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Diabetes impairs TRPV2 channel activity in rat retinal arterioles
Michael O’Hare, Mary McGahon, Hannah Ferrin, 
Graham McGeown, Tim Curtis. School of Medicine, Queens 
University Belfast, Belfast, United Kingdom.
Purpose: Retinal blood flow autoregulation has been shown to be 
disrupted in diabetic subjects prior to the onset of clinically evident 
retinopathy. It is known that the myogenic response is a crucial 
contributor to blood flow autoregulation in the retina. Recent studies 
from our group have shown that TRPV2 channels on retinal vascular 
smooth muscle cells (VSMCs) contribute to stretch-activated cation 
currents and myogenic constriction in retinal arterioles. We tested the 
hypothesis that the disruption of retinal arteriolar myogenic signalling 
during diabetes results from the impairment of TRPV2 channel 
activity.
Methods: The expression and functional activity of TRPV2 channels 
was compared in retinal arterioles isolated from streptozotocin-
induced diabetic rats of 3-months disease duration and aged-matched 
control animals. mRNA and protein expression for TRPV2 was 
assessed using real-time RT-PCR and confocal immunolabelling, 
respectively. TRPV2 functional activity was determined using patch-
clamp electrophysiology and arteriolar pressure myography.
Results: mRNA transcript levels for TRPV2 were ~45% lower 
in retinal arterioles from diabetic rats. Confocal imaging revealed 
clustering of TRPV2 channels within the cytosol and on the plasma 
membrane of retinal VSMCs. TRPV2 channel clusters were reduced 
in retinal VSMCs from diabetic rats (P<0.01). The extent of the 
reduction was similar to that observed for TRPV2 mRNA levels, 
although clusters of TRPV2 channels were still present on the plasma 
membrane of diabetic VSMCs. Stretch-activated TRPV2 channel 
activity was completely abolished in cell-attached patch-clamp 
recordings from diabetic VSMCs (P<0.01). When pressurised to 
40mmHg, isolated retinal arterioles from control animals developed 
myogenic tone that was reversed in the presence of the TRPV2 
inhibitor, tranilast (100µM). Retinal arterioles from diabetic animals 
failed to develop myogenic tone and were insensitive to tranilast 
exposure.
Conclusions: Our data suggest that TRPV2 channels are 
downregulated in retinal arterioles from diabetic animals and that the 
mechanisms that link membrane stretch to TRPV2 channel activation 
are also disrupted. These changes may explain why pressure 
autoregulation of blood flow is impaired in the diabetic retina.
Commercial Relationships: Michael O'Hare, None; 
Mary McGahon, None; Hannah Ferrin, None; 
Graham McGeown, None; Tim Curtis, None
Support: BBSRC, DEL
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Decorin-/- Depicts Structural and Vascular Abnormalities in Adult 
Mouse Retina
Shyam S. Chaurasia1, 2, Rayne R. Lim1, 2, Suneel Gupta1, 
Prashant R. Sinha1, Rajiv R. Mohan1, 2. 1Veterinary Medicine and 
Surgery, University of Missouri, Columbia, MO; 2Biomedical 
Sciences, University of Missouri, Columbia, MO.

Purpose: Decorin (Dcn) is a chondroitin/dermatan sulfate 
proteoglycan associated with cell proliferation and extracellular 
matrix assembly in the eye. A previous study has suggested its role 
in differentiation of retinal ganglion cells during development and 
neuronal repair after injury. The present study aims to investigate the 
functional role of Dcn in the adult mouse retina.
Methods: Eight-twelve weeks old C57Bl/6J and Dcn knockout (Dcn-

/-) mice were used in the study. Fundus photography and fluorescein 
fundus angiography (FFA) were performed using Micron IV. Lectin 
staining in retinal flat mounts and trypsin digests were made for the 
identification of vascular abnormalities. Retinal sections (8-10 mm) 
were used immunostaining for retinal cell markers. Retinal lysates 
were prepared for gene and protein profiling of angiogenic and 
inflammatory factors. Retinal cellular and structural abnormalities 
were observed using electron microscopy.
Results: Dcn-/- retina histology showed disrupted cellular architecture 
and overall reduction in retinal thickness. Fundus and FFA imaging 
of Dcn-/- retina showed reduced caliber (thickness) with increased 
tortuosity (curvature) and fractal dimensions (hyperbranching). 
Retinal trypsin digest of Dcn-/- indicated thinner capillaries with 
flattened endothelial cells and acellular capillaries. EM indicated 
severe cell loss and structural deformities. Dcn-/- mice retina showed 
increased expression of angiogenic and inflammatory factors. 
Immunostaining of retinal cell markers depicted loss of vascular 
integrity as seen by elevated expression of Collagen IV in the 
ganglion cell layer (GCL) and choroid. Increased VEGF production 
in Dcn-/- mice was further accompanied by activation of glutamine 
synthetase (GS, Muller cell marker) and CRALBP (Muller and RPE 
cell marker) staining.
Conclusions: This is the first study to characterize the functional 
role of Decorin in the maintenance of retinal structural integrity and 
vasculature.
Commercial Relationships: Shyam S. Chaurasia; Rayne R. Lim, 
None; Suneel Gupta, None; Prashant R. Sinha, None; 
Rajiv R. Mohan, None
Support: Startup fund from Department of Vet Med & Surgery to 
SSC and Harry S. Truman Memorial Hospital to RRM
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Lack of Raptor in the neural retina causes abnormalities 
in retinal vascular development, disorganization of retinal 
lamination and loss of visual acuity
Dejuan Kong, Heather Hager, Lynda Elghazi-Cras, Xuwen Liu, 
Patrice E. Fort, Thomas W. Gardner, Steven F. Abcouwer. 
Ophthalmology and Visual Science, University of Michgen, Kellogg 
Eye Center, Ann Arbor, MI.
Purpose: The mechanistic target of rapamycin (mTOR) kinase 
exists in two distinct complexes, mTORC1 and mTORC2, with only 
mTORC1 containing the regulatory-associated protein of mTOR 
(Raptor). mTORC1 is a key regulatory control point of metabolism 
and protein synthesis. Little is known about the role of mTORC1 
in retinal physiology. To determine if mTORC1 is necessary for 
retinal development the effect of negating mTORC1 function in the 
embryonic neural retina on visual acuity and retinal anatomy was 
examined.
Methods: Six3cre mice were bred with Rptorf/f mice to cause 
conditional knockout (cKO) of Raptor expression in the neural 
retina beginning at approximately embryonic day 9. Six3cre-Rptorf/f 
mice were compared to Six3cre and to Rptorf/f controls. PCR 
confirmed Rptor gene editing and qRT-PCR confirmed a decrease 
of Raptor mRNA expression in whole retinas. Optokinetic response 
monitoring was used to examine visual acuity at 8 weeks of age. 
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Optical coherence tomography (OCT) was used to examine retinal 
morphology and the presence of hyaloid vessels at 3 and 8 weeks of 
age. H&E staining of paraffin embedded retinal sections was used to 
examine retinal thickness and layer organization at 8 weeks of age. 
Calretinin immunofluorescence (IF) was used to examine lamination 
of the inner plexiform layer (IPL). Isolectin B4 (IB4) staining of flat-
mounted retinas and hyaloid vasculaturefrom mice at postnatal day 
12 (P12) was used to examine hyaloid vessel regression and retinal 
vessel development.
Results: Lack of mTORC1 resulted in a 90% deficit in mean 
visual acuity at 8 weeks of age compared to controls. OCT and 
H&E staining showed asymmetric thinness of the temporal retina 
and disorganization of retinal layers in 94% of Rptor cKO eyes. 
Calretinin IF demonstrated disorganization of amacrine cell processes 
strata in the inner plexiform layer (IPL). OCT also revealed the 
presence of persistent hyaloid vessels with associated retinal traction 
in Rptor cKO eyes at both 3 (100%) and 8 weeks (78%) of age. 
IB4 staining of P12 retinas revealed varying degrees (20-100%) 
of avascular area in Rptor cKO retinas, which was associated with 
degree of hyaloid vessel persistence.
Conclusions: Neural mTORC1 function is necessary for normal 
retinal development, hyaloid vessel regression, retinal vessel 
formation and visual acuity.
Commercial Relationships: Dejuan Kong, None; 
Heather Hager, None; Lynda Elghazi-Cras, None; Xuwen Liu, 
None; Patrice E. Fort, None; Thomas W. Gardner, None; 
Steven F. Abcouwer, None
Support: R01EY020582, NIH P30 EY007003, Taubman Scholar 
Grant.
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Caveolin-1 deficiency accelerates age-related loss of contractile 
smooth muscle cells on retinal arteries
Alaina Reagan1, 3, Sijalu Paudel2, Michael H. Elliott1, 3. 
1Ophthalmology/Neuroscience, OU Health Science Center, 
Oklahoma City, OK; 2Biology, Cameron University, Lawton, OK; 
3Dean McGee Eye Institute, Oklahoma City, OK.
Purpose: In vivo measurements of healthy aged human subjects 
have shown significant heterogeneity in retinal arterial diameter as 
a function of length but a cellular/molecular mechanism for these 
observations has not been identified. Caveolin-1 (Cav-1) regulates 
myogenic tone in part through inhibition of endothelial nitric oxide 
synthase and we have previously shown that Cav-1 deficiency affects 
retinal vessel caliber. In this study, we provide evidence that healthy 
aging in wildtype mice results in segmental loss of contractile smooth 
muscle cells (SMCs) and correlated arteriolar diameter changes and 
that this phenotype occurs at an earlier age in Cav-1 KO mice.
Methods: Retinal whole mounts were prepared from young  
(6-7 months old) and old (24-27 months old) C57Bl6/j and Cav-1 
KO mice, immunostained for vascular markers: CD31 (endothelium); 
alpha smooth muscle actin (αSMA; vascular SMCs); Cav-1, 
endothelium and mural cells) and/or NG2 (mural cells) and imaged 
by confocal microscopy. Contractile SMC coverage was analyzed 
using ImageJ software. In vivo imaging was performed on young and 
old transgenic mice expressing GFP under the aSMA promotor using 
Micron IV funduscopy.
Results: αSMA expression/coverage is significantly reduced 
(p<0.01; one-way ANOVA) in retinal arterioles from aged mice and 
show generalized increases in arteriolar diameters. Aged wildtype 
mice had significantly increased segmental loss, or gaps, of αSMA 
immunoreactivity that was usually associated with focal increases 
in arteriolar diameter compared to regions with αSMA coverage 

(number of gaps/area; p<0.001; one-way ANOVA.) The same 
age-related phenotype was observed at a younger age in Cav-1 KO 
compared to age-matched wildtype mice. αSMA coverage (p<0.001) 
and number of gaps/area (p<0.05) were significantly decreased and 
increased in the Cav-1 KO, respectively.
Conclusions: These data suggest that reduced expression of 
SMC contractile proteins in retinal arterioles is part of the normal 
aging process. Segmental loss of SMCs and focal increases in 
vessel diameters are consistent with functional studies showing 
microirregularities in arterial contractile responsiveness in aged 
human subjects. Cav-1 may control SMC phenotype/survival 
in retinal vessels. Declines in Cav-1 expression with age could 
contribute to alterations in retinal blood flow associated with aging.
Commercial Relationships: Alaina Reagan, None; Sijalu Paudel, 
None; Michael H. Elliott, None
Support: NIH R01EY019494, NIH core grant EY021725, NIH 
training grant T32-EY023202 and an unrestricted grant from 
Research to Prevent Blindness, Inc.
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Effects of Inhibition of PDGF Family Ligands and Receptors on 
Pericytes and Blood Vessel Morphology in the Developing Mouse 
Retina
rajeevalochan wudali, Eunice Cheung, George Yancopoulos, 
Carl Romano, Ivan Lobov. Ophthalmology, Regeneron 
Pharmaceuticals Inc., Tarrytown, NY.
Purpose: To determine the effects of neutralizing antibodies against 
PDGFRα, PDGFRβ, PDGF-B, and PDGF-D on the developing 
mouse retinal vasculature.
Methods: C57BL/6NTac pups were injected subcutaneously  
with either 3mg/kg or 25mg/kg of anti-PDGFRα, anti-PDGFRβ, anti-
PDGF-B, anti-PDGF-D antibodies or control Fc protein, at post-natal 
day two (P2). Eyes from these pups were harvested at post-natal day 
five (P5). Retinas were dissected from these eyes, stained, imaged 
and analyzed. Pericyte coverage was assessed using anti-NG2-
chondroitin sulfate proteoglycan (Millipore) and vasculature was 
visualized using GS Lectin I (Vector Labs).
Results: At 3mg/kg, anti-PDGFRβ treatment resulted in substantial 
pericyte depletion, and at 25mg/kg, almost complete pericyte 
depletion, abnormal blood vessel density and decreased blood vessel 
length. At 3mg/kg, anti-PDGF-B and anti-PDGF-D antibodies had 
no effect on retinal pericytes and blood vessel morphology. At a dose 
of 25mg/kg, anti-PDGF-B treated retinas showed partial pericyte 
depletion. Blocking PDGFRα had no effect on blood vessels or 
pericytes, at either dose.
Conclusions: Blocking PDGFRβ was highly effective at depleting 
pericytes from the developing retinal vasculature, while inhibiting 
either individual ligand for this receptor, or PDGFRα, was not.
Commercial Relationships: rajeevalochan wudali; 
Eunice Cheung, Regeneron Pharmaceuticals Inc. (E); 
George Yancopoulos, Regeneron Pharmaceuticals Inc. (E); 
Carl Romano, Regeneron Pharmaceuticals Inc. (E); Ivan Lobov, 
Regeneron Pharmaceuticals Inc. (E)

Program Number: 4057 Poster Board Number: B0030
Presentation Time: 8:30 AM–10:15 AM
Wnt inhibitors regulate hydrogen peroxide mediated tube 
formation and migration of human retinal microvascular 
endothelial cells
Chi Zhang, Sarah D. Ahadome, Elizabeth Tannous, Jie J. Zheng. 
Ophthalmology, UCLA, Los Angeles, CA.
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Purpose: Ocular neovascularization associated with retinopathy 
of prematurity is one of the primary causes of irreversible vision 
loss. The mechanisms involved in the occurrence of retinal 
neovascularization is still under investigation. One such mechanism 
is thought to be elevated Wnt signaling. It has been reported that 
Reactive Oxygen Species (ROS), such as hydrogen peroxide (H2O2), 
induces Wnt activity in pathological conditions. Several studies 
also report that H2O2 enhances angiogenesis. Thus we wanted to 
investigate the role of H2O2 and Wnt in tube formation of human 
retinal endothelial cells. We utilized novel small molecule Wnt 
inhibitors to see their effect on H2O2 mediated stimulates tube 
formation of primary human retinal microvascular endothelial cells 
(HRMEC) in vitro.
Methods: Quantitative PCR (qPCR) analysis of Axin2 was utilized 
to assess the inhibitory profile of Wnt inhibitors and activation profile 
of H2O2 upon Wnt signaling. HRMEC cells were seeded in matrigels 
and treated with H2O2, or H2O2 together with Wnt inhibitors or 
vehicle. Tube formation was examined via fluorescent microscopy. 
HRMEC cell migration was examined using culture inserts. 
HRMECs were seeded into culture-inserts and treated with H2O2 or 
H2O2 with inhibitors or vehicle. Migration rates were quantified by 
measuring the cell-free area using ImageJ.
Results: Application of H2O2 to the HRMEC cells lead to increased 
Axin2 mRNA expression. In contrast to this Wnt inhibitors attenuated 
H2O2 mediated Axin2 mRNA expression. Additionally, HRMEC cells 
treated with H2O2 in the presence of Wnt inhibitors exhibited lessened 
tube formation migration.
Conclusions: Application of small molecule Wnt inhibitors 
hampered the ability of HRMEC cells to form tubes and migrate 
during H2O2 treatment in vitro. These data suggest H202 induced, 
angiogenesis like, activity of HRMEC cells involves Wnt signaling. 
Therefore, these small molecule Wnt inhibitors may serve as useful 
tool to assess H2O2 mediated neovascularization mechanisms in vitro.
Commercial Relationships: Chi Zhang, None; Sarah D. Ahadome, 
None; Elizabeth Tannous, None; Jie J. Zheng, None
Support: NIH grant R01GM100909 and Research to Prevent 
Blindness
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Endomucin depletion inhibits pathologic retinal vascularization 
in vivo
Patricia A. D’Amore, Cindy Park-Windhol, Magali Saint-Geniez. 
Ophthalmology, Mass. Eye and Ear, Harvard Medical School, 
Boston, MA.
Purpose: Many ocular diseases such as retinopathy of prematurity 
(ROP) and wet age-related macular degeneration (AMD) involve 
abnormal retinal blood vessel growth. We previously demonstrated 
that endomucin-1 (EMCN), an endothelial cell-specific, sialic-rich 
glycoprotein, regulates normal retinal vessel development in vivo. 
Given that EMCN knockdown led to impaired developmental retinal 
vascularization, we examined the role of EMCN in the formation of 
pathological vessels.
Methods: The role of EMCN in pathologic vessel growth was 
assessed using the oxygen-induced retinopathy (OIR) and the laser-
induced choroidal neovascularization (CNV) murine-models. For the 
OIR model, C57BL/6J pups were exposed to 75% oxygen between 
postnatal day (P) seven (P7) to P12 then injected intravitreally with 
siEMCN or scrambled siRNA (siCtrl) upon return to room air at P12. 
The areas of vaso-obliteration and neovascularization were measured 
at P17, time of maximal angiogenic response. Laser-induced CNV 
was created in C57BL/6J mice using a 532 nm laser under direct 
visualization using the Micron® fundus camera (4 spots/eye; 50 uM 

size, 50 ms, 550 Mw). Following the laser treatment mice received 
a single intravitreal injection of siEMCN or siCtrl. Lesions were 
confirmed by optical coherence tomography. The areas of CNV and 
extent of vessel leakage were determined by fluorescein angiography 
on days 7 and 14 post-laser.
Results: Administration of siEMCN to mice following exposure 
to hyperoxia led to a reduction in avascular area (14.2±2.6% vs 
22.6±4.7%, P<0.05) and neovascularization (2.6± 0.3% vs 3.5% ± 
0.5%, P<0.05) in siEMCN retinas at P17 compared to siCtrl mice. 
At day 14, comparisons of fluorescein angiograms revealed that 
laser-induced CNV lesions in mice injected with siEMCN developed 
smaller and had significantly less leakage than in control mice 
(32.2±1.4% vs. 40.6±4.1%, P<0.05).
Conclusions: Reduction of EMCN expression using siRNA was 
associated with a reduction in pathological neovascularization in OIR 
and CNV. Our data indicate EMCN reduction/neutralization may be a 
potential therapy for treating pathologic ocular neovascularization.
Commercial Relationships: Patricia A. D'Amore, Eleven 
Biotherapeutics (S), AGTC (C); Cindy Park-Windhol, None; 
Magali Saint-Geniez, None
Support: NIH R01 EY005318, Knights Templar Young Investigator 
Starting Grant
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eNOS Modulates Notch Responsiveness in a Context Specific 
Manner
Denise M. McDonald, Henryk Stanikowski, Ninu Poulose. Centre for 
Experimental Medicine, Queen’s University Belfast, Belfast, United 
Kingdom.
Purpose: The Notch-DLL 4 signaling pathway regulates the 
proliferation and specification of endothelial cells (EC) into either 
tip or stalk cells. Its precise spatial and temporal regulation is critical 
to establishing a functional vascular network. We have previously 
shown that eNOS (endothelial nitric oxide synthase) augmentation 
increases EC proliferation as well as branch point formation in the 
retinal vasculature suggesting an interaction between eNOS and 
Notch. Our aim here is to investigate this potential cross-talk.
Methods: Methods: HEK 293 cells were stably transfected with 
a plasmid encoding an eNOS-GFP fusion construct (eNOS-GFP 
HEKs) and functionality of eNOS confirmed by nitrite assay and 
normal trafficking of eNOS-GFP to the plasma membrane and Golgi 
compartments. HEK 293 and eNOS-GFP HEK were transfected 
with DLL 4 and basal and DLL 4 mediated cleavage of Notch 1 
intracellular domain (NICD) quantified by western blotting in the 
presence or absence of the Notch inhibitor DAPT. The phenotype of 
the cells was analysed by microscopy and their response to activation 
analysed by comparative expression of the Notch target genes in 
transfected and non-transfected cell lines by qPCR.
Results: Results: Basally eNOS-GFP expressing cells demonstrated 
elevated Notch 1 and DLL 1 expression compared to the 
untransfected control HEK cells and displayed a more adhesive 
phenotype suggestive of a transition to an epithelial cell-type 
morphology. This correlated with an increase in expression of 
N-Cadherin and elevated sub-cellular localisation to cell-cell 
junctions. Despite increased Notch 1 expression and NICD levels 
there was only a marginal increase in expression of the Notch target 
gene Hes1. By comparison, in the presence of high levels of DLL 4 
achieved by DLL 4 overexpression, the presence of eNOS amplified 
the Notch signalling output evident as enhanced Hes 1 expression and 
a corresponding decrease in cell number in eNOS-GFP expressing 
cells.
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Conclusions: Conclusion: Taken together, using a cell culture model 
to manipulate eNOS and DLL 4 levels, we show that in the presence 
of low DLL 4 eNOS moderates the DLL 4-Notch 1 signaling axis. 
However, in the presence of high DLL 4 eNOS amplifies Notch 
responsiveness, suggesting a context specific role for the modulation 
of eNOS on Notch signalling.
Commercial Relationships: Denise M. McDonald, None; 
Henryk Stanikowski, None; Ninu Poulose, None
Support: British Heart Foundation
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Peptide Lv and Angiogenesis
Gladys Y. Ko, Liheng Shi, Michael L. Ko. Veterinary Integrative 
Biosciences, Texas A&M University, College Station, TX.
Purpose: Peptide Lv is a small bioactive peptide that is expressed in 
various tissues, including the retina and retinal endothelial cells. We 
previously showed that peptide Lv augments L-type calcium channels 
in cultured cells in part through activation of vascular endothelial 
growth factor receptor 2 (VEGFR2) signaling. We hypothesize that 
peptide Lv mimics VEGF as an angiogenetic factor and promotes 
angiogenesis in the retina.
Methods: We used in vitro and in vivo assays to determine whether 
peptide Lv promotes angiogenesis through enhancing endothelial cell 
proliferation and migration, as well as stimulating neovascularization 
during development. Cultured retinal endothelial cells (RECs) were 
treated with peptide Lv and/or VEGF at various concentrations. 
After 96 hr, RECs were harvested for cell proliferation assays using 
tetrazoliumdye 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) colorimetric assays. Human umbilical vein 
endothelial cells (HUVECs) were cultured on coverslips to 70% 
confluence. A scratch gap was made using a 200 µl-pipette tip. 
Cultures were treated with either PBS (control) or peptide Lv at 
various concentrations. Images were taken with an Olympus IX 71 
inverted microscope at various time points post-scratch, and cell 
migration distance from the scratch mark was measured. Lastly, 
newborn mice at postnatal day 7 (P7) were given an intraocular 
injection with PBS (control) in one eye and peptide Lv (2 µg/µl) in 
the other eye. After 6 days, whole mount retinas (P13) were fixed 
and stained with FITC-labeled isolectin-B4 to visualize the retinal 
vasculature.
Results: Treatments with VEGF at 10 ng/ml or peptide Lv at  
100 ng/ml significantly promoted REC cell proliferation. While 
treatments with VEGF at 1 ng/ml or peptide Lv at 10 or 50 ng/ml 
did not promote cell proliferation in cultured RECs, there was a 
synergistic effect between the two, since VEGF (1 ng/ml) + peptide 
Lv (10 ng/ml or 50 ng/ml) significantly enhanced REC proliferation. 
In addition, peptide Lv had a concentration-dependent effect in 
promoting HUVEC migration, and intraocular injections with peptide 
Lv, but not PBS, increased retinal vasculature density.
Conclusions: Peptide Lv mimics VEGF as an angiogenic factor and 
has a synergistic effect with VEGF in promoting endothelial cell 
proliferation.
Commercial Relationships: Gladys Y. Ko, None; Liheng Shi, 
None; Michael L. Ko, None
Support: NIHR21 EY023339 to GK
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Regulation of ocular angiogenesis by lncEGFL7OS through an 
epigenetic mechanism
Bo Yu1, Qinbo Zhou1, Chastain Anderson1, Jing Ma1, 
Shusheng Wang1, 2. 1Department of Cell and Molecular Biology, 
Tulane University, New Orleans, LA; 2Ophthalmology, Tulane 
University, New Orleans, LA.
Purpose: How long non-coding RNAs (lncRNAs) regulate 
angiogenesis, especially ocular angiogenesis, remains unclear. A 
novel human lncRNA, termed lncEGFL7OS, was recently identified 
by our lab. A series of assays revealed that lncEGFL7OS is required 
for human ocular angiogenesis at least partly through regulating 
its host genes EGFL7 and miR-126. The purpose of the project 
is to further study the functional mechanism of lncEGFL7OS in 
endothelial cells. We test the hypothesis that lncEGFL7OS regulates 
angiogenesis by regulating histone modification at the host gene 
locus.
Methods: RNA interferences, microRNA mimic or adenovirus 
overexpression approaches were used to regulate lncEGFL7OS 
and miR126 expression in endothelial cells. Real-time PCR were 
employed to confirm the regulation of the host genes EGFL7 
and miR-126 by lncEGFL7OS. Regulation of angiogenesis by 
lncEGFL7OS was examined using EC-fibroblast co-culture assays 
and ex vivo models. Chromatin remodeling of the host genes was 
analyzed by PCR after precipitation of chromatins with antibodies 
probing different histone modification status, including H3K4me1, 
H3K4me3 and H3K27ac3.
Results: We found that knockdown of lncEGFL7OS represses 
angiogenesis in vitro and ex vivo by regulating the expression of its 
host genes EGFL7 and miR-126. Overexpression of lncEGFL7OS 
has the opposite effect, consistent with an increase in H3K27ac3 and 
H3K4me3 modification at the host gene locus.
Conclusions: lncEGFL7OS regulates human ocular angiogenesis by 
regulating histone modification at its host gene locus. Manipulation 
lncRNA expression may have therapeutic implications for vascular 
retinopathies in humans.
Commercial Relationships: Bo Yu, None; Qinbo Zhou, None; 
Chastain Anderson, None; Jing Ma, None; Shusheng Wang, None
Support: NIH grants EY021862 and EY026069
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Role of Endothelial Nox4 in Retinal Vascular Development and 
Pathological Angiogenesis
Xixiang Tang1, 2, Joshua J. Wang1, Sarah X. Zhang1, 3. 1Department 
of Ophthalmology and Ross Eye Institute / SUNY Eye Institute, 
University at Buffalo, State University of New York, Buffalo, NY; 
2Advanced Medical Center, The Third Affiliated Hospital, Sun Yat-
sen University, Guangzhou, China; 3Department of Biochemistry, 
University at Buffalo, State University of New York, Buffalo, NY.
Purpose: NADPH oxidase 4 (Nox4) is a major isoform of NADPH 
oxidase in vascular endothelial cells. Our previous study has 
demonstrated that deletion of retinal Nox4 using small interference 
RNA reduces retinal neovascularization (NV) in oxygen-induced 
retinopathy (OIR); however, the role of endothelial Nox4 in retinal 
vascular development and pathological angiogenesis remains elusive. 
Here, we generated endothelial cell-specific Nox4 knockout  
(Nox4EC-KO) mice and investigated the role of endothelial Nox4 in 
retinal angiogenesis.
Methods: Nox4EC-KO mice were generated by crossing Nox4 floxed 
mice with Tie-2 Cre mice. Successful deletion of Nox4 in endothelial 
cells was confirmed by qPCR and western blot analysis using isolated 
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brain microvascular endothelial cell (BMEC) from NoxEC-KO mice. 
Development of the retinal vasculature was evaluated by Isolectin 
B4 (IB4) staining of retinal whole mounts at postnatal days 7 (P7), 
P12 and P17. The effect of endothelial Nox4 deletion on vascular 
obliteration and pathological retinal NV was assessed in OIR at P9 
and P17. Endothelial tip cells and signaling pathways of angiogenesis 
were examined by in vitro and in vivo studies.
Results: Compared to wild type (WT) mice, neonatal Nox4EC-KO mice 
exhibited reduced radial expansion of superficial vascular plexus, 
lower retinal vascular area, and fewer vascular branching points 
in the retina at P7. The number of tip cell with filopodia bursts in 
the front sprouting vessels was significant decreased in Nox4EC-KO 
mice. Further, the tip cells appeared to be disoriented with sparser, 
shorter, and thinner filopodia in the KOs. Analysis of the deep 
and intermediate layers of retinal blood vessels showed a delayed 
development and reduced vascular density in Nox4EC-KO at p12 and 
p17, respectively. In OIR, the Nox4 EC-KO mice developed less severe 
retinal NV while had no effect on vaso-obliteration. Mechanistically, 
Nox4 deletion significantly reduced expression of Vegf, Vegfr2, 
Cxcr4, Cdh5, Ang1, Ang2, eNOS, and Itga5, and decreased protein 
levels of VEGF and p-VEGF-R2 in BMECs.
Conclusions: Taken together, our data indicate that endothelial 
Nox4 is implicated in retinal vascular development and contributes 
to hypoxia-induced pathological retinal angiogenesis. Targeting 
endothelial Nox4 may represent a promising therapeutic approach for 
retinal neovascular diseases such as proliferative diabetic retinopathy.
Commercial Relationships: Xixiang Tang, None; Joshua J. Wang, 
None; Sarah X. Zhang, None
Support: NIH/NEI grants EY019949 and EY025061, and an 
Unrestricted Grant to the Department of Ophthalmology, SUNY-
Buffalo, from Research to Prevent Blindness.
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Human opticin reduces pathological preretinal 
neovascularization in the mouse model of oxygen-induced 
retinopathy
Izabela P. Klaska1, Catherine Orr2, Anne White2, Pilar Villacampa 
Alcubierre1, Laura Abelleira Hervás1, Justin Hoke1, 
Catey V. Bunce3, Richard Unwin4, Garth Cooper4, Paul N. Bishop2, 
James W. Bainbridge1. 1Genetics, University College London, 
Institute of Ophthalmology, London, United Kingdom; 2School of 
Biological Sciences, University of Manchester, Manchester, United 
Kingdom; 3King’s College London, London, United Kingdom; 
4School of Medical Sciences, Faculty of Biology, Medicine & Health, 
University of Manchester, Manchester, United Kingdom.
Purpose: To investigate the therapeutic potential of recombinant 
human opticin in retinal ischemia and neovascularization.
Methods: Recombinant human opticin was expressed in 293 
cells and purified from conditioned media using a three stage 
chromatography process. To determine the effect of opticin on 
pathological pre-retinal neovascularisation and retinal vascular 
regeneration we injected it intravitreally in mice with accelerated 
oxygen-induced retinopathy at postnatal day 11. We measured the 
extent of retinal neovascularisation and residual vascular regression 
at postnatal day 16 by image quantification of fluorescently-labelled 
vasculature in retinal flat-mounts. The untreated contralateral eye 
served as an intra-individual control. We compared the effect of 
opticin with that of PBS and aflibercept.
Results: Intravitreal injection of recombinant human opticin reduced 
the extent of preretinal neovascularisation by 61%, relative to the 
untreated contralateral eyes. By comparison, injection of PBS 
resulted in 42% reduction and aflibercept resulted in 66% reduction.

Conclusions: Local administration of recombinant human opticin 
reduces pre-retinal neovascularisation in mice and offers the potential 
for benefit in people with sight impairment owing to retinal ischemia 
and neovascularization.
Commercial Relationships: Izabela P. Klaska; Catherine Orr, 
None; Anne White, None; Pilar Villacampa Alcubierre, 
None; Laura Abelleira Hervás, None; Justin Hoke, None; 
Catey V. Bunce, None; Richard Unwin, None; Garth Cooper, 
None; Paul N. Bishop, Opticin Therapeutics (P), Opticin 
Therapeutics (I); James W. Bainbridge, None
Support: MRC DPFS grant (MR/M025365/1)
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COMPARISON BETWEEN RETINAL VASCULAR 
MORPHOLOGY OF FULL-TERM SMALL NEWBORNS FOR 
GESTATIONAL AGE AND OF FULL-TERM APPROPRIATE 
NEWBORNS FOR GESTATIONAL AGE USING RETCAM®
Joao Paulo M. Gama, Gabriela martines, marcelo costa, Maria 
Auxiliadora Frazão, Homero Miranda, john chao, Teruo Aihara. 
Santa Casa of São Paulo Institute, Sao Paulo, Brazil.
Purpose: This study’s goal is to compare the retinal vascular 
morphology of newborns small for gestational age (SGA) and of 
newborns appropriate for gestational age (AGA), and to evaluate if 
the weight at birth related to gestational age has any influence on the 
retinal angiogenesis.
Methods: Digital photographs of ocular fundus were obtained from 
42 full term newborns using the RetCam Shuttle®. The newborns 
were divided into two groups according to their weight: SGA and 
AGA. A digital analysis of the photographs was made, and four 
indexes were calculated: venous length index, arteriole length 
index, number of venous branching points and number of arteriole 
branching points (fig 1).
Results: The AGA group had a median birth weight of 3.189g  
(n = 21). The SGA group had a median birth weight of 2.600g  
(n = 21). The SGA group had a smaller venous index (1,089 ± 0,083) 
in comparison with the AGA group (1,102 ±0,084), p = 0,0026 and  
α = 5%, as well as a smaller arteriole index (1,061 ±0,063) compared 
to the AGA group (1,091 ±0,090), p = 0,0001 and α = 5% (figs 2 and 
3). In addition, the SGA group had a smaller number of venous and 
arteriole branching points compared to the AGA group.
Conclusions: The retinal vascular morphology of SGA full-term 
newborns was abnormal when compared to AGA full term newborns, 
which demonstrates the influence of the weight at birth related to 
gestational age in the retinal angiogenesis. There are not described 
studies relating birth weight and gestational age infants at term, 
without comorbidity, with retinal angiogenesis. The importance of 
this study, then, it is to demonstrate to ophthalmologic and pediatric 
class that newborns at term, classified as SGA’s, have a risk factor 
determining an abnormal retinal angiogenesis, in isolation.
Therefore, further studies should be made in such line of research to 
evaluate the evolution of these findings.
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Commercial Relationships: Joao Paulo M. Gama, None; 
Gabriela martines, None; marcelo costa, None; Maria 
Auxiliadora Frazão, None; Homero Miranda, None; john chao, 
None; Teruo Aihara, None
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Hepatocyte growth factor (HGF) stimulates ocular 
neovascularization and vascular leakage and may contribute to 
NV and macular edema in ischemic retinopathies
Valeria E. Lorenc, Raquel Formica, Seth D. Fortmann, Yogita Kanan, 
Sean Hackett, Peter A. Campochiaro. Ophthalmology, Johns Hopkins 
University, Wilmer Eye Institute, Baltimore, MD.
Purpose: To investigate the effects of hepatocyte growth factor 
(HGF) on retinal and choroidal vasculature and its role of in ocular 
neovascularization and vascular leakage.
Methods: HGF mRNA was measured in retinas of mice with 
oxygen-induced ischemic retinopathy (OIR) and controls by qRT-
PCR. At P12, mice with OIR were given an intravitreous injection 
of anti c-Met (0.45µg) or HGF (0.5µg) in one eye and mouse IgG 
(0.45µg) or albumin (0.5µg) in the other eye; and at P17 the area of 
NV was measured. Adult mice were given an intravitreous injection 
of anti-c-Met (0.45µg) or HGF (0.5µg) in one eye and mouse IgG 
(0.45µg) or albumin (0.5µg) in the other; and then had laser-induced 
rupture of Bruch’s membrane in each eye. After 7 days the area 
of choroidal NV was measured. Adult mice had injection of HGF 
(0.5µg) or VEGF (0.5µg) in one eye and mouse IgG in the other 
and after 1 or 3 days the amount of serum albumin in the retina was 
measured by ELISA and western blot.
Results: HGF mRNA was significantly increased in retinas from OIR 
mice compared to those from room air controls at P15 (1446±154 
vs 991±72 HGF transcripts/106 cyclophillin A transcripts, p= 0.02) 

and P17 (1327±61 vs 1009±79 HGF transcripts/106 cyclophillin 
A transcripts, p=0.007). The area of retinal NV in OIR mice was 
significantly reduced in eyes injected with anti-c-Met compared with 
IgG (1.01±0.08 vs 1.39±0.11 mm2, p=0.007) and was significantly 
increased in eyes injected with HGF compared with albumin (2.31± 
0.22 vs 1.56± 0.15 mm2, p=0.01). The area of choroidal NV was not 
significantly decreased in eyes injected with anti-c-Met compared 
with IgG (0.012±0.001 vs 0.017±0.002 mm2, p=0.14), but was 
significantly increased in eyes injected with HGF compared with 
albumin (0.026±0.006 vs 0.013±0.002 mm2, p= 0.04). In normal 
mice, there was a significant increase in albumin in the retina at 1 and 
3 days after injection of HGF; and was increased at 1, but not 3 days 
after injection of VEGF.
Conclusions: Expression of HGF is increased in ischemic retina and 
injection of HGF stimulates growth of retinal and choroidal NV and 
causes retinal vascular leakage. Inhibition of c-Met suppresses retinal, 
but not choroidal NV. These data suggest that HGF may contribute to 
NV and macular edema in eyes with ischemic retinopathy.
Commercial Relationships: Valeria E. Lorenc, None; 
Raquel Formica, None; Seth D. Fortmann, None; Yogita Kanan, 
None; Sean Hackett, None; Peter A. Campochiaro, None
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Small molecule inhibition of ferrochelatase blocks ocular 
angiogenesis in vitro and ex vivo
Trupti Shetty1, Sheik Pran Babu Sardar Pasha2, Rania S. Sulaiman2, 
Halesha D. Basavarajappa3, Kamakshi Sishtla2, Christian Briggs2, 
Timothy W. Corson2. 1Pharmacology, Indiana University, 
Indianapolis, IN; 2Opthalmology, Indiana University, Indianapolis, 
IN; 3Biochemistry & Molecular Biology, Indiana University, 
Indianapolis, IN.
Purpose: Pathologic neovascularization is a factor in many 
blinding eye diseases. We previously identified an enzyme of heme 
biosynthesis, ferrochelatase, as playing a role in mediating ocular 
angiogenesis. Knockdown of this enzyme decreases angiogenic 
properties of human retinal endothelial cells. Interestingly, an 
FDA-approved antifungal drug, griseofulvin, inhibits ferrochelatase 
as an off-target effect and has similar antiangiogenic effects 
to ferrochelatase inhibition in the laser-induced choroidal 
neovascularization mouse model. Here, we aim to explore the effects 
of griseofulvin and its active metabolite on retinal and choroidal 
neovascularization using ocular endothelial cells and ex vivo 
sprouting assays.
Methods: We tested griseofulvin and its ferrochelatase-inhibiting 
metabolite N-methylprotoporphyrin (NMPP) on Rhesus macaque 
choroidal endothelial cells (RF/6A cells) in proliferation, apoptosis, 
scratch-wound healing, and tube formation assays. Griseofulvin was 
also examined for any effects on ocular non-endothelial cell types, 
human retinal pigment epithelial (ARPE-19), retinoblastoma (Y79) 
and uveal melanoma (92.1) cells. We further performed an ex vivo 
murine angiogenesis assay, testing the effects of griseofulvin on 
endothelial sprouting of retinal fragments ex vivo isolated from  
4-5 week old C57BL/6 mice.
Results: Griseofulvin and NMPP both decreased proliferation of 
RF/6A cells, without inducing apoptosis (GI50 = 77 µM and 49 µM, 
respectively). This antiproliferative effect was reversible in a washout 
experiment. These compounds also blocked migration and tube 
formation of RF/6A cells. Griseofulvin had no antiproliferative effect 
on other ocular non-endothelial cell types. Importantly, 20 µM and 40 
µM griseofulvin profoundly inhibited endothelial sprouting of retinal 
explants ex vivo by nearly 80% compared to the vehicle control.
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Conclusions: Griseofulvin has promising therapeutic effects on 
both retinal and choroidal angiogenesis without toxicity at effective 
doses in vitro. We postulate that griseofulvin could be repurposed 
as a therapeutic drug to treat aberrant neovascularization in ocular 
diseases.
Commercial Relationships: Trupti Shetty, None; Sheik 
Pran Babu Sardar Pasha, None; Rania S. Sulaiman, 
None; Halesha D. Basavarajappa, Indiana University 
(P); Kamakshi Sishtla, None; Christian Briggs, None; 
Timothy W. Corson, Indiana University (P)
Support: NIH R01EY025641, Research to Prevent Blindness, Inc.
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Fundamentally different mechanisms regulate angiogenesis in the 
retina and choroid
Zaheer Ali4, Anthony Mukwaya1, Anton Lennikov1, Beatrice Peebo1, 
Neil S. Lagali1, Yihai Cao2, Julianna K. Olovsson3, Lasse Jensen4. 
1Opthomology, Institute of Clinical and Experimental Medicine, 
Linköping University, Linkoping, Sweden; 2Department of 
Microbiology, Tumor and Cell Biology, Karolinska Institute, 
Stockholm, Sweden; 3Physiology and Pharmacology, Karolinska 
Institute, Stockholm, Sweden; 4Cardiovascular medicine, Institute 
of Medical and Health Sciences, Linköping University, Linkoping, 
Sweden.
Purpose: The molecular and cellular mechanisms underlying the 
angiogenic switch in wet AMD are poorly understood. Commonly 
used rodent models, including the laser-induced choroidal 
neovascularization (CNV) model, incompletely recapitulate the 
clinical disease history of patients developing wet AMD, especially 
considering that most patients present with occult rather than classical 
CNV, and thus have a relatively intact RPE/Bruch’s membrane and 
exclusively sub-retinal vessel growth and edema, unlike the situation 
in the laser-induced CNV model in rodents. Our hypothesis is that 
zebrafish may constitute an attractive alternative model system for 
occult CNV. The purpose of our research is to demonstrate hypoxia-
induced, occult CNV in adult zebrafish and to delineate previously 
unknown mechanisms underlying this process.
Methods: Zebrafish have recently emerged as powerful systems for 
mechanistic studies of disease development, including photoreceptor 
degeneration and pathological changes in the retinal vasculature. 
Here we take advantage of a recently developed hypoxia-induced 
angiogenesis model in adult zebrafish, coupled with transcriptomic 
profiling, histological evaluations and pharmacologic inhibition 
studies, to study the mechanisms underlying occult CNV.
Results: As the zebrafish choroid vasculature is poorly characterized, 
here we first present a comprehensive, comparative anatomical, 
physiological, cellular and molecular characterization of choroidal 
vessels in adult zebrafish. We found that the choriocapillaries 
are highly similar to those found in humans and other mammals 
both anatomically, histologically and physiologically. We further 
demonstrate that treatment with hypoxic water (10% of the oxygen 
found in air-saturated water) during 10 days is sufficient to induce 
robust CNV without impairing the RPE/Bruch’s membrane barrier. 
Interestingly, hypoxia-induced CNV occurred by an intussusception-
like process. We found that hypoxia-induced CNV require VEGF-
A-VEGFR2 signaling which lead to intussusception through 
reorganizing the microtubule, but not the actin cytoskeleton in the 
endothelial cells.
Conclusions: The findings presented here demonstrate that zebrafish 
constitute an important alternative to mouse models for (occult) CNV 
and therefore wet AMD research, that hypoxia as an isolated factor 

drives CNV and that occult CNV may primarily occur by a process 
resembling intussusception.
Commercial Relationships: Zaheer Ali; Anthony Mukwaya, 
None; Anton Lennikov, None; Beatrice Peebo, None; 
Neil S. Lagali, None; Yihai Cao, None; Julianna K. Olovsson, 
None; Lasse Jensen, None
Support: Vetenskapsrådet, Sweden
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Aflibercept Action in a Rabbit Model of Chronic Retinal 
Neovascularization: Extended, Reversible Inhibition of 
Pathological Leak with Dose-dependent Duration
Jingtai Cao, Thomas C. MacPherson, Bibiana Iglesias, Yang Liu, 
Natasha Tirko, Stanley J. Wiegand, George Yancopoulos, 
Carl Romano. Ophthalmology, Regeneron Pharmaceuticals Inc, 
Tarrytown, NY.
Purpose: Intravitreal Aflibercept (Eylea) is approved for the 
treatment of neovascular Age-related Macular Degeneration (AMD), 
macular edema following retinal vein occlusion (RVO), Diabetic 
macular edema (DME) and Diabetic Retinopathy (DR) in patients 
with DME. The purpose of this study was to evaluate the effects of 
Aflibercept in an animal model of chronic retinal neovascularization 
(RNV) in rabbit, induced by intravitreal injection of a gliotoxin,  
DL-alpha-aminoadipic acid (AAA).
Methods: Adult male New Zealand White rabbits (2.0-2.5kg) 
received AAA intravitreally (IVT), with follow-up examinations by 
fluorescein angiography (FA) and optical coherence tomography 
(OCT). After 10 weeks of follow-up, rabbits were divided into 
treatment or control groups with an equal distribution of RNV. 
Intravitreal Aflibercept was given at 25 mcg, 125mcg, or 500 
mcg/50 mcl/eye, and control group received buffer or human Fc 167 
mcg/50mcl IVT. FA and OCT were performed at baseline and weekly 
(weeks 1 to 20) post IVT treatment. RNV leak was quantified by 
image analysis with ImageJ and Photoshop Extended CS6 software. 
At some time-points, the eyes were collected for histological analysis.
Results: Within a few days after IVT injection, AAA produced retinal 
degeneration over a large but incomplete fraction of the neural retina, 
usually the 50% on the side of the injection. RNV formed in the 
damaged area over 6-8 weeks, and by 10 weeks the RNV had a stable 
morphology and amount of leak. The vascular pathology and leak 
were qualitatively and quantitatively stable for at least  
65 weeks. Treatment with buffer or human Fc did not affect RNV 
leak, but intravitreal aflibercept at doses above 10 mcg completely 
blocked RNV leak. The inhibition was reversible, and the leak 
returned as the drug cleared. The duration of anti-leak effects with 
500 mcg aflibercept was about 8 weeks and with 125 mcg dose, about 
3-4 weeks.
Conclusions: Most other models of RNV involve vascular 
pathologies that resolve spontaneously in several weeks when 
untreated. This model mimics a chronic human disease in its 
stability and persistence, and the anti-leak action of aflibercept is 
fully reversible with a dose-dependent duration. This large eye 
model is therefore uniquely suitable for investigations into novel 
pharmacotherapies and formulations for retinal angiogenic diseases.
Commercial Relationships: Jingtai Cao, Regenton 
Pharmaceuticals, Inc. (E); Thomas C. MacPherson, Regeneron 
Pharmaceuticals, Inc. (E); Bibiana Iglesias, Regeneron 
Pharmaceuticals, Inc (E); Yang Liu, Regeneron Pharmaceuticals, 
Inc (E); Natasha Tirko, Regeneron Pharmaceuticals, Inc (E); 
Stanley J. Wiegand, Regeneron Pharmaceuticals, Inc (E); 
George Yancopoulos, Regeneron Pharmaceuticals, Inc (E); 
Carl Romano, Regeneron Pharmaceuticals, Inc (E)
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Co-administration of an Antibody to Angiopoietin2 Extends the 
Duration of the Anti-Vascular Leak Activity of Aflibercept in a 
Model of Sustained Retinal Neovascularization (RNV)
Thomas C. MacPherson, Bibiana Iglesias, Yang Liu, 
Stanley J. Wiegand, George Yancopoulos, Jingtai Cao, Carl Romano. 
Ophthalmology, Regeneron Pharmaceuticals Inc., New York, NY.
Purpose: Purpose: Ligands and receptors of both the VEGF and 
angiopoietin families are critical for normal vascular development 
and both have been implicated in pathological angiogenesis. In 
adults, Ang2 is expressed at low levels in endothelial cells of 
healthy blood vessels, but at high levels in pathological vessels. 
In the presence of VEGF, Ang2 has been shown to promote 
neovascularization. This study investigated if suppression of VEGF-A 
and Ang2 may lead to a more pronounced effect on pathological 
neovascularization than anti-VEGF treatment alone in a model of 
sustained RNV.
Methods: Methods: Male New Zealand White rabbits weighing 
2.0-2.5 kg received AAA intravitreally (IVT), with follow-up 
examinations by fluorescein angiography (FA) and optical coherence 
tomography (OCT). After 10 weeks, rabbits were divided into 
treatment or control groups with an equal distribution of RNV. 
Animals were administered a single 50 µl IVT dose of buffer (n=6), 
anti-Ang2 (REGN910, a fully human, monoclonal, Ang2 neutralizing 
antibody; 500 µg/eye, n=13), aflibercept (125 ug/eye, n=5; or  
500µg/eye, n=6), or a co-formulation of anti-Ang2 and aflibercept 
(500µg anti-Ang2 and 500µg aflibercept/eye, n=6; or 500µg anti-
Ang2 and 125µg aflibercept/eye, n=8). Animals recieved the same 
treament in both OD and OS. FA and OCT were performed at 
baseline and weekly (weeks 1 to 20) post IVT treatment. Retinal NV 
leak was quantified using Photoshop CS6. At different time-points, 
the eyes were collected for histology analysis.
Results: Results: Treatment with aflibercept completely suppressed 
vascular leak after treatment, and leak reappeared between 2 and 
3 weeks in the low dose and 7 and 8 weeks post administration in 
the high dose groups. REGN910 alone did not alter pathological 
leak. Delivery of the co-formulation completely suppressed 
vascular leak and resulted in an extension in the period of disease 
remission compared to aflibercept monotherapy, with very minor 
leak reappearing between 8 and 9 weeks post-administration in both 
dosing groups.
Conclusions: Conclusion: These findings indicate that, in this pre-
clinical model, co-formulation of IVT anti-Ang2 and aflibercept 
substantially enhances the duration of anti-leak effects compared to a 
single IVT injection of aflibercept or anti-Ang2 alone.
Commercial Relationships: Thomas C. MacPherson, Regeneron 
Pharmaceuticals (E); Bibiana Iglesias, Regeneron Pharmaceuticals 
(E); Yang Liu, Regeneron Pharmaceuticals (E); Stanley J. Wiegand, 
Regeneron Pharmaceuticals (E); George Yancopoulos, Regeneron 
Pharmaceuticals (E); Jingtai Cao, Regeneron Pharmaceuticals (E); 
Carl Romano, Regeneron Pharmaceuticals (E)
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Hypoxic-Ischemic Insult Disrupts Normal Retinal Vascular 
Developmen
Nader Sheibani1, Ismail Zaitoun1, Pelin Cengiz2, Ulas Cikla2, 
Eshwar Udho2, Dila Zafer2, Christine M. Sorenson2. 1Ophthalmology 
and Visual Sciences, Univ of Wisconsin-Madison, Madison, WI; 
2Pediatrics, University of Wisconsin-Madison, Madison, WI.
Purpose: A majority of surviving children with hypoxic-ischemic 
(HI) encephalopathy develop various visual impairments. These 

visual defects are generally attributed to injuries to cerebral cortex 
and perhaps visual processing systems. Recent evidence also suggests 
neuronal damage in the retina. Whether retinal vascular damage 
occurs after hypoxic-ischemic insult remains unknown.
Methods: The day of birth was considered postnatal day zero 
(PND0). HI injury was induced in PND9 C57BL/6J mice according 
to Vannucci’s HI procedure. Briefly, the left common carotid artery 
was electrosurgically cauterized and the whole animal was exposed 
to 10% O2 and 90% N2 at 37°C for 50 min. Sham operated mice 
underwent similar procedures without actual cauterization or hypoxia 
exposure. At PND12, different days after the HI insult, animals were 
sacrificed and eyes were enucleated and fixed. The retinal vasculature 
integrity was assessed by both wholemount and cryosection 
immunostaining and confocal microscopy.
Results: Our results showed that the blood vessels on the surface of 
the retina were pathologically enlarged with signs of degeneration. 
Attenuation of deep retinal vessel expansion was resulted in an 
avascular retinal periphery. Retinal vascular damage was apparent 
as early as one-day post HI insult. Moreover, we found vascular 
abnormalities persisted, with little signs of recovery from the 
acquired vascular lesions, even after 100 days post HI insult.
Conclusions: The HI insult resulted in abnormal retinal 
vascularization. These vascular malformations and deficiency could 
exacerbate neuronal damage in the retina. Thus, our findings urge the 
need for developing therapeutic strategies to protect neurovascular 
dysfunction not only in brain but also retina.
Commercial Relationships: Nader Sheibani, None; 
Ismail Zaitoun, None; Pelin Cengiz, None; Ulas Cikla, None; 
Eshwar Udho, None; Dila Zafer, None; Christine M. Sorenson, 
None
Support: This work was supported by National Institutes of Health 
Grants EY022883 and P30 EY016665, Environmental Protection 
Agency 83573701, and an unrestricted departmental award from 
Research to Prevent Blindness. NS is a recipient of Alice R. 
McPherson-Retina Research Foundation Chair.
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Oxidative stress suppresses choroidal revascularization via a 
Tp53-dependent pathway in oxygen-induced retinopathy (OIR)
Tianwei (Ellen) Zhou1, 2, Tang Zhu3, Samy Omri3, Raphaël Rouget3, 
Houda Tahiri2, Jose C. Rivera2, Stanley Nattel1, 3, Sylvain Chemtob3, 2. 
1Pharmacology and Therapeutics, McGill University, Montreal, QC, 
Canada; 2Hôpital Maisonneuve-Rosemont, Montreal, QC, Canada; 
3University of Montreal, Montreal, QC, Canada.
Purpose: Retinopathy of prematurity (ROP) is a serious complication 
in premature infants. Although the inner retina is immediately 
impaired in ROP, photoreceptor malfunction, retinal pigment 
epithelium (RPE) injury and subretinal hypoxia are also observed. 
These damages appear to result from a sustained thinning of choroid, 
the major retinal blood supple. Reparative angiogenesis following 
initial endothelial injury is highly desirable as prolonged ischemia-
hypoxia can cause irreversible tissue damage. Paradoxically, in 
oxygen-induced retinopathy (OIR), choroidal involution is persistent 
despite severe subretinal hypoxia (which would normally trigger 
revascularization).
High O2 tension contributes to ROP; and oxidative stress is known to 
suppress vascular repair. In OIR, tumour suppressor p53  
(Tp53, a key regulator of angiogenesis) is activated by retinal 
oxidative stress. Here, we examined the molecular mechanism 
through which Tp53 suppresses choroidal revascularization.
Methods: The OIR model was induced by exposing Sprague-Dawley 
rat pups to cycling O2 (10%/50%) from postnatal day (P)1 to P14. 
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Angiogenic capacity was examined via ex-vivo choroidal explant 
assay. Small interference RNA (siRNA) targeting p53 was designed 
and introduced to rats through subretinal injection. Protein and 
mRNA levels were assessed via western blot and qPCR.
Results: Starting on P3 of OIR, NADPH oxidases, the major 
producers of reactive oxygen species, were significantly upregulated 
in RPE and choroid, whereas superoxide dismutases 1 and 2 
(antioxidant defense) were insufficient. Accordingly, Tp53 was 
promptly upregulated and activated. Transcriptomic profiling, qPCR 
and western blot analyses confirmed curtailed insulin-like growth 
factor 1 receptor (IGF1R) level. Interestingly, abrogation of Tp53 
via siRNA rescued the expression of IGF1R, insulin-like growth 
factor 1 (IGF1), and vascular endothelial growth factor a (VEGFa), in 
addition to ameliorating choroidal integrity.
Conclusions: Collectively, our study revealed, for the first time, 
the central role of Tp53 in orchestrating an antiagiogenic milieu at 
RPE/choroid by reducing IGF1R, resulting in a lack of choroidal 
revascularization despite apparent ischemia-hypoxia. Targeting the 
Tp53-IGF1R axis represents a sensible therapeutic avenue to promote 
vascular restoration in retinopathies (e.g. geographic atrophy) 
associated with choroidal degeneration.
Commercial Relationships: Tianwei (Ellen) Zhou; 
Tang Zhu, None; Samy Omri, None; Raphaël Rouget, None; 
Houda Tahiri, None; Jose C. Rivera, None; Stanley Nattel, None; 
Sylvain Chemtob, None
Support: Canadian Institutes of Health Research (CIHR) MD/PhD 
Scholarship, Fonds de Suzanne Véronneau-Troutman and Fonds de 
recherche en ophtalmologie de l'Université de Montréal

Program Number: 4072 Poster Board Number: B0045
Presentation Time: 8:30 AM–10:15 AM
A naturally fluorescent marker mouse for studying angiogenesis 
and glaucoma in vivo
Terete Borras1, 2, Priyadarsini Asokan1, Rajendra Mitra1, 
Zongchao Han1, 3. 1Department of Ophthalmology, University of 
North Carolina, Chapel Hill, NC; 2Gene Therapy Center, University 
of North Carolina at Chapel Hill, Chapel Hill, NC; 3UNC Eshelman 
School of Pharmacy, University of North Carolina at Chapel Hill, 
Chapel Hill, NC.
Purpose: We recently generated a Matrix-Gla.Knock-In.Cre 
mouse which specifically directs Cre to tissues of Mgp expression 
(trabecular meshwork, peripapillary sclera, cartilage and vascular 
systems). We crossed this mouse with a loxP fluorescent reporter 
mice. Our purpose was to characterize the F1 fluorescent mouse and 
to present proof of concept of potential applications for the study of 
angiogenesis and glaucoma in vivo using this mouse strain.
Methods: Our homozygous strain Mgp.KI-Cre (Mgp.KI-Cre/Mgp. 
KI-Cre) was crossed with homozygous Rosa26.loxP-td.tomato 
(Jackson labs) mice. The F1 double heterozygous Mgp.KI-Cre/ wt; 
Rosa26.floxed-td.tomato/ wt (Mgp-td.tomato) was examined for 
the presence of direct fluorescence by whole mounts, histology and 
fundus photography. Custom-made filters for the Phoenix Micron 
IV had 554 emission and 609 exciter wavelengths. Laser burns were 
induced by guiding imaging in the Micron IV. Evaluation of vessels 
leakage was conducted by non invasive angiography.
Results: The Mgp-td.tomato mouse is naturally red fluorescent in the 
tissues where the Mgp gene is expressed. Because of the cartilage 
expression of Mgp, this mouse exhibited red paws and snout and was 
thereafter termed the “red mouse”. A fluorescent red ring around the 
limbus region of the enucleated eye marked the high expression of 
Mgp in the mouse trabecular meshwork, which was confirmed by 
histology. Interestingly, the entire retinal vasculature is also naturally 
fluorescent red and was visualized by fundus photography without 

the injection of fluorescein. For a first proof of concept of the new 
model, guided laser burns were performed and followed by direct 
angiography.
Conclusions: The availability of a transgenic mouse naturally red 
fluorescent in the glaucoma relevant tissues and retinal vasculature, 
brings the unique opportunity to study in vivo and longitudinally, a 
wide spectrum of glaucoma conditions and effects on the vascular 
system. Most important, the red mouse would be also very useful for 
numerous studies of retinal angiogenesis.

Naturally fluorescent retinal vasculature of the Mgp-tdTomato mouse
Commercial Relationships: Terete Borras, None; 
Priyadarsini Asokan, None; Rajendra Mitra, None; 
Zongchao Han, None
Support: NIH EY 011906, EY026220
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Anti-angiogenic Effects of Doxazosin on Experimental Choroidal 
Neovascularization in Mice
Wei Liu, Jiaxian Guo, Xiaodong Sun. Shanghai First People’s 
Hospital, Shanghai, China.
Purpose: The present study was designed to evaluate the effects of 
doxazosin on experimental choroidal neovascularization (CNV) in 
mice.
Methods: Six-to eight-week-old male C57BL/6 mice were divided 
into a control group and a doxazosin-treated group (5 mg/kg, i.p., 
daily). Experimental CNV was induced by laser photocoagulation. 
7 days and 14 days after laser induction, fluorescein angiography, 
choroidal flat mounts and histological studies were performed to 
evaluate the fluorescence leakage, area and thickness of CNV lesions, 
respectively. In addition, western blot analysis was carried out to 
assess the inhibitory effects of doxazosin on the PI3K/Akt/mTOR 
signaling pathway and the expression levels of HIF-1α and VEGF, 
which are involved in CNV model.
Results: Compared with the control group, the doxazosin-treated 
group demonstrated significantly less fluorescence leakage on day 
7 and day 14 after laser induction. Both the area and the thickness 
of CNV lesions in the doxazosin-treated group were significantly 
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decreased. Mechanistically, PI3K/Akt/mTOR signaling pathway 
activation was significantly suppressed in the doxazosin-treated 
group. The expression of HIF-1α and VEGF was also notably 
reduced by systemic doxazosin treatment.
Conclusions: Doxazosin exerts anti-angiogenic actions in an 
experimental mouse model of CNV and may be a potential adjunctive 
therapy for neovascular age-related macular degeneration in humans.
Commercial Relationships: Wei Liu, None; Jiaxian Guo, None; 
Xiaodong Sun, None
Support: National Natural Science Foundation of China(81425006)
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Imaging of laser-induced choroidal neovascularization in mice 
using optical coherence tomography angiography
Kazuki Nakagawa, Haruhiko Yamada, Hidetsugu Mori, 
Masayuki Ohnaka, kanji takahashi. Kansai Medical University 
Hospital, Hirakata, Japan.
Purpose: To evaluate the efficacy of optical coherence tomography 
(OCT) angiography for laser-induced choroidal neovascularization 
(CNV) in mice.
Methods: CNV was induced by using laser photocoagulation  
(GYC-2000; NIDEK Co, Gamagori, Aichi, wavelength 532nm) in 
the left eyes of 6 female C57BL/6J mice aged 6weeks. Laser spot 
with size of 80µm, pulse duration of 100ms and incident power of 
200mW was applied to make rupture of Bruch’s membrane. Two eyes 
of the 6 eyes were irradiated by one spot, 2 eyes were irradiated by 
two spots with a certain distance and 2 eyes were irradiated by two 
spots overlapped with. Animal-dedicated adapter was installed in 
front of OCT and OCT angiography (RS-3000 Advance; NIDEK Co, 
Gamagori, Aichi). CNV images were taken at 4 or 5 days after laser 
photocoagulation.
Results: In all eyes at 4 or 5 days after laser photocoagulation, 
laser-induced CNV was observed on OCT and OCT angiography. On 
OCT, CNV represented subretinal hyperreflective lesion. On OCT 
angiography, the figures of CNV had different types by methods 
of laser photocoagulation. In 2 eyes irradiated by one spot, CNV 
was observed as a small circular hyperflow lesion consisting of fine 
blood vessels, but blood vessels were not observed inner the lesion. 
In 2 eyes irradiated by two spots with a certain distance, CNV was 
observed as a hyperflow lesion in a figure of 8 consisting of thick 
blood vessels, and blood vessels were observed inner the lesion. In  
2 eyes irradiated by two spots overlapped with, CNV was observed 
as a large circle-like hyperflow lesion consisting of thick vessels, and 
blood vessels were observed inner the lesion. On imaging of cross 
sectional OCT angiography in all eyes, blood signals were detected 
between outer layer of retina and subretinal region.
Conclusions: It was possible to observe laser-induced CNV in mice 
as a hyperflow lesion on OCT angiography. By devising methods 
of laser photocoagulation, CNV grows to a large size and dynamic 
image of CNV can be observed in detail.
Commercial Relationships: Kazuki Nakagawa, None; 
Haruhiko Yamada, None; Hidetsugu Mori, None; 
Masayuki Ohnaka, None; kanji takahashi, None
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A new class of RNA interference therapeutic agent against (pro)
renin receptor suppresses choroidal neovascularization
Ye Liu1, 2, Atsuhiro Kanda1, Erdal T. Ishizuka1, Di Wu1, 
Kousuke Noda1, Susumu Ishida1. 1Laboratory of Ocular Cell 
Biology and Visual Science, Hokkaido University Graduate School 
of Medicine;Department of Ophthalmology, Hokkaido University 
Graduate School of Medicine, Sapporo, Japan; 2Department of 
Ophthalmology, The Fourth Affiliated Hospital of China Medical 
University, China Medical University, Shenyang, China., Shenyang, 
China.
Purpose: To investigate the effect of a novel single-stranded RNA 
interference (RNAi) agent targeting (pro)renin receptor  
[(P)RR]/ATP6AP2, (P)RR-PshRNA, on attenuation of choroidal 
neovascularization (CNV).
Methods: Laser photocoagulation was performed to induce CNV 
in C57BL/6J mice, followed by intravitreal injection of (P)RR- or 
control-PshRNA. Seven days after laser injury, choroidal flat mounts 
were prepared and the size of the CNV lesions was quantified. The 
retinal pigment epithelium (RPE)-choroid complex was harvested 
3 days after laser injury and the levels of (P)RR/Atp6ap2 and 
inflammation-associated molecules (e.g., tumor necrosis factor-α, 
adhesion G protein-coupled receptor E1 (also known as F4/80), 
interleukin-6, monocyte chemotactic protein-1, intercellular adhesion 
molecule-1) were analyzed using real-time qPCR.
Results: Real-time qPCR showed that the levels of (P)RR/
ATP6AP2 mRNA significantly decreased following exposure to 
human RPE and mouse endothelial cells with (P)RR-PshRNA as 
well as a conventional double-stranded (P)RR-siRNA. Compared 
to the mice treated with control-PshRNA or PBS, the mice treated 
with intravitreal injection of (P)RR-PshRNA showed a significant 
attenuation of CNV size in a dose-dependent manner (p < 0.05), 
and a notable decrease in the mRNA levels of (P)RR/Atp6ap2 and 
inflammation-associated molecules in the RPE-choroid complex  
(p < 0.05).
Conclusions: (P)RR-PshRNA, a novel single-stranded RNAi agent 
targeting human and mouse (P)RR/ATP6AP2, can reduce expression 
of inflammation-associated molecules and suppress CNV formation. 
Our data suggest the possibility that (P)RR-PshRNA can be used for 
neovascular age-related macular degeneration as a novel therapeutic 
agent.
Commercial Relationships: Ye Liu, None; Atsuhiro Kanda; 
Erdal T. Ishizuka, None; Di Wu, None; Kousuke Noda, None; 
Susumu Ishida, None
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Characterization of a Rabbit Model of Choroidal 
Neovascularization (CNV) and its Treatment with Lucentis®
Craig B. Struble1, Megan Krueger1, Carol Rasmussen2, 
Anne Goulding2, Mike Neider2, Hugh Wabers2, Paul Miller2, 
Ismail Zaitoun3, Nadar Sheibani3, Steve Van Adestine1, Alok Sharma1, 
mike Nork2. 1Covance Laboratories, Madison, WI; 2OSOD, LLC, 
Madison, WI; 3Ophthalmology, University of Wisconsin, Madison, 
WI.
Purpose: To characterize an earlier CNV model in Dutch Belted 
rabbits (Ni, et al. 2005) using modified procedures and additional 
evaluation techniques.
Methods: 22 young adult Dutch Belted rabbits received subretinal 
injections of heparin-sepharose beads with fibroblast growth factor 
and LPS (100 ng bFGF, 100 ng in 50 µL of ~3% collagen gel, pH 
7-7.2) in the right eye. A 2-step injection technique was used. After 
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insertion of a 23G cannula through the pars plana, a 41G needle 
(Dutch Ophthalmic Research Center) was used to create a subretinal 
bleb with BSS followed by injection of the formulation with a blunt 
26G needle through the same retinotomy. Bruch’s Membrane was 
perforated with a micro-vitreoretinal blade. Angiography with sodium 
fluorescein and indocyanin green (ICG), fundus photography, and 
sdOCT were conducted periodically. After angiography at Weeks 
2 and 3, 16 animals were selected based on CNV lesion size and 
placed into 2 groups of 8 animals. Animals were dosed on Weeks 4 
and 10. Groups 1 and 2 received intravitreal saline and Lucentis®, 
respectively. The area of the lesions visualized with ICG angiography 
were quantified with Image J up to 26 weeks post-lesion induction. 
Animals were sacrificed at 26 weeks and eyes were microscopically 
evaluated using H&E and Masson’s Trichrome stains, and VEGF-, 
B4 lectin-, and PDGF-Rβ- immune-labels.
Results: All injected eyes showed CNV lesion growth at 2 weeks 
continuing up to 26 weeks when the study was terminated. Treatment 
with Lucentis® significantly inhibited the growth of CNV lesions 
for up to 16 weeks as evaluated with ICG angiography (p<0.01 or 
p<0.05). OCT showed a thinning of the CNV lesion in the treated 
group. Masson’s Trichrome showed slight to minimal staining in 
the chorioretinal scar in both groups. VEGF immunolabeling in 
the chorioretinal scar occurred in the vascular endothelium of the 
control group, but not in the Lucentis®-treated Group. B4 lectin 
immunolabeling occurred more intensely in the vascular endothelium 
of the control group, compared to the treated group and PDGF-Rβ 
was observed in both groups of animals demonstrating the presence 
of pericytes in the CNV lesion.
Conclusions: Persistent CNV lesions were produced in Dutch Belted 
rabbits. The model was validated using Lucentis® as a positive 
control and characterized with fluorescein and ICG angiography, 
fundus photography, sdOCT, and histo- and immunohistochemistry
Commercial Relationships: Craig B. Struble, None; 
Megan Krueger, None; Carol Rasmussen, None; Anne Goulding, 
None; Mike Neider, None; Hugh Wabers, None; Paul Miller, 
None; Ismail Zaitoun, None; Nadar Sheibani, None; Steve Van 
Adestine, None; Alok Sharma, None; mike Nork, None
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The role of fibrosis and endothelial mesenchymal transition 
(EndoMT) in choroidal neovascularization (CNV) pathogenesis
Franco Aparecido Rossato, Ashley Mackey, Yin Shan Eric Ng. 
Ophthalmology, Schepens Eye Research Institute and Mass Eye and 
Ear, Boston, MA.
Purpose: Investigate the role of fibrosis and EndoMT in CNV 
pathogenesis by determining the expression and localization of 
markers of fibrosis and EndoMT in an established mouse model of 
spontaneous CNV (sCNV).
Methods: The JR5558 sCNV mouse and age-matched wild-type 
mouse (C57BL/6J) were used as previously description (Nagai et. 
al., 2014). To determine the expression levels of different fibrosis 
and EndoMT markers in the sCNV lesions, immunohistochemisrty 
(IHC) analysis was performed on eye sections and whole mount of 
eyecups obtained from JR5558 and C57BL/6J animals at different 
time points to capture both, developing or established sCNV lesions. 
To determine if fibrosis is associated with sCNV, antibodies to alpha 
smooth muscle actin (αSMA) and collagen type III (Col-III) were 
used to localize their expression by IHC. To determine the potential 
association of EndoMT and inflammation with the sCNV, antibodies 
against Snail and P38 mitogen-activated protein kinases (p38 MAPK) 
were used in the IHC. FITC-conjugated isolection B4 (IB4) staining 
was used to identify sCNV in the eye samples.

Results: Our staining data from eyecups with sCNV lesions 
from JR5558 mice indicated that αSMA-positive cells, likely 
myofibroblasts, are associated with sCNV and especially in more 
established sCNV lesions in older mice. Positive staining for Col-III 
as well as increased phosphorylation of p38 MAPK was detected 
surrounding the neovessels of the sCNV, which were identified by 
IB4 staining. Moreover, Snail expression was detected in the IB4-
positive endothelial cells of the neovessels within the sCNV, as well 
as in myofibroblasts around the sCNV, suggesting a potential role of 
EndoMT in the pathogenesis of CNV in wet AMD.
Conclusions: Our results demonstrate that fibrosis and EndoMT 
are associated with the development of sCNV lesions observed in 
the JR5558 mouse. Furthermore, Snail expression was detected in 
the endothelial cells of the neovessels. Together, the data suggest a 
potential role of fibrosis and EndoMT during CNV pathogenesis.
Commercial Relationships: Franco Aparecido Rossato; 
Ashley Mackey, None; Yin Shan Eric Ng, None
Support: Grimshaw Foundation AMD Research Grant, Mass Eye 
and Ear; CNPq Scholarship Brazil 210477/2014-8 (FAR).
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Hypoxia induces formation of capillaries that resemble leaky 
vessels in CNV
Marina V. Tikhonovich1, 2, Antje Biesemeier1, Ulrich Schraermeyer1. 
1Division of Experimental Vitreoretinal Surgery, Center for 
Ophthalmology, Tübingen, Germany; 2Faculty of medicine, 
Lomonosov Moscow State University, Moscow, Russian Federation.
Purpose: Ischemia of the posterior eye chamber is one of the severe 
problems in ophthalmology. However, little is known about changes 
of existing fully formed choroidal blood vessels under ischemic 
conditions. This study was based on a new model and it reports 
findings in the choroid of rats 14 hours after ischemia.
Methods: The study involved 16 adult six weeks old male rats 
(32 eyes). Eight pigmented and eight albino animals were used. 
Ischemia was modeled by incubating the eyes in PBS or DMEM at 
4°C during fourteen hours after enucleation. Eyes fixed immediately 
after enucleation were used as a control. Transmission electron 
microscopy and immunohistochemical staining for HIF-1α and 
VEGF were performed. Statistical analysis was performed by using a 
nonparametric Mann-Whitney test.
Results: Retinal and choroidal cells were still alive after 14 hours 
of incubation at 4°C and they showed an increase of HIF-1α and 
VEGF compared to the control. Due to ischemia the endothelial 
cells of the choriocapillaris changed their morphology and made 
microvillar projections into the choriocapillaris lumen, which 
were often fenestrated. Because of the projections the area of the 
endothelial cell surface increased four (p<0.001) times and the length 
of the endothelial cell contour by 58% (p<0.001) in comparison to 
the control group. The endothelial cell projections tried to build up 
new lumina inside the existing choriocapillaris. In severe cases, the 
projections formed a labyrinth structure which nearly closed the 
vessel lumen. In addition, a lot of gaps between the endothelial cells 
were found. In the choroidal melanocytes of pigmented rats, a great 
number of degrading melanosomes were found after 14 hours of 
ischemia.
Conclusions: By using this easy, fast and cheap model of ischemia 
the first steps of choroidal neovascularization (CNV) were shown: 
the increase of synthesis of HIF-1α and VEGF which is very likely 
responsible for the formation of gaps between endothelial cells and 
the formation of fenestrated endothelial cell projections into the 
vessel lumen. Their abundance can block perfusion of blood cells and 
thereby inhibit closure of the endothelial gaps by platelets, but still 
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allow the flow of plasma. This may be the reason for a permanent 
leakage of fluid as it was found in so-called labyrinth capillaries in 
surgically excised human CNV membranes before (DOI 10.1007/
s00417-014-2733-0).
Commercial Relationships: Marina V. Tikhonovich, None; 
Antje Biesemeier, None; Ulrich Schraermeyer, None
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Renin-Angiotensin System (RAS) in Hematopoietic  
Stem/Progenitor Cells (HS/PC) Predicts Vaso-reparative 
Dysfunction and Progression of Diabetic Retinopathy (DR)
Yaqian Duan1, 2, Eleni Beli2, Sergio Li Calzi2, Judith Quigley2, 
Rehae Miller2, Leni Moldovan2, Tatiana Salazar2, Sugata Hazra3, 
Jude Al-Sabah2, Kakarla Chalam4, Thao Le Phuong Trinh1, 2, 
Ruchi Vyas5, Matthew Murray5, Patricia A. Parsons-Wingerter5, 
Gavin Oudit6, Maria B. Grant2, 1. 1Department of Integrative and 
Cellular Physiology, Indiana University School of Medicine, 
Indianapolis, IN; 2Department of Ophthalmology, The Eugene and 
Marilyn Glick Eye Institute, Indiana University School of Medicine, 
Indianapolis, IN; 3Department of Internal Medicine, University of 
Utah, Salt Lake City, UT; 4Department of Ophthalmology, University 
of Florida, Jacksonville, FL; 5Space Life Sciences Research Branch, 
NASA Ames Research Center, Moffett Field, CA; 6Department 
of Medicine, Mazankowski Alberta Heart Institute, University of 
Alberta, Edmonton, AB, Canada.
Purpose: We tested the hypothesis that loss of angiotensin converting 
enzyme 2 (ACE2) within diabetic HS/PCs would be detrimental to 
HS/PC reparative function, and alter their ability to contribute to 
vascular remodeling in human subjects and rodent models of DR.
Methods: Subjects (n=52) were recruited as controls (n=13) or 
diabetics (n=39) with either no DR, mild non-proliferative DR 
(NPDR), moderate NPDR, severe NPDR or proliferative DR (PDR). 
Fluorescein angiograms were analyzed using Vessel Generation 
Analysis (VESGEN) software in a cohort of subjects. CD34+ HS/PCs  
were isolated from peripheral blood. RAS gene expression and 
migration was measured. Diabetic ACE2 knockout (KO)/C57BL/ 
6-Ins2 (Akita) mice at 3, 6 and 9 months of diabetes were compared 
to age-matched controls. Bone marrow HS/PC populations were 
analyzed by flow cytometry and migration and proliferation studies 
performed.
Results: ACE2 gene expression in human CD34+ cells from diabetics 
without DR was increased compared to controls (p=0.0437). Mas 
receptor mRNA was also increased in diabetics without DR, but 
reduced with the onset of NPDR (p=0.0002), suggesting a loss 
of compensation. DR was associated with CD34+ cell migratory 
dysfunction, which was restored by activating ACE2-mediated RAS 
axis. By VESGEN analysis, vessel density measured by several 
confirming parameters in early NPDR (n=3) was greater than in 
normal retina (n=6) in both arteries and veins, which suggests active 
retinal remodeling. ACE2KO-Akita and Akita cohorts showed 
reduced retinal thickness by optical coherence tomography (OCT) 
at 9 months of diabetes (p<0.0001). Absence of ACE2 in 9-month 
Akita mice led to an accelerated increase in acellular capillaries 
compared to diabetic alone (p=0.0185). Electroretinogram (ERG) in 
ACE2KO-Akita mice resulted in persistent deterioration of the neural 
retina. Reparative function studies showed that ACE2KO exacerbated 
diabetes-induced impairment of lineage-c-kit+ cell migration and 
proliferative functions as early as 3-month of diabetes (p=0.0019).
Conclusions: Retinopathy and adverse vascular remodeling in 
subjects with diabetes was associated with a loss of the protective 
arm of RAS in HS/PCs. Loss of ACE2 exacerbated vascular 
dysfunction in diabetic mice.

Commercial Relationships: Yaqian Duan; Eleni Beli, None; 
Sergio Li Calzi, None; Judith Quigley, None; Rehae Miller, None; 
Leni Moldovan, None; Tatiana Salazar, None; Sugata Hazra, 
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Efficacy of a marine natural product on experimental ocular 
angiogenesis
Xiaomeng Wang1, 2, Beiying Qiu2, Raj Patil3, 4, 
Veluchamy A. Barathi5, 4, Walter Hunziker2, Hendrik Luesch6, 7, 
Tien Y. Wong8, 4, Wanjin Hong2. 1Lee Kong Chian School of 
Medicine, Nanyang Technological University, Singapore, Singapore; 
2Institute of Molecular and Cell Biology, Singapore, Singapore; 
3ratina, Singapore Eye Research Institurte, Singapore, Singapore; 
4Ophthalmology & Visual Sciences Academic Clinical Program 
(ACP), Duke-NUS Medical School, Singapore, Singapore; 
5Translational Preclincal Model, Singapore Eye Research Institute, 
Singapore, Singapore; 6College of Pharmacy, University of Florida, 
Gainesville, FL; 7Oceanyx Pharmaceuticals, Inc., Alachua, FL; 
8Singapore Eye Research Institute, Singapore, Singapore.
Purpose: A subset of patients with retinal angiogenic disease such 
as diabetic retinopathy do not respond or respond poorly to anti-
VEGF agents, and targeting alternative mechanisms of angiogenesis, 
possibly in combination with anti-VEGF agents, is a major goal in 
ocular angiogenesis research. We investigated the impact of a marine 
natural product, SIPRAD0279, which was modified for reduced 
toxicity, on experimental ocular angiogenesis.
Methods: The effect of SIPRAD0279 on angiogenesis was studied 
using ex vivo and in vivo angiogenesis assays, including choroid 
and metatarsal sprouting assays, aortic ring assay and in the mouse 
model of oxygen induced retinopathy (OIR). After the treatment with 
SIPRAD0279, organ explants and retina flatmounts were subjected to 
immunofluorescence staining with vascular markers for quantitative 
analysis of blood vessel formation.
Results: SIPRAD0279 completely blocked vessel outgrowth 
from choroid, metatarsal and aortic explants at 300pM with 
IC50=130.5±22 pM. Interestingly, SIPRAD0279 had no impact on 
preformed choroidal vasculature at this dosage. In the mouse model 
of OIR, intraperitoneal injection of 0.25 mg/kg SIPRAD0279 caused 
significant inhibition on pathological neovascularization without 
affecting physiological blood vessel re-growth in the retina.
Conclusions: Our study demonstrates that a modified marine 
natural product (SIPRAD0279) is a potent angiogenic inhibitor that 
selectively inhibits pathological neovascularization in the retina 
and not choroid. SIPRAD0279 could be further developed as an 
alternative treatment strategy for ocular diseases such as proliferative 
diabetic retinopathy.
Commercial Relationships: Xiaomeng Wang; Beiying Qiu, None; 
Raj Patil, None; Veluchamy A. Barathi, None; Walter Hunziker, 
None; Hendrik Luesch, Oceanyx Pharmaceuticals (C), Oceanyx 
Pharmaceuticals (E), Oceanyx Pharmaceuticals (I), Oceanyx 
Pharmaceuticals (P), Oceanyx Pharmaceuticals (F); Tien Y. Wong, 
None; Wanjin Hong, None
Support: The work is supported by SIPRAD and Singapore BMRC, 
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