunohistochemical analysis.
Results: Although animal numbers used in this study were small, the 
results were promising. After 5 weeks of elevated ocular hypertension 
axon numbers were significantly reduced by 30% compared to 
contralateral control eyes (n=3, * P< 0.05). Treatment with PTZ 
protected axons from ocular hypertension, preserving axon numbers 
to levels comparable to contralateral controls.
Conclusions: Our results indicate that S1R activation is a promising 
strategy for providing neuroprotection in glaucoma. Further studies 
to elucidate the mechanisms by which S1R prevents axon loss in 
glaucoma will contribute to developing a cure for this blinding 
disease.

Commercial Relationships: Kathryn E. Bollinger, None; 
Barbara A. Mysona, None; Jing Zhao, None; graydon gonsalvez, 
None; Sylvia B. Smith, None
Support: 5K08EY021758-05
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Lipoxin B4, a Novel Neuroprotectant for the Inner Retina
John G. Flanagan1, Hsin-Hua Liu1, Karsten Gronert1, 
Jeremy M. Sivak2, Izzy Livne-Bar1, 2. 1School of Optometry, University 
of California Berkeley, Berkeley, CA; 2Vision Sciences and 
Ophthalmology, University of Toronto, Toronto, ON, Canada.
Purpose: To investigate the in vivo neuroprotective effect of lipoxin 
B4 (LXB4) in a rat model of chronic ocular hypertension.
Methods: Monocular chronic ocular hypertension was induced in 
rats (male Long Evans, 3 months) using the circumlimbal suture 
model. They were randomly assigned for LXB4 (n=9) or vehicle 
(phosphate-buffered saline, n=9) treatment, both locally (eye drop, 
100 ng/eye) and systemically (1 μg/rat, IP), from week 8  
(3 times a week, every other day). Intraocular pressure (IOP), retinal 
function (electroretinogram, ERG) and structure (optical coherence 
tomography, OCT) were monitored in both groups for 15 weeks. 
Retinal tissue was collected (whole-mount) at the end of 15 weeks 
and retinal ganglion cell (RGC) counts were determined following 
Brn3a immunostaining.
Results: LXB4 had no effect on IOP (LXB4 18.4 ± 0.9 mmHg vs 
vehicle 20.6 ± 2.5 mmHg; week 15). RGC function as measured by 
pSTR ERG, was reduced by -37.8% ± 10.9% in the vehicle group and 
-24.1% ± 12.9% in the LXB4 treatment group (p=0.03), at week 15. 
Retinal nerve fiber layer (RNFL) thickness was reduced by -35.7% 
± 7.7% in the vehicle group compared to -18.2% ± 10.9% (p=0.02) 
in the LXB4 group, at week 15. RGC counts showed increased loss 
in the vehicle group (-33.6% ± 2.6%) compared to the LXB4 group 
(-17.2% ± 3.6%; p<0.001), at week 15.
Conclusions: LXB4 was protective of the inner retina in a chronic 
IOP rat model. This novel and previously unknown neuroprotective 
action was independent of IOP, which was unaffected by the 
administration of LXB4.
Commercial Relationships: John G. Flanagan, Carl Zeiss Meditec 
(F), EyeCarrot Inc (S), Carl Zeiss Meditec (C); Hsin-Hua Liu, None; 
Karsten Gronert, None; Jeremy M. Sivak, None; Izzy Livne-Bar, 
None
Support: Canadian Institutes of Health Research
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Caloric Restriction Diet Shows Preservation Effect on Ocular 
Structures
Katie A. Lucy1, Gadi Wollstein1, Mengling Liu2, Hiroshi Ishikawa1, 
Joel S. Schuman1. 1NYU Langone Eye Center, New York University 
School of Medicine, New York, NY; 2Departments of Population 
Health and Environmental Medicine, New York University School of 
Medicine, New York, NY.
Purpose: Caloric restriction (CR) has been shown in animal models 
to increase longevity and delay the effects of aging. This study 
investigates the effect of CR on ocular tissues in a cohort of human 
subjects adopting a particular CR lifestyle (CRWay).
Methods: Age matched healthy controls and CRWay members with 
no general or ocular co-morbidities underwent a full ophthalmic 
examination including visual field (VF) and optical coherence 
tomography (OCT) (Cirrus HD-OCT) testing. Duration of time in 
the CRWay, body mass index (BMI), axial length, central corneal 
thickness, VF mean deviation (MD) and OCT measured retinal 
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nerve fiber layer (RNFL) thickness, cup to disc (C/D) ratio, and 
ganglion cell inner plexiform layer (GCIPL) thickness were analyzed. 
Multivariate linear regressions were used to estimate RNFL and 
GCIPL thicknesses using the above variables.
Results: Nine CRWay subjects (18 eyes) were compared to a 
population of 23 age-matched controls (46 eyes). The average age 
of all subjects was 60.8±10.4 years, and the duration of time in the 
CRWay ranged from 2-36 years. The average BMI was 20.7±1.6 
for the CR participants and 28.3±5.2 for the control group. GCIPL 
thickness was negatively associated with BMI for the CRWay group. 
Multivariate analyses showed that C/D ratio, BMI, participation in 
the CR lifestyle, and the interaction terms between these variables 
were significant in the model for predicting RNFL thickness and 
GCIPL thickness (all p-values<0.03).
Conclusions: A chronic CR lifestyle shows a significant effect on 
ocular structures, deserving further investigation in a larger cohort 
and investigation into the mechanisms of action.
Commercial Relationships: Katie A. Lucy, None; Gadi Wollstein, 
None; Mengling Liu; Hiroshi Ishikawa, None; Joel S. Schuman, 
Zeiss (P)
Support: NIH: R01-EY013178
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Optogenetic brain stimulation as a neuroprotective strategy in 
murine experimental glaucoma
Lieve K. Moons, Marie Claes, Eline Dekeyster, Lut Arckens, 
Manuel Salinas-Navarro, Emiel Geeraerts. Biology Dept, Zoological 
Inst, K U Leuven, Leuven, Belgium.
Purpose: The central brain targets of retinal ganglion cells (RGCs) 
are well known being essential for the survival and activity of 
their retinal projection neurons. To test whether the bidirectional 
circuit between the brain and the RGCs could be exploited as a 
neuroprotective strategy in glaucoma, we performed a series of 
experiments in which the major RGC projection area in the mouse, 

the superior colliculus (SC), was optogenetically activated in an 
established experimental mouse glaucoma model.
Methods: To enable optogenetic activation of the SC, male and 
female C57/Bl6 mice were injected in the right SC with an adeno-
associated viral vector coding for the stable step-function opsin 
(SSFO). This channelrhodopsin-2 mutant has slow closing kinetics, 
with a time constant of 30 minutes, thus facilitating prolonged 
neuronal activation. Four weeks later, an optic fiber was implanted 
above the SC to allow light-mediated activation of the SSFO. 
Following a recovery period of one week, animals were subjected 
to the previously described laser-induced ocular hypertension 
model (OHT), in which the perilimbal and episcleral vessels were 
photocauterized, resulting in an ocular pressure increase and 
glaucoma-like RGC loss. Starting one day before OHT induction, 
the experimental group received light stimulation twice daily, with 
a light pulse of 2s and 2,2 mW, until the animals were sacrificed 
two weeks later. Control animals underwent all procedures but 
no light stimulation. Neuroprotection was assessed by automated 
quantification of RGCs on Brn3a-stained retinal flatmounts.
Results: The optogenetically-stimulated animals showed an average 
RGC survival of 91 ± 3% (N=18) versus only 75 ± 5% (N=17) in the 
control group at 14 days post ONC, as compared to naive untreated 
eyes. One-way ANOVA followed by Bonferroni post-hoc tests 
indicated significant differences in ONC-induced RGC loss between 
the light-stimulated and non-stimulated mice.
Conclusions: Optogenetically-induced neuronal activation of the SC 
results in a 16% increase in RGC survival in an experimental mouse 
glaucoma model, and thus clearly provides neuroprotection of the 
retinal projection neurons. These findings show that central brain 
targets can play a prominent role in protecting RGCs, thus unveiling 
exciting new possible treatment paradigms for glaucoma and other 
optic neuropathies.
Commercial Relationships: Lieve K. Moons, None; Marie Claes, 
None; Eline Dekeyster, None; Lut Arckens, None; 
 Manuel Salinas-Navarro, None; Emiel Geeraerts, None
Support: IWT grant OPTOBRAIN - Flanders, Belgium


