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Presentation Time: 11:00 AM–11:15 AM
Role for dual leucine zipper kinase in human embryonic stem 
cell-derived retinal ganglion cell death signaling
Derek S. Welsbie1, Katherine L. Mitchell2, Valentin Sluch2, 
Pingwu Zhang2, Amit Patel1, Donald J. Zack2. 1Ophthalmology, 
University of California San Diego, La Jolla, CA; 2Ophthalmology, 
Johns Hopkins University School of Medicine, Baltimore, MD.
Purpose: Glaucoma is a neurodegenerative disease characterized by 
the axonal injury and loss of retinal ganglion cells (RGCs). In order 
to identify a novel neuroprotective strategy, we previously developed 
a high-throughput, RNA interference-based screen in primary mouse 
RGCs and identified dual leucine zipper kinase (DLK) inhibition as 
being highly neuroprotective, including in multiple rodent models 
of optic neuropathy. Although DLK inhibition has many attractive 
neuroprotective properties, there is no data yet that DLK plays a role 
in human neurodegenerations. Here, we describe the use of human 
embryonic stem cell (hESC)-derived RGCs and a pharmacologic 
model of axonal injury signaling in order to test the role of DLK in 
human RGCs cell death signaling.
Methods: Genome editing was used to modify H7 ESCs with a 
P2A-tdTomato-P2A-Thy1.2 cassette fused in frame to the C-terminus 
of the RGC-specific BRN3B gene. After retinal differentiation, 
BRN3B+ RGCs express the mouse cell surface antigen, Thy1.2, 
thereby allowing for immunopurification. After five days in culture, 
dissociated hESC-derived RGCs were treated with the microtubule-
destabilizing drug, colchicine, in order to trigger axonal injury 
signaling and produce cell death.
Results: In order to test the role of DLK in injury signaling,  
hESC-derived RGCs were challenged with colchicine in the presence 
of four structurally distinct protein kinase inhibitors (PKIs), each 
with activity against DLK, or the vehicle control. While colchicine 
was able to kill over 95% of cells, each of the four DLK inhibitors 
was able to produce a near-total rescue cell death. Given the lack of 
specificity with the PKIs, we took two orthogonal genetic approaches 
to validate the findings, including the knockdown and knockout 
of DLK. Confirming the PKI findings, genetic disruption of DLK 
was also able to mitigate the cell death associated with microtubule 
disruption. Surprisingly, although pathway members downstream 
of DLK are activated in response to microtubule disruption, DLK 
protein is not increased, contrasting with the robust post-translational 
upregulation seen in mouse P0-P3 primary RGCs.
Conclusions: Pharmacologic and genetic disruption of DLK 
can reduce cell death in an in vitro model of human RGC 
neurodegeneration. Future work will test the function of DLK in 
other injury paradigms as well as the role for other recently-identified 
DLK pathway members.
Commercial Relationships: Derek S. Welsbie; 
Katherine L. Mitchell, None; Valentin Sluch, None; 
Pingwu Zhang, None; Amit Patel, None; Donald J. Zack, None
Support: NIH K08EY022078, RPB CDA, Ziegler Foundation CDA
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Presentation Time: 11:15 AM–11:30 AM
BMSC-derived exosomes promote retinal ganglion cell survival
Ben Mead, Stanislav I. Tomarev. National Eye Institute, National 
Institutes of Health, Bethesda, MD.

Purpose: The loss of retinal ganglion cells (RGC) and their axons  
is a leading cause of blindness and includes traumatic  
(optic neuropathy) and degenerative (glaucoma) eye diseases. 
Mesenchymal stem cells (MSC) have demonstrated significant 
neuroprotective and axogenic effects on RGC in both of the 
aforementioned models. The present study aimed to isolate exosomes 
from bone marrow-derived MSC (BMSC) and test them in a rat optic 
nerve crush (ONC) and glaucoma model.
Methods: Exosomes were isolated from human BMSC and 
characterized by electron microscopy, flow cytometry and CD63 
ExoELISA. Using an in vitro axotomized rat RGC model and in 
vivo rat models of ONC and glaucoma, we treated/injected 3x109 
exosomes into the cell culture well/vitreous. To measure their 
neuroprotective and axogenic capacity, we used immunochemistry, 
optical computerized tomography (OCT) and electroretinography 
(ERG). The composition of miRNA in exosomes from human BMSC 
and control human fibroblasts was investigated by RNA sequencing 
and used to identify candidate target mRNA in RGC.
Results: Both BMSC and fibroblasts secrete similar numbers of 
exosome (1.03x109 and1.17x109/24h/100,000 cells, respectively). 
Treatment of RGC cultures with exosomes led too significant RGC 
survival (299 ± 24.1 RGC/well) compared to both fibroblast exosome 
treated (72.3 ± 6.4RGC/well) and untreated (121.3 ± 6.2) cultures. 
Following intravitreal transplantation, exosomes successfully 
integrated into the inner retinal layers, including RGC. After ONC 
(21d), BMSC exosomes provided significant therapeutic effects as 
compared with fibroblast exosomes or untreated eyes. For the three 
measured outputs, the thickness of the retinal neve fibre layer was 
33.8 ± 4.8 μm, 21.6 ± 1.5 μm, and 18.0 ± 2.1 μm, respectively; 
RGC density was 73.3 ± 7.8/mm of retina, 20 ± 2.2/mm of retina, 
and 23.6 ± 7.7/mm of retina, respectively; and positive scotopic 
threshold response was 28.6 ± 8.1 μv, 13.2 ± 3.4 μv, and 13.7 ± 1.1 
μv, respectively. The significant therapeutic benefits were also seen in 
the treatment of glaucoma models. The therapeutic benefit of BMSC 
exosomes was reduced significantly if isolated following knockdown 
of Argonaute 2, a protein that complexes with miRNA and is integral 
to their function.
Conclusions: We demonstrate for the first time that BMSC-derived 
exosomes offer significant therapeutic benefit to the protection of 
RGC, an effect mediated at least partially by their miRNA.
Commercial Relationships: Ben Mead, None; 
Stanislav I. Tomarev, None
Support: This work was supported by the Intramural Research 
Programs of the National Eye Institute.
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QTA020V, a novel rAAV2 vector, delays retinal ganglion cell loss 
following optic nerve crush in the mouse
Keith R. Martin1, 2, Andrew Osborne1, 2, Tasneem Khatib1, 
Amanda Barber1, George Kong3, 4, Peter S. Widdowson2. 1Department 
of Clinical Neurosciences, University of Cambridge, Cambridge, 
United Kingdom; 2QUETHERA Ltd, Cambridge, United Kingdom; 
3Center for Eye Research Australia, University of Melbourne, 
Melbourne, VIC, Australia; 4Department of Optometry and Vision 
Sciences, University of Melbourne, Melbourne, VIC, Australia.
Purpose: AAV-mediated BDNF expression has previously been 
shown to protect RGC in animal models of glaucoma, but long-
term efficacy is compromised by TrkB receptor down-regulation. 
We designed a novel rAAV2 vector, QTA020V, capable of secreting 
mature BDNF (mBDNF) and enhancing TrkB receptor expression in 
RGCs. The efficacy of QTA020V in delaying RGC loss was assessed 
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in a mouse model of optic nerve crush (ONC). Transgene expression 
and effects on visual function were also examined.
Methods: Adult mice were injected intravitreally with  
QTA020V (TrkB-viral-2A-mBDNF, CAG promoter), QTA024V 
(TrkB-viral-2A-mBDNF, human synapsin 1 promoter), QTA001V 
(proBDNF only, CAG promoter) or control (eGFP only, CAG 
promoter) (1-2μL, 1x1010 viral particles per eye). Unilateral 
ONC was performed 3 weeks later. Transgene expression and 
intraocular pressure (IOP) were assessed at multiple time points. 
Electroretinography (ERG) was used to measure the positive scotopic 
threshold response (pSTR), A-and B-wave in dark adapted mice. 
Surviving Brn3A-labelled RGCs were counted in retinal flat-mounts 
7 days post-injury.
Results: Seven days after ONC, QTA020V transfected retinas, 
expressing mBDNF and TrkB, had 67% more surviving RGC 
than control eGFP injected eyes (1453±60 vs 868±34 cells/mm2; 
P<0.0001, n=7). RGC survival with QTA020V was greater than 
with a vector expressing BDNF alone (1135±53 cells/mm2; P<0.05 
versus controls). Replacing the CAG promoter of QTA020V with 
the neuron-specific, but weaker, human synapsin 1 promoter reduced 
efficacy (surviving RGCs = 1223±89 cells/mm2; P<0.01 versus 
controls, n=9). Serial ERG recording did not show any significant 
changes between QTA020V-treated and either saline injected or 
untreated eyes. The pSTR component of the ERG, attributed to 
RGC, was not different in QTA020V, vehicle treated and naïve eyes 
(19.67±4.59 vs 17.81±2.69 vs 23.03±2.66μV, P=0.56, n=8). IOP 
was similar in all groups (QTA020V: 19.32±1.04mmHg; vehicle: 
19.45±0.58 mmHg; naïve: 19.98±0.98 mmHg, n=5).
Conclusions: A novel, dual vector construct expressing TrkB and 
mBDNF under the regulation of the CAG promoter (QTA020V) had 
significantly greater efficacy in delaying RGC death than control and 
reference vectors expressing eGFP or proBDNF. Studies are ongoing 
to assess long term retinal transgene expression by QTA020V and its 
efficacy in reducing RGC death in experimental glaucoma.
Commercial Relationships: Keith R. Martin, QUETHERA Ltd (I), 
QUETHERA Ltd (C), QUETHERA Ltd (F), QUETHERA Ltd (P); 
Andrew Osborne, QUETHERA Ltd (F); Tasneem Khatib, None; 
Amanda Barber, None; George Kong, None; Peter S. Widdowson, 
QUETHERA Ltd (I), QUETHERA Ltd (P), QUETHERA Ltd (E)
Support: QUETHERA Ltd
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Regeneration of retinal ganglion cell dendrites and synapses after 
axonal injury: the role of insulin on regrowth and reconnection
Jessica Agostinone1, Wan-Qing Yu2, Rachel O. Wong2,  
Adriana Di Polo1. 1Neurosciences, University of Montreal, 
CRCHUM, Montreal, QC, Canada; 2Biological structure, University 
of Washington, Seattle, WA.
Purpose: Evidence indicates that axonal injury triggers early 
alterations in retinal ganglion cell (RGC) dendrites leading to 
substantial deficits. In this study, we asked whether dendrites can be 
stimulated to regenerate and reconnect with pre-synaptic targets once 
they have retracted. Specifically, we investigated the role of insulin, 
a potent activator of the mammalian target of rapamycin (mTOR), on 
dendritic and synaptic regeneration.
Methods: Optic nerve axotomy was performed in mice expressing 
yellow fluorescent protein in RGCs. Insulin was administered daily 
starting at three days after injury, when dendrites have substantially 
retracted. To investigate the mechanisms of insulin action, the 
following compounds were used: i) rapamycin, an inhibitor of mTOR 
complex 1 (TORC1), ii) siRNA against rictor, an essential component 
of mTOR complex 2 (TORC2). Gold particles coated with 

CMV:tdTomato and CMV:PSD95-YFP, which has been previously 
used as a synaptic marker, were biolistically delivered to visualize 
RGC glutamatergic postsynaptic sites. Seven days post-lesion, RGC 
dendritic trees and synapses were 3D-reconstructed using Imaris 
(Bitplane) and analyzed. RGC survival was assessed by quantification 
of RBPMS-labeled cells.
Results: Our data show that insulin promotes remarkable 
dendrite regeneration, restoring dendritic length, field area, and 
complexity to values found in naïve retinas (N=5/group, 40-50 
RGCs/group). Importantly, insulin induced robust regeneration of 
excitatory synapses in OFF-transient, OFF- and aON-sustained 
RGCs. Inhibition of only TORC1 resulted in loss of dendritic tree 
complexity, while length and field area were preserved. In contrast, 
blockade of TORC2 resulted in reduced dendritic length and field 
area but did not alter complexity. Insulin also stimulated RGC 
survival which was dependent on both TORC1 and TORC2 activity.
Conclusions: Our data support several important conclusions: 1) 
insulin promotes substantial RGC dendrites and likely synapse 
regeneration after axonal injury, 2) both mTOR complexes are 
required for successful dendritic regeneration, with TORC1 
controlling tree complexity and TORC2 governing dendrite length 
and arbor area, 3) insulin stimulates robust RGC survival through 
TORC1 and TORC2 activation. Strategies to regenerate dendrites 
and synaptic connections in injured RGCs may have implications to 
restore vision in glaucoma
Commercial Relationships: Jessica Agostinone, None; Wan-
Qing Yu, None; Rachel O. Wong, None; Adriana Di Polo, None
Support: CIHR
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Presentation Time: 12:00 PM–12:15 PM
Ccl-5 Deficiency Impedes Retinal Ganglion Cell Axonopathy in 
Glaucoma
William M. McLaughlin1, Michael G. Dubner1, Cathryn Formichella1, 
Rebecca M. Sappington1, 2. 1Department of Ophthalmology and Visual 
Sciences, Vanderbilt Eye Institute, Vanderbilt University Medical 
Center, Nashville, TN; 2Department of Pharmacology, Vanderbilt 
University School of Medicine, Nashville, TN.
Purpose: Ccl-5, a beta-chemokine, is constitutively expressed in 
retina and is associated with inflammatory and neuroprotective 
responses in several neurodegenerative disorders. We examined 
whether Ccl-5 deficiency alters retinal ganglion cell (RGC) 
degeneration in glaucoma.
Methods: We induced unilateral glaucoma for 6 weeks in age-
matched, 8 month old C57Bl/6 (WT) and ccl5-/- mice, using the 
Microbead Occlusion Model. Intraocular pressure (IOP) was 
monitored by tonometry. Visual function was assessed prior to and 
six weeks after model induction, using electroretinogram. For axon 
transport analysis, mice received bilateral intravitreal injection 
of the neural tracer cholera toxin beta subunit (CTB) 3 days prior 
to sacrifice. RGC connectivity was assessed by quantification 
of CTB anterograde transport to the superior colliculus(SC) and 
immunohistochemical examination of RGC pre-synaptic inputs in 
retina of whole eye sections. Structural degeneration of RGCs was 
assessed retina and optic nerve. Paired and unpaired T-tests were 
utilized for statistical analysis with p>0.05 indicating statistical 
significance.
Results: Baseline IOP and experimental IOP did not differ between 
WT and ccl5-/- mice (p>0.05). For both genotypes, microbead 
injection elevated IOP by 22-25% throughout the 6 week period, 
compared to saline injection (p < 0.01 for both). In WT mice, 
elevated IOP resulted in a 28-36% decrease in Brn3a+ RGCs in 
the retina and RGC axons in the optic nerve (p<0.05), compared 
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to saline-injected controls. These pressure-induced decreases were 
not observed in ccl5-/- mice, compared to saline-injected controls 
(p>0.05). The number of degenerating axon profiles increased by 
nearly 10-fold in optic nerve from WT mice versus only 3-fold 
in ccl5-/- mice (p<0.05). Anterograde transport of CTB to the 
SC decreased by almost 40% in WT mice (p<0.01), but not in 
ccl5-/- mice. Retina from microbead-injected WT mice exhibited 
reorganization of beta-tubulin+ processes in the inner plexiform 
layer. This reorganization was significantly less noticable in ccl5-
/- mice than WT. IOP-dependent pathology noted in WT mice was 
accompanied by decreases in amplitudes of b-wave and oscillatory 
potentials, particularly for the combined cone and rod response 
(p<0.05). This decrease was not observed in ccl5-/- mice.
Conclusions: Our data suggests that Ccl5 deficiency improves 
structural and functional outcomes for RGCs in a mouse model of 
inducible glaucoma.
Commercial Relationships: William M. McLaughlin, None; 
Michael G. Dubner, None; Cathryn Formichella, None; 
Rebecca M. Sappington, None
Support: National Institutes of Health Grant RO1EY020496 (RMS), 
NEI Core Grant P30EY08126 (Vanderbilt Vision Research Center) 
and Research to Prevent Blindness-Career Development Award 
(RMS) and Unrestricted Award (VEI)

Program Number: 2957
Presentation Time: 12:15 PM–12:30 PM
Inhibiting complement C3 activation by gene therapy reduces 
glaucoma progression
Alejandra Bosco1, Sarah Anderson1, Kevin T. Breen1, 
Cesar O. Romero1, Michael R. Steele1, Vince A. Chiodo2, 
Sanford L. Boye2, William W. Hauswirth2, Stephen Tomlinson3, 
Monica L. Vetter1. 1Neurobiology and Anatomy, University of 
Utah, Salt Lake City, UT; 2Ophthalmology, University of Florida, 
Gainesville, FL; 3Microbiology and Immunology, Medical University 
of South Carolina, Charleston, SC.
Purpose: Complement activation is associated with glaucoma, and 
precedes neurodegeneration in animal models. Knockout of the 
classic pathway initiator C1q delays disease in DBA/2J (D2) mice. 
All three complement activation pathways converge at C3 cleavage. 
Here, we test the therapeutic effect of limiting C3 activation during 
glaucoma progression in D2 mice using ocular gene therapy.
Methods: We utilized CR2-Crry, which is the soluble rodent-specific 
complement inhibitor (sCrry) linked to a complement receptor 2 
(CR2) targeting moiety that directs sCrry to sites of C3b-fragment 
(iC3b/C3dg/C3d) deposition. CR2-sCrry was packaged using 
quadruple YF mutant capsid AAV2 vector with CBA promoter. 
AAV2-CR2-Crry or control AAV2-GFP was delivered by bilateral 
intravitreal injection in 7-month old (mo) D2 female mice. At 10 and 
12mo, RGC and axonal density were quantified in confocal images 
of retinal wholemounts immunostained for RGC and axonal markers 
(Brn3b, pNF), and optic nerve damage was scored as mild, moderate 
or severe by proportion of degenerative/lost axons (< 10%, 10-50% 
or > 50%, respectively). Naive 5-7mo D2 retinal wholemounts were 
immunostained for C3d, Brn3 and pNF. We conducted one-way 
ANOVA for Brn3b/pNF counts by group/age, followed by Student’s 
t-test.
Results: Preceding therapy, 5-7mo D2 showed C3d-stained RGC 
somata, dendrites and axons. At 10 and 12mo, AAV-CR2-Crry-treated 
D2 mice maintained 38% more healthy optic nerves, and had 37% 
and 52% less severe nerves at each age, compared with naïve D2 
(FIG.1). AAV-GFP had a minimal effect, with 8% more healthy and 
17% less severe nerves relative to 10mo naïve D2. AAV-CR2-Crry-
treated retinas showed uniformly intact and bundled intraretinal axons 

at 750-μm eccentricity, with 3.3 axons/fascicle at 10mo (p=0.014) 
and 2.6 at 12mo (p<0.001), compared to variably dystrophic and 
depleted fascicles in age-matched naive mice (2.6 and 1.5 axons), and 
in 10mo AAV-GFP controls (2.4 axons). AAV2-CR2-Crry  
suppressed RGCs loss, showing 84% higher Brn3b-nuclei density at 
10mo (p=0.001) and 168% at 12mo (p=0.001), whereas 10mo  
AAV-GFP-treated eyes only increased RGC density by 27% (FIG.2).
Conclusions: Viral gene therapy targeted to block C3 activation 
provides a high-precision and potent neuroprotective strategy to 
reduce the advance of chronic glaucoma. Ongoing studies test this in 
acute models, and define molecular changes in retina, nerve and their 
innate immune cells.

Commercial Relationships: Alejandra Bosco, None; 
Sarah Anderson, None; Kevin T. Breen, None; Cesar O. Romero, 
None; Michael R. Steele, None; Vince A. Chiodo, None; 
Sanford L. Boye, None; William W. Hauswirth, Bionic 
Sight (I), AGTC (C), AGTC (I); Stephen Tomlinson, None; 
Monica L. Vetter, None
Support: NIH Grants EY020878 and EY023621; Glaucoma 
Research Foundation/Melza M. and Frank Theodore Barr Foundation 
(to M.L.V.) and NIH P30-EY021721 (to W.W.H.).
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Program Number: 2958
Presentation Time: 12:30 PM–12:45 PM
Metabolic stress in glaucoma engages early activation of the 
energy biosensor AMPK leading to neuronal dysfunction
Nicolas A. Belforte, Jorge Luis Cueva Vargas, Adriana Di Polo. 
Department of Neuroscience, University of Montreal Hospital 
Research Center, Montreal, QC, Canada.
Purpose: Metabolic stress has been proposed to contribute to 
neuronal damage in glaucoma, but the mechanism driving this 
response is not understood. The adenosine monophosphate-activated 
protein kinase (AMPK) is a master regulator of energy homeostasis 
that becomes active at the onset of energy stress. AMPK is a 
potent inhibitor of the mammalian target of rapamycin complex 1 
(mTORC1), which we showed is essential for the maintenance of 
retinal ganglion cell (RGC) dendrites, synapses, and survival. Here, 
we tested the hypothesis that AMPK is an early mediator of metabolic 
stress in glaucoma.
Methods: Unilateral elevation of intraocular pressure was induced 
by injection of magnetic microbeads into the anterior chamber of 
mice expressing yellow fluorescent protein in RGCs. Inhibition of 
AMPK was achieved by administration of siRNA or compound 
C. RGC dendritic trees were 3D-reconstructed and analyzed with 
Imaris (Bitplane), and survival was assessed by counting Brn3a or 
RBPMS-labeled soma and axons in the optic nerve. RGC function 

was examined by quantification of anterograde axonal transport after 
intraocular administration of cholera toxin β-subunit. Retinas from 
glaucoma patients were analyzed for expression of active AMPK.
Results: Ocular hypertension triggered rapid upregulation of AMPK 
activity in RGCs concomitant with loss of mTORC1 function. AMPK 
inhibition with compound C or siRNA effectively restored mTORC1 
activity and promoted an increase in total dendritic length, surface 
and complexity relative to control retinas. Attenuation of AMPK 
activity led to robust RGC soma and axon survival. For example, 
95% of RGCs (2983 ± 258 RGCs/mm2, mean ± S.E.M.) survived 
with compound C compared to 77% in vehicle-treated eyes (2430 ± 
233 RGCs/ mm2) (ANOVA, p<0.001) at three weeks after glaucoma 
induction (n=8-10/group). Importantly, blockade of AMPK activity 
effectively restored anterograde axonal transport. Lastly, RGC-
specific upregulation of AMPK activity was detected in human 
glaucomatous retinas relative to age-matched controls (n=10/group).
Conclusions: Metabolic stress in glaucoma involves AMPK 
activation and mTORC1 inhibition promoting early RGC dendritic 
pathology, dysfunction and neurodegeneration.
Commercial Relationships: Nicolas A. Belforte, None; Jorge 
Luis Cueva Vargas, None; Adriana Di Polo, None
Support: Canadian Institutes of Health Research (CIHR), Fonds de 
recherche du Québec – Santé (FRQS)


