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302 Angiogenesis
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Program #/Board # Range: 2445–2451
Organizing Section: Retinal Cell Biology

Program Number: 2445
Presentation Time: 8:30 AM–8:45 AM
Mechanisms of Repair and Remodeling of the Retinal 
Vasculature by Vascular Progenitor Cells in a Mouse Model of 
Retinopathy of Prematurity (ROP)
Sergio Li Calzi1, Lynn Shaw1, William Shelly2, Xiaoping Qi1, 
Judith Quigley1, Leni Moldovan1, Snow Wu3, Mircea Ivan3, 
Michael E. Boulton1, Mervin Yoder2, Maria B. Grant1. 
1Ophthalmology, Indiana Univesity, Indianapolis, IN;  
2Pediatrics-Neoatal Basic Research, Indiana University, Indianapolis, 
IN; 3Hematology/Oncology, Indiana University, Indianapolis, IN.
Purpose: We asked if intravitreal administration of the reparative cell 
populations, CD34+ cells (bone marrow-derived) and/or endothelial 
colony forming cells (ECFCs) (vascular wall-derived) could protect 
the retina in the oxygen-induced retinopathy (OIR) model by 
promoting vascular repair and remodeling.
Methods: OIR mouse model was used. Each pup received a single 
intravitreal injection of cells (human CD34+ isolated from peripheral 
blood, 10,000 cells; ECFCs-cord blood derived and expanded in 
culture, 100,000 cells; combination of CD34+ and ECFCs, 110,000 
cells). Experimental groups differed based on injection/euthanasia 
times (P5/P12, P5/P17, P12/P17). Whole retinas were stained for 
collagen IV to assess vaso-obliteration (VO) and neovascularization 
(NV). Additional immunohistochemical studies were performed 
to localize distribution of injected vascular progenitor cells and to 
examine blood vessel maturity. Proteomic analysis was performed on 
isolated pup retinas.
Results: Maximum VO was seen in the saline and CD34+ pups of the 
P5/P12 group (Saline = 22.3 ± 0.4%; CD34+ = 23.4 ± 0.8%,  
p = 0.1), while ECFCs and Combination showed significant reduction 
(ECFCs =1 8.4 ± 1.3%, p < 0.05; Combination = 20.0 ± 0.7%,  
p < 0.05). Cell injection at P12 reduced VO in all groups when 
compared to saline (Saline = 13.9 ± 0.9%; CD34+ = 5.7 ± 1.0%,  
p < 0.05; ECFC = 8.1 ± 0.7%, p < 0.05; Combination = 7.4 ± 1.0%,  
p < 0.05) and reduced NV (Saline = 13.3 ± 1.3%; CD34+ = 3.5 ± 
1.1%, p < 0.05; ECFC = 2.8 ± 0.7%, p < 0.05; Combination = 4.1 
± 0.6%, p < 0.05). Injection of either cell type alone at P5 did not 
prevent NV at P17; however, the combination of cells prevented NV. 
P5-injected ECFCs incorporated into, and stimulated Deep Vascular 
Plexus formation by P12. Proteomic analysis demonstrated that in 
OIR, FAK expression is increased by 14.3 ± 0.3% (p < 0.05), MMP2 
by 25.2 ± 0.3% (p < 0.05) while PTEN is reduced by 15.7 ± 0.2% 
(p < 0.05). However, treatment with CD34+ cells, ECFCs or their 
combination returns their expression to normoxic levels.
Conclusions: CD34+ cells and ECFCs and their combination reduced 
retinal VO and NV. In a hyperoxic environment the combination of 
cells orchestrates acceleration of vascular remodeling (stabilization 
and ensheathment) via PTEN, MMP2 and FAK pathways.
Commercial Relationships: Sergio Li Calzi, None; Lynn Shaw, 
None; William Shelly, None; Xiaoping Qi, None; Judith Quigley, 
None; Leni Moldovan, None; Snow Wu, None; Mircea Ivan, None; 
Michael E. Boulton, None; Mervin Yoder, None; Maria B. Grant, 
None
Support: NIH-NEI-5R01EY007739, NIH-HLBI-7R01HL110170, 
NIH-NEI-1R01EY025383,NIH-NEI- R01EY016077, Research to 
Prevent Blindness Unrestricted grant awarded to the Department of 
Ophthalmology at IUPUI.

Program Number: 2446
Presentation Time: 8:45 AM–9:00 AM
γ3-Containing Laminins Regulate Retinal Arterial 
Morphogenesis via Dystroglycan
Saptarshi Biswas, Galina Bachay, Dale D. Hunter, 
William J. Brunken. Ophthalmology, SUNY Upstate Medical 
University, Syracuse, NY.
Purpose: Deletion of the laminin γ3-gene (Lamc3) leads to arterial 
dys-morphogenesis and down-regulated Dll4 expression. In this 
study, we asked whether developmental defects in the Lamc3-/- 
retinal arteries persist under pathological stress, and identify how 
γ3-containing laminins regulate arterial Dll4 expression.
Methods: For oxygen induced retinopathy (OIR) studies, P7 
litters and dams were placed in 75% O2 until P12; then returned 
to normoxia until P15. Vascular phenotypes, arterial expression of 
dystroglycan (DG) and specific integrin subunits were measured by 
immunohistochemistry (IHC). For studies of DII4 regulation, human 
aortic endothelial cells (HAECs) were grown to confluence (3 days); 
DG function-blocking antibody was added to disrupt laminin-DG 
signaling. Dll4 expression levels in the HAECs were measured with 
IHC. To assess the effect of DG deletion in vivo, arterial branching 
and Dll4 expression were measured by IHC in endothelial cell  
(EC)-specific DG knockout retinas.
Results: Lamc3-/- retinas have hyper-branched arteries with reduced 
pruning and smooth muscle coverage. Under hypoxis stress P12 
Lamc3-/- mice showed significantly less vaso-obliteration (22%), 
hyper-branched arteries (~67%) and reduced arterial smooth muscle 
coverage (~16%), suggesting that developmental defects in the 
Lamc3-/- retinal arteries persist in pathological condition. At P15, 
OIR Lamc3-/- mice showed increased neo-vascular tuft formation 
relative to WT retina. Arterial expression levels of integrin subunits 
(α2/3/6 and β1) were unaffected in the Lamc3-/- retina, consistent 
with the inability of γ3-containing laminins to bind integrins. 
Interestingly, we observed that DG expression level was significantly 
down-regulated (α-DG: ~57%; β-DG: ~35%) in Lamc3-/- retinal 
arteries. EC-specific deletion of DG led to significant increase in 
arterial branching (~86%) and reduced Dll4 expression (~30%), 
phenocopying Lamc3 deletion. Finally, blocking laminin-DG binding 
in vitro significantly down-regulated Dll4 expression (~45%) in the 
HAECs, suggesting that laminin-DG signaling can directly induce 
endothelial Dll4 expression.
Conclusions: Our results suggest that γ3-containing laminins in the 
arterial BM signal through DG to regulate arterial morphogenesis by 
inducing arterial Dll4 expression in the retina.
Commercial Relationships: Saptarshi Biswas, None; 
Galina Bachay, None; Dale D. Hunter, None; William J. Brunken, 
None
Support: NEI EY12676, Unrestricted Grant from RPB to 
Department of Ophthalmology

Program Number: 2447
Presentation Time: 9:00 AM–9:15 AM
Deletion of P75NTR Stimulates Reparative Angiogenesis and 
Prevents Retinal Neovascularization in Ischemic Retinopathy: 
Possible contribution of TrkA receptor
Azza B. El-Remessy2, 3, Sally L. Elshaer1. 1Clin & Experimental 
Therapeutics, University of Georgia, Augusta, GA; 2Augusta 
Biomedical Research, Augusta, GA; 3VA Medical Center, Augusta, 
GA.
Purpose: Ischemic retinopathy is characterized by an initial 
microvascular degeneration followed by a maladaptive pathological 
retinal neovascularization (RNV) resulting in impaired neuro-
vascular function and visual impairment. There is urgent need to 
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identify druggable targets to overcome ischemic retinopathy. Given 
the role of neuron-secreted growth factors in regulating angiogenesis, 
we examined the vascular protective effects of genetic deletion of 
the neurotrophin p75NTR receptor in an oxygen-induced retinopathy 
mouse model.
Methods: Vascular density, number of tip cells, and perfusions of 
capillaries were assessed. Western Blot and PCR were used to assess 
levels of growth factors including vascular endothelial growth factor 
(VEGF), nerve growth factor (NGF), brain-derived nerve factor 
(BDNF) and its precursor proNGF, proBDNF as well as expression 
and activation of the receptors, sortilin, TrkA and VEGFR2.
Results: The results showed that deletion of p75NTR prevented 
hyperoxia-associated central vascular cell death and hypoxia-
associated RNV and enhanced reparative angiogenesis compared 
to WT. These effects were associated with decreased expression 
of apoptotic markers; c-PARP, total PARP and preserved survival 
signal Akt and restored the balance of increased NGF and decreased 
proNGF at the hyperoxic stage. During hypoxia, deletion of p75NTR 
restored NGF/proNGF and BDNF/proBDNF levels, and maintained 
VEGF and VEGFR2 activation compared to WT. Deletion of p75NTR 
resulted in significant increases in expression and activation of TkA, 
while WT showed decreases in both. Pharmacological inhibition of 
TrkA using compound K-252a (0.5μg/1μl) resulted in 2-fold increase 
in RNV and 1.34-fold increase in capillary dropout in P75NTR KO 
mice, but not in WT compared to vehicle-injected controls.
Conclusions: Deletion of p75NTR protected against retinal ischemia, 
through restoring neurotrophins levels and activating TrkA receptor. 
Thus, targeting p75NTR offers potential therapeutic strategy for 
treatment of ischemic retinopathy.
Commercial Relationships: Azza B. El-Remessy, None; 
Sally L. Elshaer, None
Support: predoctoral fellowship from American Heart Association 
(15PRE22830019) to SLE and RO-1 EY-022408 to ABE

Program Number: 2448
Presentation Time: 9:15 AM–9:30 AM
Activation of Nrf2 suppresses inflammation and semaphorin 6A 
signaling in oxygen-induced retinopathy
Yanhong Wei, Junsong Gong, Elia J. Duh. Ophthalmology, Johns 
Hopkins University, Baltimore, MD.
Purpose: Nrf2 acts as a master regulatory factor with cytoprotective 
antioxidant and anti-inflammatory properties. We have found that 
Nrf2 plays a protective role in retinal ischemia-reperfusion injury, 
diabetic retinopathy and oxygen-induced retinopathy (OIR). In 
a recent study, we demonstrated that Nrf2 promotes reparative 
angiogenesis via modulation of NADPH oxidase-2 (NOX2) in 
OIR. The objective of this study was to gain insights into the 
mechanism by which pharmacologic activation of Nrf2 promotes 
revascularization in OIR.
Methods: Mice were subjected to 75% oxygen from postnatal day 7 
(P7) to 12, followed by return to room air. Mice received intravitreal 
injection with 1 μL 24 nM CDDO-Im at P12 and P14. The human 
Müller cell line MIO-M1 was pretreated with CDDO-Im for 18h, 
followed by stimulation with Lipopolysaccharide (LPS). Quantitative 
RT-PCR was used to assess mRNA expression. Human retinal 
endothelial cells (HREC) were transfected with siRNA for 24 hours 
and then seeded on collagen for tube formation assay.
Results: Pharmacologic Nrf2 activation by CDDO-Im increased 
revascularization and suppressed pathologic neovascularization at 
OIR P17. CDDO-Im treatment induced Nrf2 target gene expression 
while suppressing NOX2 and inflammatory cytokines. Pretreatment 
with CDDO-Im suppressed LPS-induced IL-1β, CCL2, and ICAM1 
mRNA levels in a dose-dependent fashion in MIO-M1 cells. Retinas 

from mice treated with CDDO-Im exhibited decreased Sema6A 
mRNA levels. Plexin A2 (PlxnA2), a receptor for Sema6A, was 
detected in retinal blood vessels in OIR. Extracellular Sema6A 
treatment resulted in decreased HREC tube formation, and this effect 
was abrogated by siRNA-mediated knockdown of PlxnA2.
Conclusions: These studies suggest that activation of Nrf2 
suppresses inflammation and Sema6A/PlxnA2 signaling, which  
may play a key role in mediating enhanced revascularization by 
CDDO-Im treatment in OIR.
Commercial Relationships: Yanhong Wei, None; Junsong Gong, 
None; Elia J. Duh, None
Support: NIH EY022683 and Research to Prevent Blindness

Program Number: 2449
Presentation Time: 9:30 AM–9:45 AM
Foxp3+ Tregs are recruited to the retina to repair pathological 
angiogenesis
Jennifer L. Wilkinson-Berka2, 1, Dean M. Talia2, 1, Devy Deliyanti2, 1, 
Tong Zhu1, Mhairi Maxwell1, Alex Agrotis2, Steven Gerondakis3, 
Margaret Hibbs1, Fabienne Mackay4. 1Immunology, Monash 
University, Melbourne, VIC, Australia; 2Diabetes, Monash University, 
Melbourne, VIC, Australia; 3Biochemistry and Molecular Biology, 
Monash University, Clayton, VIC, Australia; 4School of Biomedical 
Sciences, Melbourne University, Parkville, VIC, Australia.
Purpose: Neovascular retinopathies are major causes of vision 
loss; yet current treatments to prevent the condition are inadequate. 
Although microglia activation has a causal role, whether Foxp3+ 
T regulatory cells (Tregs) are recruited to the retina and influence 
neovascular retinopathy is unknown. We hypothesized that Tregs are 
trafficked to the retina and their augmentation de-activates microglia 
and reduces vascular pathology.
Methods: Oxygen-induced retinopathy (OIR) was induced in 
C57BL/6J and Foxp3+ reporter mice by exposure to hyperoxia 
(75% O2) between postnatal days (P) 7-12 and room air until P18. 
OIR mice were treated with an IL-2/anti-IL-2 mAb complex or the 
adoptive transfer of Tregs prior to or during hyperoxia. Comparisons 
were to room air controls. Retinal vasculopathy (confocal microscopy 
and ELISA’s for leakage and angiogenic factors) and Treg numbers 
in lymphoid organs and blood (flow cytometry) and retina (confocal 
microscopy) were measured (N=32-38 mice/group). Microglial 
activation was assessed in retina (flow cytometry, confocal 
microscopy) and in co-culture with Tregs and a CTLA-4 blocking 
antibody that inhibits suppressive Tregs (2 independent experiments 
each with 3 replicates). A one-way ANOVA followed by a Mann 
Whitney U test or a Student’s test was used for statistical analysis.
Results: In OIR, Treg numbers transiently increased in lymphoid 
organs and retina in the period of acute retinal ischemia at P13, but 
declined when neovascularization was established. Both treatments 
boosted Treg numbers in lymphoid organs and blood (up to 10.1-
fold at P12 and 2.4-fold at P18) and retina (up to 4-fold at P18) 
and reduced retinal vaso-obliteration, neovascularization, leakage 
and pro-angiogenic mediators. Furthermore, Tregs contacted 
microglia, which were de-activated as demonstrated by a decrease in 
MHCII+CD45+CD11b+ cells and preservation of cell process length 
(p<0.01). These findings were corroborated in co-cultures, which 
exhibited reduced co-stimulatory molecules, CD40, CD80 and CD86 
and the secretion of TNFα and IL-6, events that were reduced by 
CTLA-4 blockade.
Conclusions: We demonstrated for the first time that Tregs are 
recruited to the retina and play a critical role in repair of the 
vasculature. These findings indicate that manipulation of Treg 
numbers is a previously unrecognized, effective and promising 
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novel avenue for therapies aimed at preventing blinding neovascular 
retinopathies.
Commercial Relationships: Jennifer L. Wilkinson-Berka; 
Dean M. Talia, None; Devy Deliyanti, None; Tong Zhu, None; 
Mhairi Maxwell, None; Alex Agrotis, None; Steven Gerondakis, 
None; Margaret Hibbs, None; Fabienne Mackay, None
Support: The Central Clinical School, Monash University, 
Melbourne, Australia

Program Number: 2450
Presentation Time: 9:45 AM–10:00 AM
Glycolysis promotes retinal revascularization in a mouse model of 
proliferative retinopathy
Jean-Sebastien Joyal1, 2, Sheetal Pundir2, Jin Sung Kim2, 
Emilie HECKEL3, Nicholas Kim2, Perrine Gaub1. 1Pediatrics, 
Pharmacology and Ophthalmology, Université de Montreal, 
Montreal, QC, Canada; 2Pharmacology and Therapeutics, McGill 
University, Montreal, QC, Canada; 3Pharmacology, Université de 
Montreal, Montreal, QC, Canada.
Purpose: Sirtuin-3 (Sirt3) is a mitochondrial deacetylase that 
regulates key enzymes of energy metabolism. In mitochondria, 
Sirt3 favors oxidative phosphorylation at the expense of glycolysis. 
However, glycolysis may provide a proliferative advantage through 
the Warburg effect, as seen in tumors. We therefore hypothesize that 
loss of Sirt3 shifts retinal energy metabolism towards glycolysis and 
promotes endothelial cell proliferation, enhancing retinal vascular 
regeneration.
Methods: Sirt3-/- and wild-type mice were used in a mouse model 
of oxygen-induced retinopathy (OIR). Eyes were collected from 
postnatal day 12 to 17, processed for flat mount, bromo-deoxyuridine 
labelling and immunostaining, the collection of proteins and RNA. 
Trace amount of 2-deoxyglucose (2DG) was injected to OIR mice 
from P11 to P16 to measure glucose uptake in retina. Aortic rings and 
spheroids were cultured ex-vivo to quantify vascular sprouts.
Results: Vaso-obliteration (VO) at P17 of WT (n=23) and Sirt3-

/- (n=26) retinas exposed to OIR showed 53% reduction in VO 
(P<0.0001), suggesting an increased revascularization rate. In 
line, pathological neovascularization was decreased by 40% (NV; 
P<0.0051) in Sirt3-/- retinas. More filopodias were observed per tip 
cells of Sirt3-/- retinas (P<0.0001; WT: n=23, Sirt3-/-: n=18). Retinal 
glucose uptake (3H-2DG) was also increased by 50% in Sirt3-/- mice 
(P=0.0014, n=8) compared to WT following OIR, likely contributing 
to the Warburg effect. Conversely, glycolysis inhibitor (3PO, 30-40 
μM) abrogates vessel sprouting (n=7-12, P<0.001) in aortic ring, 
highlighting the importance of glycolysis in angiogenesis.
Conclusions: Here we show that loss of Sirt3 improves retinal 
revascularization by shifting metabolism towards glycolysis.  
The increase in glycolysis in Sirt3-/- retinas may supply biosynthetic 
precursors required for prompt retinal revascularization, preventing 
vision loss.
Commercial Relationships: Jean-Sebastien Joyal; Sheetal Pundir, 
None; Jin Sung Kim, None; Emilie HECKEL, None; 
Nicholas Kim, None; Perrine Gaub, None
Support: Burroughs Wellcome Fund Career Awards for Medical 
Scientists

Program Number: 2451
Presentation Time: 10:00 AM–10:15 AM
Inflammatory signals from photoreceptor modulate pathological 
retinal angiogenesis via c-Fos
Ye Sun1, Zhiqiang Lin2, Chi-Hsiu Liu1, Yan Gong1, Raffael Liegl1, 
Steven Meng1, Samuel Burnim1, Zhongxiao Wang1, James D. Akula1, 
Jing Chen1, Lois E. Smith1. 1Ophthalmology, Boston Children’s Hosp/
Harvard Med Sch, Boston, MA; 2Cardiology, Boston Children’s 
Hospital, Boston, MA.
Purpose: Pathological neovessels grow into the normally avascular 
photoreceptors causing vision loss in many eye diseases such as 
age-related macular degeneration and macular telangiectasia, and 
the signals that regulate avascular privilege and their localization to 
photoreceptors are unknown. We identified a novel pathway by which 
c-Fos controls angiostasis/angiogenesis in the photoreceptor layer 
mediated through inflammatory signals in photoreceptors.
Methods: Very low-density lipoprotein receptor knockout 
(Vldlr -/-) mice, which develop pathological retinal and choroidal 
neovascularization in photoreceptor layer, were used as a mouse 
model. Vldlr +/- was used to generate littermate Vldlr -/- and Vldlr +/+. 
Real-time PCR, western blot and immunohistochemistry were used to 
analyze gene expression and protein localization. Confocal imaging, 
fundus fluorescein angiography and HE staining were used to  
identify phenotypes. Neovascularization was quantified using image 
J. Adeno-associated virus (AAV) was subretinally injected into 
postnatal day 1 (P1) mouse and retinas were collected at P16 for 
phenotype analysis. ERG was used to demonstrate the function of 
photoreceptor cells in mice. Results are presented as mean ± SEM 
and were compared using the 2-tailed unpaired t-test. Statistical 
analyses were performed with GraphPad Prism (v6.0).
Results: Vldlr -/- photoreceptors with violation of avascular 
privilege had increased c-Fos by ~5 fold at mRNA level at P12 
(p≤0.001, n=8), which induced inflammatory cytokines IL6 and 
TNFa, leading to activation of STAT3 and increased TNFAIP3. 
IL6-Activated STAT3 increased photoreceptor VEGFA directly. 
Elevated TNFAIP3 activated STAT3, which also increased VEGFA 
indirectly by suppressing SOCS3 expression. VEGF then induced 
neovascularization, breaching the avascular zone. Inhibition of c-Fos 
using photoreceptor specific AAV-sh_c-fos substantially reduced 
the pathological neovascularization by 75% (p≤0.001, n=10) at P16 
invading photoreceptors and rescued visual function in Vldlr -/- mice. 
Pharmacologic treatment with a c-Fos inhibitor, SR11302 suppressed 
retinal neovascularization by 48% in Vldlr -/- mice (p≤0.001, n=6) 
 at P16.
Conclusions: These findings suggested that photoreceptor 
c-Fos controls blood vessel growth into the normally avascular 
photoreceptor layer through the inflammatory signal-induced STAT3/
VEGFA pathway.
Commercial Relationships: Ye Sun, None; Zhiqiang Lin, None; 
Chi-Hsiu Liu, None; Yan Gong, None; Raffael Liegl, None; 
Steven Meng, None; Samuel Burnim, None; Zhongxiao Wang, 
None; James D. Akula, None; Jing Chen, None; Lois E. Smith, 
None
Support: NH gant EY024864, EY022275, EY017017, P01 
HD18655, EY024963


