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Gene delivery of vasostatin via a self-complementary  
adeno-associated virus 2 inhibits retinal neovascularization in a 
rat model of oxygen-induced retinopathy
Leilei Tu1, 2, Jiang-Hui Wang2, 3, Ming-Hong Tai4, Gregory Dusting2, 3, 
Guei-Sheung Liu2, 3. 1Department of ophthalmology, the First 
Affiliated Hospital of Jinan University, Guangzhou, China; 2Centre 
for eye research Australia, Royal Victorian Eye and Ear Hospital, 
Melbourne, VIC, Australia; 3Ophthalmology, Department of Surgery, 
University of Melbourne, Melbourne, VIC, Australia; 4Institute of 
Biomedical Sciences, National Sun Yat-Sen University, Kaohsiung, 
Taiwan.
Purpose: Retinal neovascularization is a common pathological 
feature in diabetic retinopathy and retinopathy of prematurity, leading 
to severe vision damage or irreversible blindness. We evaluated the 
efficacy of a novel endogenous inhibitor of angiogenesis, vasostatin 
(VS180) and its functional fragment of 112 residues, vasostatin-like 
peptide 112 (VS112) via a self-complementary adeno-associated 
virus 2 (scAAV2)-mediated intravitreal gene delivery in an 
experimental rat model of oxygen-induced retinopathy (OIR).
Methods: Anti-angiogenic effects of VS112 and VS180 delivered 
via a scAAV2 vector in vitro were validated by the migration and 
tube formation on Matrigel of human umbilical vein endothelial cells 
(HUVECs). Retinal neovascularization was induced by exposing 
newborn rats to 80% oxygen for 21 hours and returned to room 
air for 3 hours every day during the first 14 days of life, and then 
returning them to room air for another 4 days. ScAAV2-mCherry, 
scAAV2-VS112 or scAAV2-VS180 were injected intravitreally at 
postnatal day 7 (P7) and the eyes were harvested on day 18 (P18) for 
the quantification of retinal vaso-obliteration and neovascularization, 
respectively.
Results: The expression of VS112 or VS180 was elevated in cells 
infected with scAAV-VS112 or scAAV2-VS180 respectively, 
and both inhibited the angiogenic activity in HUVECs in vitro. 
Intravitreal scAAV2-mediated gene delivery was able to effectively 
transduce a reporter gene (mCherry) in the rat retina within 10 days. 
ScAAV2-VS112 or scAAV2-VS180 gene delivery significantly 
inhibited the retinal neovascularization (VS112: 1.29 ± 0.08%, 
VS180: 1.38 ± 0.11%) compared to those that received scAAV2-
mCherry (2.62 ± 0.18%, P<0.001). Unexpectedly, there was a 
significant increase in retinal vaso-obliteration in eyes that had 
received scAAV2-VS112 (39.7 ± 4.3%) compared to those injected 
with scAAV2-mCherry (19.9 ± 4.3%) or scAAV2-VS180 (22.3 ± 
4.3%).
Conclusions: Intravitreal scAAV2-VS112 and scAAV2-VS180 gene 
therapy effectively inhibit retinal neovascularization in a rat model 
of OIR, but VS112 might also influence blood vessel development. 
Thus, scAAV2-VS180 gene therapy has potential as a therapeutic 
approach for retinal neovascularization.
Commercial Relationships: Leilei Tu; Jiang-Hui Wang, None; 
Ming-Hong Tai, None; Gregory Dusting, None; Guei-Sheung Liu, 
None

Program Number: 3444 Poster Board Number: A0067
Presentation Time: 3:45 PM–5:30 PM
Global Gene Expression Profiling Among Different Stages of 
Retinopathy of Prematurity
Inderjeet Kaur1, Sonika Rathi1, Subhadra Jalali2, 
Divya Balakrishnan2, Preeti P. Chhablani3, Ramesh Kekunaya3, 
Subhabrata Chakrabarti1. 1Professor Brien Holden Eye Research 
Centre, L V Prasad Eye Institute, HYDERABAD, India; 2Smt. 
Kannuri Santhamma Centre for Vitreo retinal Diseases, L V Prasad 
Eye Institute, Hyderabad, India; 3Jasti V Ramanamma Children’s Eye 
Care Centre, L V Prasad Eye Institute, Hyderabad, India.
Purpose: Retinopathy of prematurity (ROP) is a vaso-proliferative 
eye disease of prematurely born infants with low birth weight. More 
than 50% of premature infants weighing less than 1250g at birth 
show evidence of ROP, and about 10% of these develop severe ROP. 
ROP regresses spontaneously in some infants while for others it 
progresses to severe stages in spite of similar antenatal and prenatal 
conditions. The major challenge of ROP management, therefore, is 
to distinguish the subgroup of infants who will not have spontaneous 
regression and would develop severe ROP. The present study was 
aimed at identifying the potential candidate genes and their pathways 
that may be responsible for the progression of ROP by comparing the 
global gene expression profiles across different stages of ROP.
Methods: RNA was isolated from blood samples of 15 preterm 
babies (GA ≤ 35 weeks and/or BW ≤ 1700 g) with different stages of 
ROP and 9 No-ROP preterm and 3 full term infants with no retinal 
disease. Global gene expression (~47,000 transcripts) analysis was 
performed using Illumina bead Chip array. Differential expression 
was analyzed using Genome Studio software and appropriate 
statistical tests. The important gene networks and pathways for ROP 
were identified for the differentially expressed genes with >2 fold 
change using Gene Ontology (GO) and Pathway analysis softwares.
Results: Microarray analysis between patients of any stages of 
ROP compared to the premature controls showed differential 
expression of 142 genes of which, 115 genes were upregulated and 27 
downregulated. 634 genes were found to be differentially expressed 
(337 upregulated and 297 downregulated) among proliferative ROP 
versus non proliferative ROP subjects of which 67 genes showed >2-
fold change of expression. However for proliferative versus no ROP 
premature subjects, only 117 genes showed differential expression 
(30 upregulated and 94 downregulated). Further, pathway analysis of 
the differentially expressed genes (including CCL8, NOS3, AXIN2, 
TNF, CD40LG, BP1, HLA-DRB5, HLA-DRB1, NLRP2, CEC4D) 
revealed inflammatory pathways like toll receptor and inflammation 
mediated by chemokine and angiogenic pathways like Wnt and 
endothelin signaling as the major pathways to be involved in ROP 
pathogenesis.
Conclusions: Genes involved in development, angiogenesis and 
immune response may be involved in the progression of mild ROP to 
more severe stages.
Commercial Relationships: Inderjeet Kaur, None; Sonika Rathi, 
None; Subhadra Jalali, None; Divya Balakrishnan, None; 
Preeti P. Chhablani, None; Ramesh Kekunaya, None; 
Subhabrata Chakrabarti, None
Support: Department of BioTechnology, Govt of India grant on 
ROP; Champaulimaud grant for ROP
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Characterisation of VEGF in a new model of oxygen-induced 
vitreoretinopathy
Tejas Kumar1, 2, Laura Ah-Kye2, Samantha Dando1, Senthil Selvam2, 
Marcus Fruttiger2, Paul McMenamin1. 1Department of Anatomy 
and Developmental Biology, Monash University, Melbourne, 
VIC, Australia; 2Department of Brain Sciences, Institute of 
Ophthalmology, London, United Kingdom.
Purpose: Despite intense research using animal models, the 
pathophysiology of retinopathy of prematurity (ROP), especially 
in the severe stages, remains incompletely understood. We recently 
developed a mouse model of oxygen-induced vitreoretinopathy 
(McMenamin et al, IOVS, in press) in which mice are exposed to 
hyperoxia from postnatal day (P) 0-7, recapitulating several aspects 
of severe human ROP. In the present study, we characterised the 
effects of P0-P7 hyperoxia exposure on retinal vasculature at P7, P14 
and P21, and hypothesised that after removal from hyperoxia, retinal 
VEGF expression would be upregulated.
Methods: C57BL/6 mice (n=38) were randomised into two groups: 
A) Normoxia (control), B) 75% O2 P0-P7. At P7, P14 or P21 mice 
were humanely killed and retinas were either fixed for microscopy 
or snap-frozen for relative quantification of VEGF expression using 
qPCR. Blood vessels were visualised using Isolectin B4 staining 
and retinal avascularity (%) was calculated using Image J software. 
Values are expressed as mean±SD.
Results: At P7, vessels were observed at the retinal periphery, 
however the retina was largely avascular (90.5±4.0%), significantly 
more than control mice (5.6±2.0%, p<0.0001). Retinal VEGF 
expression in hyperoxia and control groups at P7 was similar. 
At P14, vascularisation was observed at the periphery and optic 
disc in experimental mice, but total retinal avascularity remained 
significantly higher than controls (70.0±13.9% vs 1.2±0.3%, 
p<0.0001). This was accompanied by a 2.3-fold increase in retinal 
VEGF mRNA levels compared to controls (p<0.0001). At P21 
tortuous vessels extended from the optic disc towards the periphery 
and retinal avascularity remained significantly higher in experimental 
mice (30.4±9.6%) compared to controls (1.1±0.44%, p<0.0001). 
VEGF mRNA expression in experimental mice had returned to 
control levels by P21. Neovascular tuft formation was not observed 
and hyaloid vasculature persisted across all time points in this new 
model.
Conclusions: Early exposure to hyperoxia significantly inhibits 
vascular growth in the retina. The concomitant increase in vessel 
growth and VEGF expression at P14 suggests that VEGF may drive 
vascularisation in this novel model and contribute to its pathogenesis. 
However, it does not drive neovascular tuft formation as it does in the 
conventional OIR P7-P12 model. Persistence of hyaloid vessels may 
have a role in modulating VEGF expression.
Commercial Relationships: Tejas Kumar, None; Laura  
Ah-Kye, None; Samantha Dando, None; Senthil Selvam, None; 
Marcus Fruttiger, None; Paul McMenamin, None
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Early and late structural and functional findings of the  
Oxygen-Induced Retinopathy (OIR) mouse model
Marina Garcia Garrido, Jürgen Haller, Melanie Hugger, 
Jochen Huber, Nina Zippel, Rolf Herrmann. Boehringer Ingelheim 
Pharma GmbH & Co. KG, Biberach an der Riss, Germany.
Purpose: Ischemia-induced hypoxia is the common hallmark of 
retinal diseases such as Retinopathy of Prematurity (ROP), Diabetic 
Retinopathy (DR) or Retinal Vein Occlusion (RVO). In this study, we 

assessed morphological and functional hypoxia-derived changes in an 
OIR mouse model at both early (P17) and late stages (up to P80).
Methods: Pups were exposed to a 75% oxygen atmosphere from 
postnatal day (P) 7 to P12 and returned to room air at P12 to induce 
retinal revascularization. At P17, mice were anesthetized and 
subjected to en face retinal imaging, optical coherence tomography 
(OCT) and fluorescence angiography. Afterwards, in a subset of 
animals, eyes were enucleated and studied immunhistochemically. 
The rest of the animal cohort was maintained until P80. At this 
age, rod- and cone-driven functional responses as well as ganglion 
cell activity were assessed by means of electroretinography (ERG) 
and pattern-electroretinography (pERG), respectively. In addition, 
integrity of retinal structure and layering was later studied at P60 and 
P80. Subsequently, retinal ganglion cells were stained and Brn3a-
positive cells were quantified.
Results: At P17, avascular areas as well as intravitreal tufts were 
visualized in vivo. At later stages, fluorescein angiograms revealed 
a fully revascularized retina, however, intravitreal tufts were still 
visible. Additionally, a decrease of ERG response amplitudes as well 
as light sensitivity was detected. PERG measurements further showed 
a decline in ganglion cell function which correlated well with the 
reduction of the retinal thickness measured by OCT and the number 
of Brn3a-positive cells found in comparison to age-matched controls.
Conclusions: Despite revascularization processes that typically 
take place after exposure to high amounts of oxygen in this mouse 
model, structural changes in the main retinal vessels persist and may 
cause further functional impairments in addition to hypoxia at late 
timepoints. In addition, retinal cells, especially ganglion cells remain 
damaged over time. In this context, this study provided evidence that 
for the treatment of OIR, antiangiogenic agents are not sufficient to 
address the neuronal component of the disease.
Commercial Relationships: Marina Garcia Garrido, Boehringer 
Ingelheim Pharma GmbH & Co. KG (E); Jürgen Haller, Boehringer 
Ingelheim Pharma GmbH & Co. KG (E); Melanie Hugger, 
Boehringer Ingelheim Pharma GmbH & Co. KG (E); Jochen Huber, 
Boehringer Ingelheim Pharma GmbH & Co. KG (E);  
Nina Zippel, Boehringer Ingelheim Pharma GmbH & Co. KG (E); 
Rolf Herrmann, Boehringer Ingelheim Pharma GmbH & Co.  
KG (E)
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Inhibition of micro RNA-21 (miR-21) halts retinal 
neovascularization by rescuing expression and function of tissue 
inhibitor of matrix metalloproteinase 3 (TIMP3)
Shubhra Rajpurohit, Menaka Thounaojam, Prerana Malla, 
Diana Gutsaeva, Manuela Bartoli. Opthalmology, Augusta 
University, Augusta, GA.
Purpose: MiR-21 is a STAT3-dependent miR which has been 
involved in pathological angiogenesis. We have previously shown 
that miR-21 is up-regulated during the neovascular stages in a 
mouse model of oxygen-induced retinopathy (OIR). Here we wanted 
to determine the effects of in vivo delivery of a miR-21 inhibitor 
[antagomiR21 (a.miR-21)] in affecting retinal neovascularization 
(RNV) and the expression of its gene target TIMP3 in a mouse model 
of OIR.
Methods: OIR was induced in mouse pups by subjecting them to 
different oxygen tensions, following the method of Smith LE et 
al. A nuclease-resistant locked nucleic acid (LNA)-a.miR-21 was 
injected intra-orbitally (2.5 – 5.0 mg/kg) at postnatal day 12 (P12). 
The contralateral eye was used as not-injected control. Another set 
of animals was injected with a non-targeted LNA-a.miR to assess 
potential off-side effects. After the injection, the mice were sacrificed 
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at P14 or P17. Retinas were excised and processed to perform 
morphological and molecular analyses to assess retinal vessels 
distribution and expression pattern (qPCR and Western analysis) of 
the miR-21 target gene TIMP3. Zymography was performed to assess 
the activity of matrix-metalloprotease-2 and -9 (MMP-2 and MMP-9, 
respectively) as a measure of TIMP3 function.
Results: 
In vivo inhibition of miR-21 expression was confirmed by qPCR 
in eyes treated with LNA-a.miR-21 and not with the non-specific 
LNA-a.miR. RNV, visualized in flat mounted retinas stained with 
Isolectin B4, was significantly down-regulated in P17 mice treated 
with LNA-a.miR-21 and subjected to OIR and not in mice treated 
with the non-specific LNA-a.miR. The observed effects were 
associated with the rescue of TIMP3 expression, measured by 
qPCR and immunoblotting at both P17 and P14, in LNA-a.miR-
21 injected eyes only. Finally, zymography of retinal extracts from 
mice subjected to the different treatments revealed that the rescue 
of TIMP3 in LNA-a.miR-21 injected eyes (at both P14 and P17) 
resulted in down-regulation of MMP-2 and MMP-9.
Conclusions: The obtained results suggest a potential role for miR-
21 in the regulation of pathological neovascularization in ischemic 
retinopathies.
Commercial Relationships: Shubhra Rajpurohit; 
Menaka Thounaojam, None; Prerana Malla, None; 
Diana Gutsaeva, None; Manuela Bartoli, None
Support: EY022416 (PI: Bartoli)
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Inhibition of Uncoupling Protein 2 Promotes Physiologic Retinal 
Vascularization via Activation of GLUT1 and S6K1
Xiaokun Han1, 2, Haibo Wang1, M Elizabeth Hartnett1. 1Department 
of Ophthalmology, Moran Eye Center, University of Utah, Salt Lake 
City, UT; 2Department of Ophthalmology, The Fourth Affiliated 
Hospital of China Medical University, Shenyang, China.
Purpose: Retinopathy of prematurity is characterized by delayed 
physiologic retinal vascular development (PRVD) and increased 
intravitreal neovascularization. We found that increased retinal 
uncoupling protein 2 (UCP2), a regulator of cellular glucose 
metabolism, was associated with reduced blood glucose in rat pups 
in an oxygen-induced retinopathy (OIR) model compared to room 
air-raised pups. Since cellular glucose metabolism is important for 
retinal vascular development, we postulated that inhibition of UCP2 
would facilitate PRVD and reduce the risk of ROP and addressed this 
hypothesis using a rat model of OIR.
Methods: Within 4-6 hours of birth, Sprague-Dawley dams and pups 
(male and female) were placed into an Oxycycler that cycled oxygen 
between 50% and 10% oxygen every 24 hours. Rat pups in the OIR 
model received intraperitoneal injections of genipin  
(10 mg/kg), an UCP2 inhibitor, or equal volumes of PBS every other 
day beginning at postnatal day 3 (p3) and extending through p13. 
At p14, pups were euthanized and PRVD determined by avascular 
retinal area/total retinal area (AVA) was assessed in isolectin-stained 
retinal flatmounts. Retinal VEGF was measured by ELISA. Human 
retinal microvascular endothelial cells (hRMVECs) transfected with 
UCP2 siRNA or control siRNA, or pretreated with genipin (5 µM) or 
DMSO, were then stimulated with VEGF (50 ng/ml) or PBS for 30 
mins. After treatments, glucose uptake was determined by 2-NBDG-
2-Deoxyglucose. GLUT1, a dominant isoform of glucose transporter 
in the retinal cells, and phosphorylated S6K1 (p-S6K1), a regulator 
for cell growth, were measured by western blots. Statistics were 
performed using two-tailed Student’s t-test and results were Mean ± 
SEM.

Results: Compared to PBS-treated pups, genipin-treated pups had 
significantly less AVA (31.77±3.10 vs. PBS 45.52±4.61, p=0.03, 
n=13) and greater retinal VEGF protein (267±51.17 vs. PBS 
181.31±12.18 pg/ml, p=0.02, n=6). Compared to control siRNA, 
GLUT1 protein and VEGF-induced p-S6K1 were increased in UCP2-
transfected hRMVECs. Compared to control DMSO, glucose uptake 
was greater in hRMVECs treated with genipin (1.28±0.10 vs. DMSO 
1.00±0.02, p=0.02, n=9).
Conclusions: Inhibition of UCP2 by genipin in the OIR model 
facilitated PRVD, potentially by increasing GLUT1 and VEGF-
mediated S6K1 activation, which was found in cultured retinal 
endothelial cells.
Commercial Relationships: Xiaokun Han, None; Haibo Wang, 
None; M Elizabeth Hartnett, None
Support: Knights Templar, National Institutes of Health EY014800, 
R01EY015130, R01EY017011 and Unrestricted Grant from Research 
to Prevent Blindness
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High dose vitamin A (HDVA) treatment increases 
revascularization and reduces neovascularization in a rat model 
of oxygen induced retinopathy (OIR)
Julie A. Mocko1, Deborah C. Otteson1, Yanhong Wei2, 
Xanthi I. Couroucli2, Laura J. Frishman1. 1College of Optometry, 
University of Houston, Houston, TX; 2Section of Neonatology, 
Department of Pediatrics, Baylor College of Medicine, Houston, TX.
Purpose: Postnatal hyperoxia disrupts retinal vascular development, 
causing subsequent retinal hypoxia, neural retinal injury, impaired 
function and neovascularization. This study examined age-related 
changes in vascular development, consequent changes in neural 
retinal thickness, and the impact of HDVA supplementation on these 
changes in a hyperoxic OIR rat model.
Methods: OIR was induced in Fisher 344 rats by exposure to 96±1% 
O2 from postnatal day P1 to P7, followed by a return to room air. 
Controls were raised in room air (AIR). All pups (n=3-5/age/group) 
received daily i.p. injections of either vehicle alone (VEH, corn oil, 
33ml/kg), or with HDVA (10mg/kg) from P1 to P5. Vasculature 
in retinal flat mounts was labeled with isolectin GS-IB4. Retinal 
cross-sections (JB-4 embedded, 5µm) were stained with toludine 
blue. ImageJ and MATLAB were used to measure vascular coverage 
(%VC, vs. age-matched AIR), neovascularization (%NV, vs. VC), 
and retinal thickness (µm) for the central (C), middle (M) and 
peripheral (P) thirds of the retina. Statistical analysis used one-way 
ANOVA with post-hoc Tukey’s.
Results: HDVA did not affect retinal VC or thickness in AIR. 
Hyperoxia caused severe vaso-obliteration, with total VC in OIR rats 
at 5-8% by P7 (p<0.0001). One week post-hyperoxia (P14), total VC 
increased in OIR rats to 26-39% (p<0.0001), but was not significantly 
different at P21 (22-37%). Regionally, at P21, VC (±SEM) in 
middle retina was greater in HDVA+OIR (51±7%) vs. VEH+OIR 
(26±12%) rats (p=0.03). At P21, NV in central retina was reduced in 
HDVA+OIR (14±6%) vs. VEH+OIR (39±8%) rats (p=0.026). Inner 
retinal thickness at P21 decreased with eccentricity (C, M, P) in AIR 
(173, 153, 128; ±5µm), but not OIR rats. In contrast, the inner retina 
showed marked thinning in OIR rats at P21 at all eccentricities in 
avascular regions (83±3µm, p≤0.001), and to a lesser extent in central 
and middle retina in vascularized regions (129±4µm, p≤0.012). 
HDVA+OIR rats had no avascular central regions, and overall had 
more vascular vs. avascular regions than VEH+OIR rats. VEH+OIR 
rats had no vascularized peripheral regions.
Conclusions: Hyperoxia caused severe vaso-obliteration, followed 
by vaso-proliferation resulting in incomplete VC and severe NV; 
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HDVA treatment increased VC and reduced NV. OIR-mediated 
retinal thinning was most severe in avascular retinal regions.
Commercial Relationships: Julie A. Mocko, None; 
Deborah C. Otteson, None; Yanhong Wei, None; 
Xanthi I. Couroucli, None; Laura J. Frishman, None
Support: NIH P30 EY 07551; NIH 5T32EY007024; 2014-2015 
Ezell Fellowship
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Analysis of Wnt pathway components during combined 
intrauterine growth restriction and oxygen-induced retinopathy
Silke Becker1, Randy Brown1, Ashley Brown2, Camille Fung2,  
M Elizabeth Hartnett1. 1John A. Moran Eye Center, University of 
Utah, Salt Lake City, UT; 2Department of Pediatrics, University of 
Utah, Salt Lake City, UT.
Purpose: Poor postnatal growth has been linked to retinopathy of 
prematurity (ROP). Wnt signaling is important in development, 
and genetic variants of members of the Wnt pathway have been 
associated with increased severity of ROP. We addressed the 
hypothesis that poor postnatal growth interferes with expression of 
Wnt pathway components in the retina in association with increased 
ROP severity by using a model of oxygen-induced retinopathy (OIR) 
in growth restricted mouse pups.
Methods: C57BL/6J mice were implanted on embryonic day 
12.5 with micro-osmotic pumps containing vehicle (0.5% ethanol, 
control) or the thromboxane A2 analogue U46619 (in 0.5% ethanol, 
Txa) to induce maternal gestational hypertension. Litters in OIR 
were exposed to 75% oxygen from postnatal day (p)7 for 5 days 
and returned to room air (RA) for 5 days. Control litters were 
raised in RA until p17. Avascular retina/total retinal area (AVA) and 
intravitreal neovascular/total retinal area (IVNV) were determined 
in lectin-stained retinal flat mounts. Whole retinas were analyzed for 
VEGF, Wnt7a, Wnt10a, Dvl1, Fzl4 and Fzl7 mRNA by qPCR and 
normalized to the housekeeping gene TATA-binding protein. Data 
were expressed as means ± SEM, with 7-8 pups per group. Statistical 
significance was determined by t-test or one way ANOVA.
Results: Mean birth weight was reduced in pups born to Txa-treated 
dams (1.19±0.02g, n=21) compared to control dams (1.30±0.00g, 
n=28, P<0.001). At p17, body weight was greater in Txa/OIR 
(7.59±0.20g, n=7) compared to control/OIR pups (6.79±0.11g, n=8, 
P<0.05). There was no difference between AVA or IVNV in Txa/OIR 
vs. control/OIR pups. VEGF mRNA in retinal lysates was increased 
in both control and Txa pups in OIR compared to RA (control/OIR 
1.36±0.07, n=7 vs. control/RA 1.02±0.07, n=8, P<0.01; Txa/OIR 
1.36±0.08, n=7 vs. Txa/RA 1.09±0.05, n=8, P<0.05), but not altered 
by Txa compared to vehicle control. Wnt7a, Wnt10a, Dvl1, Fzl4 and 
Fzl7 mRNA in pup retinas were not different in Txa/OIR compared to 
control/OIR pups.
Conclusions: Neither AVA nor IVNV was different in Txa compared 
to control pups in OIR at postnatal day 17. Although VEGF was 
upregulated by OIR, no differences in VEGF were observed between 
Txa and control pups in OIR. No difference was noted in mRNA 
expression of several Wnt pathway components at p17 in this model, 
but analysis of other time points will be considered in future studies.
Commercial Relationships: Silke Becker; Randy Brown, None; 
Ashley Brown, None; Camille Fung, None; M Elizabeth Hartnett, 
None
Support: NIH grants EY014800, R01EY015130 and R01EY017011, 
Unrestricted Grant from Research to Prevent Blindness, Inc., New 
York, NY
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Interleukin 1 Beta reduces hypoxia, prevents neovascularisation 
and promotes healthy vascular regeneration in oxygen induced 
retinopathy
Senthil Selvam1, 2, Andrew Scott2, Monte J. Radeke3, 
Marcus Fruttiger1. 1Institute of Ophthalmology, University College 
London, London, United Kingdom; 2NIHR Biomedical Research 
Centre, Moorfields Eye Hospital, London, United Kingdom; 
3Neuroscience Research Institute, University of California Santa 
Barbara, Santa Barbara, CA.
Purpose: We have previously found that activation of the 
inflammatory cascade in mice treated with lipopolysaccharide (LPS) 
protects against retinal hypoxia and neovascularisation associated 
with oxygen induced retinopathy (OIR). We hypothesised that LPS 
treatment leads to upregulation of pro-inflammatory cytokines in 
ischaemic retina which is then protective against the ensuing hypoxia.
Methods: To assess whether an increase in pro-inflammatory 
cytokine gene expression was seen in the ischaemic retina of LPS 
treated mice, transcriptional profiling using RNA sequencing was 
performed on central (vaso-obliterated) and peripheral (vascularised) 
retinal tissue, obtained from mice undergoing OIR treated with 
either LPS or phosphate buffered saline (PBS). The cytokines 
found to be most upregulated were then injected intraocularly 
and intraperitoneally (IP) to assess their effect on OIR mice. 
Neovascularisation was assessed by measuring avascular area and 
area of neovascular tufts at P17. Hypoxia was assessed by measuring 
vessel tortuosity and EF5 hypoxia staining at P14.
Results: The most apparent increases in cytokines as a result of LPS 
treatment compared to the PBS control in the central retina were 
IL1β (72 fold), CCR1 (16 fold), CCL5 (13 fold) and CCR2 (13 
fold). Intraocular injection of IL1β at P12 in OIR mice significantly 
reduced hypoxia at P14 and reduced neovascularisation at P17. In 
comparison, intraocular injection of CCL5 at P12 failed to reduced 
hypoxia at P14. Intraperitoneal injection of IL1β at P12 in OIR 
mice also significantly reduced hypoxia at P14. The reduced OIR 
phenotype seen in IL1β treated mice is the same as that seen in LPS 
treated mice.
Conclusions: IL1β is the main mediator of the protective effect 
LPS has on retinal hypoxia and neovascularisation associated with 
OIR. These findings are counterintuitive to the current literature and 
provide new insight into the role of IL1β on regulation of retinal 
oxygen demand. This novel approach of refined immunomodulation 
to reduce hypoxia has the potential to lead to novel therapies 
targeting hypoxia and preventing neovascularisation in ischaemic eye 
disease.
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IL1β IP injection at P12 after hyperoxia reduces hypoxia at P14 in 
OIR. Retinal wholemounts from P14 C57BL6 mice after OIR stained 
with isolectin B4 and EF5 hypoxia stain. IL1β injection reduced EF5 
staining and retinal artery tortuosity.
Commercial Relationships: Senthil Selvam; Andrew Scott, None; 
Monte J. Radeke, None; Marcus Fruttiger, Amakem (F), Novartis 
(C), Fight For Sight (F), Astra Zeneca (F), Novartis (F)
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TREM-1 blockade prevents vitreoretinal neovascularization in a 
mouse model of retinopathy of prematurity
Modesto A. Rojas1, Ruth B. Caldwell1, Zu Shen2, Alexander Sigalov2. 
1Vascular Biology Center, Augusta University, Augusta, GA; 
2Signablok, Inc, Shrewsbury, MA.
Purpose: In premature infants, normal retinal vascular development 
is interrupted resulting in retinal ischemia and invasion of the 
vitreous by abnormal neovessels. In addition, vitreoretinal 
neovascularization can promote traction retinal detachment, leading 
to blindness. Laser ablation and anti-VEGF therapy are effective in 
preventing this pathology, but both can have adverse effects. New 
therapies are required to prevent the pathological neovascularization 
while promoting reparative growth of normal vessels. In retinopathy 
of prematurity (ROP), the retina is infiltrated by activated leukocytes 
and macrophages, and retinal microglial cells show phenotypic 
changes that have been implicated in the vascular pathology. 
Triggering receptor expressed on myeloid cells 1 (TREM-1), a 
recently discovered receptor of the immunoglobulin superfamily, 

activates neutrophils and monocytes/macrophages by signaling 
through the adapter protein DAP12. The TREM-1 gene is hypoxia-
inducible and is involved in angiogenic signaling during tumor 
growth. The intention of this study is to evaluate the role of TREM-
1 in pathological retinal neovascularization in a mouse model of 
oxygen-induced retinopathy (OIR).
Methods: Studies were performed using OIR as a model for ROP. 
Wild-type neonatal mice were maintained in 75% oxygen from 
postnatal day P7 to P12 and in room air from P12 to P17. Mice with 
OIR received daily i.p. injections of novel TREM-1 peptide inhibitors 
or vehicle from P7 through P17. TREM-1 expression was measured 
by Western blotting and by immunofluorescence analysis of retinal 
flat mount sections double labeled with TREM-1 in combination 
with markers for macrophage/microglia (CD45/iba1). The vascular 
network was assayed by labeling with Isolectin B4
Results: OIR induced a substantial increase in TREM-1 expression 
as shown by immunohistochemistry and Western blot. TREM-1 
was localized specifically in areas of pathological vitreoretinal 
neovascularization, largely co-localizing with CD45 and to a lesser 
extent, iba1. TREM-1 blockade significantly reduced the area of 
vitreoretinal neovascularization (P<0.05).
Conclusions: These results indicate that TREM-1 expressed on 
macrophage/microglia plays an important role in pathological 
retinal neovascularization and TREM-1 inhibition represents a novel 
strategy to treat ROP.
Commercial Relationships: Modesto A. Rojas; Ruth B. Caldwell, 
Augusta University (C); Zu Shen, Signablok, Inc (E); 
Alexander Sigalov, Signablok, Inc (I)
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Astrocytic Cx43 in Retinal Hypoxia: Gap junctions Vs 
Hemichannels
Miduturu Srinivas, Abduqodir Toychiev, Stewart A. Bloomfield, 
NEFELI SLAVI. Biological Sciences, SUNY College of Optometry, 
New York, NY.
Purpose: Retinal astrocytes influence the abnormal growth of 
blood vessels in ischemic retinopathies. In the oxygen induced 
retinopathy (OIR) mouse model, astrocytes degenerate shortly after 
exposure to hypoxia (~48 hours), an event associated with pathologic 
angiogenesis. A prominent feature of astrocytes is the abundant 
expression of connexin 43 (Cx43). In a companion abstract (Slavi et 
al., ARVO 2017) we show that deletion of Cx43 increases astrocyte 
density and promotes reparative angiogenesis in OIR. Cx43 forms 
gap junction channels (GJs) and hemichannels (HCs). Both channel 
configurations have been implicated in the propagation of secondary 
cell death in pathologic conditions. Here, we dissect the contribution 
of GJs and HCs in hypoxia-induced astrocyte degeneration.
Methods: Mouse litters were exposed to 75% oxygen from postnatal 
day (p) 7 to p12 and then returned to room air. The strength of GJ 
coupling and activation of HCs was measured at different points 
during relative hypoxia in both the central, avascular retina and the 
peripheral, vascularized retina. For GJ channel function, a single 
astrocyte was loaded with neurobiotin (5 mg/ml) and the extent of 
tracer spread was measured. For HC activity, uptake of ethidium 
bromide (EtBr, 4 µM) into astrocytes was measured in the presence 
or absence of Gap19 peptide, which is known to block HCs but not 
GJs.
Results: In the central retina, the number of tracer coupled astrocytes 
was low at 0 hours (76.6±23.3 cells; n=5 mice) but markedly 
increased after 6 hours in relative hypoxia (193±20 cells; n=8). 
Coupling remained high after 24 hours in hypoxia (137±30 cells; 
n=6 mice). The observed elevation of coupling was abolished after 
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inhibition of casein kinase 1δ (CK1 δ) (n=3), which phosphorylates 
Cx43 and promotes assembly of GJs into plaques. No difference in 
the number of coupled cells in the peripheral retina was observed 
between these time points (p>0.05; n=3 mice per group). Uptake 
of EtBr into astrocytes was found in both the central and peripheral 
retina at 0, 6 and 24 hours of hypoxia (80 cells/mm2; n=3, p>0.05) 
and was not blocked by the Gap 19 peptide.
Conclusions: GJ coupling between astrocytes is elevated early in 
the hypoxia phase of OIR due to phosphorylation of Cx43 by CK1δ. 
Increases in GJ channel function and not HC activity appear to 
underlie the harmful effects of Cx43 in OIR.
Commercial Relationships: Miduturu Srinivas, None; 
Abduqodir Toychiev, None; Stewart A. Bloomfield, None; 
NEFELI SLAVI, None
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Secretogranin III as a novel angiogenic target for retinopathy of 
prematurity
Michelle LeBlanc1, 3, Weiwen Wang1, Xiuping Chen1, 
Nora B. Caberoy2, Yanli Ji1, Hong Tian3, 1, Wei Li1, 3. 1Bascom Palmer 
Eye Institute, Miami, FL; 2University of Nevada Las Vegas, Las 
Vegas, NV; 3Everglades Biopharma, Miami, FL.
Purpose: There is currently no approved drug therapy for 
retinopathy of prematurity (ROP). To address the unmet clinical 
need, secretogranin III (Scg3) was recently discovered as a novel 
angiogenic factor with high disease selectivity. Unlike VEGF, Scg3 
selectively binds to and induces angiogenesis of diseased but not 
healthy vessels. In contrast to VEGF, Scg3-/- mice show no adverse 
effect on vascular and retinal development. The purpose of this study 
is to characterize Scg3 as a novel target for anti-angiogenic therapy 
of oxygen-induced retinopathy (OIR) in mice, a surrogate model of 
ROP.
Methods: Scg3 expression was detected using 
immunohistochemistry. Scg3 angiogenic activity was evaluated 
in human retinal microvascular endothelial cells (ECs) using 
proliferation, tube formation, migration and spheroid sprouting 
assays. Interactions between Scg3 and VEGF receptors were detected 
by ELISA and Western blot. An anti-Scg3 monoclonal antibody 
(mAb) was generated and characterized for its capacity to neutralize 
Scg3-induced EC proliferation in vitro. To induce OIR, C57BL/6 
mice were exposed to 75% oxygen on neonatal Day 7 (P7). After 
receiving an intravitreal injection of Scg3 mAb or control (0.36 mg/1 
ml/eye) on P12, mice were returned to room air. On P17, retinas were 
isolated, stained with fluorescence-isolectin B4 and analyzed for 
retinal neovascularization (NV) by confocal microscopy.
Results: Scg3 was detected in the retinal ganglion cells, inner and 
outer plexiform layers, photoreceptor inner segments and retinal 
pigment epithelium. Scg3 stimulated EC proliferation (n=4, p<0.01), 
tube formation (n=4, p<0.01), migration (n=3, p<0.05) and spheroid 
sprouting (n=8, p<0.001). Scg3 cannot bind to or activate VEGF 
receptors. Scg3 mAb inhibited Scg3-induced EC proliferation (n=5, 
p<0.001) and Src activation (n=4, p<0.05). Intravitreally administered 
Scg3-neutralizing mAb reduced OIR-induced retinal NV (n=11-18, 
p<0.001), NV tufts (p<0.001) and branching points (p<0.001).
Conclusions: Our results demonstrate that Scg3 is a novel angiogenic 
factor and that Scg3-neutralizing mAb prevents OIR-induced 
pathological NV. Owing to the disease selectivity of Scg3 and the 
normal phenotype of Scg3 knockouts, we predict that anti-Scg3 mAb 
has the potential for clinical therapy of ROP with minimal side effects 
on developing retina.

Commercial Relationships: Michelle LeBlanc, University of 
Miami (P), Everglades Biopharma (S); Weiwen Wang, University of 
Miami (P); Xiuping Chen, None; Nora B. Caberoy, None; Yanli Ji, 
None; Hong Tian, Spouse -Everglades Biopharma (S), University of 
Miami (P), Everglades Biopharma (S); Wei Li, Spouse -Everglades 
Biopharma (S), University of Miami (P), Everglades Biopharma (S)
Support: American Heart Association, AHA Award # 
16PRE27250308; NIH R01GM094449; R21EY027065
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Characterisation of retinal vascular growth and retinal astrocytes 
in a novel oxygen-induced retinopathy murine model
Laura Ah-Kye1, Tejas Kumar1, 2, Senthil Selvam1, Parisa Naser1, 2, 
Almas Dawood1, Paul McMenamin2, Marcus Fruttiger1. 
1Ophthalmology, UCL, London, United Kingdom; 2Monash 
University, Melbourne, VIC, Australia.
Purpose: A novel murine model of oxygen-induced retinopathy 
(OIR) exposes mice to 75% oxygen (O2) from post-natal day (P) 0 
to P7 (McMenamin et al, IOVS, in press). The pathological features 
generated in this model have been reported to be reflective of 
persistent and severe retinopathy of prematurity (ROP). We sought to 
explore the underlying developmental and cellular mechanisms that 
lead to the distinct phenotype of this model.
Methods: Retinal whole-mounts and cross-sections of enucleated 
OIR model eyes were visualised at P3, P7, P14 and P21, using 
immunohistochemistry labelling of endothelial cells (via isolectin-
IB4) and retinal astrocytes (via glial fibrillary acidic protein, GFAP).
Results: At the early hyperoxic stages (P3 and P7), there was 
absent vascularisation with increased density of retinal astrocytes in 
comparison to controls. At P14 and P21 there was significant hyaloid 
hypertrophy and retinal-hyaloid anastomoses, which appeared 
to source abnormal vessels at the peripheral retina. Quantitative 
analysis revealed significantly decreased GFAP expression and lack 
of astrocyte differentiation at the early P7 time-point, in comparison 
to controls (P<0.05). In contrast, at P21, we noted increased GFAP 
expression in comparison to controls (P<0.05). Retinal astrocytes 
were located on the innermost part of the retina as elongated cells, 
with no relation to the overlying vasculature.
Conclusions: In this OIR model, normal retinal vascularisation is 
almost entirely prevented during the early stages by O2 exposure. 
Penetration of hyaloid vessels at distinct locations in the retina lead 
to the delayed pattern of abnormal vascular growth, which is not 
associated with an astrocyte template. The abnormal hyaloid growth 
is induced by the hypoxic retina on return to normal air. Interruption 
of normal retinal astrocyte and endothelial cell interaction may occur 
due to the lack of astrocyte differentiation during the hyperoxia 
phase. Finally, contact with hyperplastic vasculature leads to 
upregulation of GFAP expression. These observations can be used as 
a basis for further enquiry into pathogenic mechanisms in this model 
which may convey processes occurring in severe ROP infants.
Commercial Relationships: Laura Ah-Kye; Tejas Kumar, None; 
Senthil Selvam, None; Parisa Naser, None; Almas Dawood, None; 
Paul McMenamin, None; Marcus Fruttiger, None
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Endothelial cell specific gene expression changes in Oxygen 
Induced Retinopathy
Alena Bartakova1, Geoffrey Weiner1, Napoleone Ferrara2, 
Richard Daneman3, Eric Nudleman1. 1Ophthalmology, Shiley Eye 
Institute, UCSD, La Jolla, CA; 2Pathology, UCSD, San Diego, CA; 
3Pharmacology, UCSD, San Diego, CA.



ARVO 2017 Annual Meeting Abstracts

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

Purpose: Retinopathy of prematurity (ROP) is an important cause 
of severe visual impairment in premature children worldwide. Visual 
morbidity in ROP is primarily a consequence of incomplete retinal 
vascularization and subsequent pathological neovascularization, 
accompanied by a breakdown of the blood-retinal barrier (BRB). 
Changes in the retinal endothelial cells are central to the disease 
phenotype, but little is known about the specific molecular changes 
that occur in these cells in ROP. Therefore, using the well-
characterized mouse oxygen-induced retinopathy (OIR) model, we 
aimed to identify the endothelial cell specific transcriptional changes 
in purified retinal endothelial cells.
Methods: To isolate retinal endothelial cells from mice, we expressed 
the Rosa-Tomato protein specifically in vascular endothelial cells 
using the VE-Cadherin Cre. Animals were exposed to 75% oxygen 
from postnatal day 7 (P7) until P12, and then returned to 21% oxygen 
(room air). OIR animals and room air controls were sacrificed at P12, 
P17 and P25, to identify the early (vaso-obliterative, Phase I), late 
(vaso-proliferative, Phase 2), and resolution phase in OIR. Retinas 
were dissected and enzymatically and mechanically dissociated to 
recover a single cell suspension. Endothelial cells were purified by 
FACS based on Tomato fluorescence, after negatively selecting for 
dead cells, pericytes, and leukocytes. Subsequently, isolated retinal 
endothelial cell mRNA was purified and used for high-throughput 
RNA sequencing. Results were analyzed comparing gene expression 
between OIR and control samples.
Results: Gene expression analysis shows successful mapping to the 
mouse genome. The purity of our cell extraction and sorting protocol 
is supported by the high levels of expression of vascular endothelial-
specific genes such as Pecam1 and Cldn5. The gene expression 
analysis shows major alterations between OIR and room air animals, 
providing novel potential targets that regulate BRB integrity and 
retinal vascular proliferation.
Conclusions: Our results show changes in endothelial cell specific 
gene expression between OIR and normoxic animals during the 
vasoobliteration, vasoproliferation, and resolution phases. This data 
set provides novel genes whose expression may have important 
functional significance on aberrant vascular proliferation and 
breakdown of the BRB. Future studies will be aimed at determining 
the functional roles of these molecules.
Commercial Relationships: Alena Bartakova, None; 
Geoffrey Weiner, None; Napoleone Ferrara, None; 
Richard Daneman, None; Eric Nudleman, None
Support: UCSD Vision research core grant (P30EY022589)
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Systemic treatment by the Rho-kinase inhibitor Fasudil does not 
alter the mRNA levels of inflammatory markers after oxygen-
induced retinal neovascularization in mice
Norbert Kociok1, Claudia Brockmann1, Elzbieta Jaroslawska-
Setlak1, 2, Sabrina Dege1, Caitlin Corkhill1, Antonia M. Joussen1. 
1Ophthalmology, Charite Universitätsmedizin Berlin, Berlin, 
Germany; 2Vitreoretinal Surgery, Medical University of Lublin, 
Lublin, Poland.
Purpose: Rho kinase (ROCK) regulates a variety of cellular 
events, including endothelial migration and proliferation. The 
selective ROCK inhibitor Fasudil (C14H17N3O2S HCl), supports 
neuroprotection in vitro by decreasing the level of the pro-
inflammatory factors nitric oxide, IL-1β, IL-6, and TNFa in cultured 
microglia. We investigated the effects of Fasudil on the mRNA 
expression of these factors in an animal model of oxygen-induced 
retinopathy.

Methods: In a model of oxygen-induced retinal neovascularization 
mice received daily intraperitoneal injections of Fasudil at a dose of 
10mg/kg from P12 to P16. The mRNA levels of TNFa, IL-1b, IL-6, 
Nos-1/nNos, Nos-2/iNos, Nos-3/eNos, VEGF-A were determined by 
qPCR. Retinal vasculature on flatmounts was analyzed after staining 
with isolectin IB4.
Results: The mRNA level of IL-1b, IL-6, and TNFa are elevated at 
P14 in O2-treated mice. The level decreased at P17 for IL-1b and IL-6 
to the normoxic level, but increased further for TNFa, whereas at 
P21 normoxic mRNA level was reached for all three genes. Relative 
hypoxia led to a downregulation of Nos-1/nNos mRNA at P14 
and P17, which at P21 reaches normoxic level again. Irrespective 
to the treatment there is an equal high expression level for Nos-2/
iNos mRNA at P14, which decreases to a lower level in O2-treated 
mice. At P21 the Nos-2/iNos mRNA expression is very similar in 
O2-treated and untreated mice. For Nos-3/eNos there is no treatment-
related difference in the mRNA expression as the mRNA level is 
decreasing from P14 to P21. Injecting Fasudil did not alter the mRNA 
level of the analyzed genes at P14 or P17.
At P14, the retinas of the control group showed a mean (±SD) 
avascular area of 29.6 ± 6.8 % of total retinal area (NaCl injected 
mice: 24.5 ± 4.7 %; Fasudil injected mice: 25.6 ± 2.3 %). No 
significant differences were found between the groups (p = 0.331,  
p = 0.682, p = 0.562, respectively).
Conclusions: Our findings demonstrate that a systemic application 
of Fasudil did not alter the mRNA levels of inflammatory markers in 
mice with oxygen-induced retinopathy, and did not decrease retinal 
neovascularization; but that for this purpose intravitreal injection may 
be necessary. The results of our study makes it clear that the effects 
of ROCK inhibition are complex and further studies are necessary to 
analyze its potential therapeutic effects.
Commercial Relationships: Norbert Kociok, None; 
Claudia Brockmann, None; Elzbieta Jaroslawska-Setlak, None; 
Sabrina Dege, None; Caitlin Corkhill, None; Antonia M. Joussen, 
None
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Histopathologic Characterization of the Expression and 
Distribution of IGF-1 in Retinopathy of Prematurity
Maria Paula Fernandez1, Sander R. Dubovy1, Audina M. Berrocal2, 
Clio A. Harper3, Richard K. Lee4. 1Ocular Pathology, Bascom Palmer 
Eye Institute, Miami, FL; 2Pediatric Retina, Bascom Palmer Eye 
Institute, Miami, FL; 3Austin Retina Associates, Austin, Texas; 
University of Texas Health, Austin, TX; 4Bascom Palmer Eye 
Institute, Miami, FL.
Purpose: Insulin like Growth Factor-1 (IGF-1) is known to be a 
non-oxygen-regulated growth factor that contributes to normal retinal 
vessel growth and also to vascular disruption and neovascularization 
in ROP patients. The purpose of this study was to characterize the 
expression of IGF-1 in the retina of a patient with ROP (Case 1) and 
compare it to a case of ROP treated with Ranibizumab (Case 2), a 
case of a premature infant without ROP (Case 3) and a case of an 
infant without history of ROP or prematurity (Case 4). 
Methods: The eyes of the deceased infants were removed post 
mortem and were sent to the Florida Lions Ocular Pathology 
Laboratory where they were processed. Infants from cases 1 to 3 
died of causes related to their prematurity. Infant from Case 4 was 
found unresponsive by his caretaker. In addition to the regular H&E 
and PAS stains performed, immunofluorescence was done using an 
anti-IGF-1 antibody (abcam). IRB/Ethics Committee approval from 
the University of Miami, Miller School of Medicine was obtained for 
this study.
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Results: All cases except for Case 4 disclosed positive IGF-1 
staining. Positive staining was present in all layers of the retina in 
the posterior pole and in the NFL, inner nuclear layer, photoreceptors 
and the spindle-shaped cell population at the vanguard in Case 1. 
This case demonstrated weaker staining at the demarcation line 
and avascular retina, when compared to Case 2. Case 1 and Case 2 
demonstrated similar staining patterns for IGF-1 within the neural 
retina at the posterior pole. Case 3 disclosed positive but weak 
expression of IGF-1 within all layers of the retina.
Conclusions: Less IGF-1 staining was observed within the retina 
of Case 3 and Case 1. These findings are consistent with what has 
been described in different studies and models regarding the changes 
in the blood levels of IGF-1 in utero, at premature birth, early and 
later phases of ROP, as well as ROP after treatment. The different 
expression patterns shown, may suggest that IGF-1 plays a relevant 
role in the pathophysiology of ROP and could represent a future 
target for treatment. To our knowledge, no studies have described the 
expression and distribution of this factor within the neural retina of 
patients with ROP.

Case 1) Positive IGF-1 staining at the demarcation line in the neural 
retina.

Case 2) Positive IGF-1 staining at the demarcation line in the neural 
retina.
Commercial Relationships: Maria Paula Fernandez, None; 
Sander R. Dubovy, None; Audina M. Berrocal, None; 
Clio A. Harper, None; Richard K. Lee, None
Support: Supported by NIH Center Core Grant P30EY014801, 
Research to Prevent Blindness Unrestricted Grant, Department 
of Defense (DOD- Grant#W81XWH-09-1-0675 and Grant# 
W81XWH-13-1-0048 ONOVA) and the Florida Lions Eye Bank
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Effects of inhibition of neovascular signalling in a model of 
retinopathy of prematurity
Peter Heiduschka1, Tanja Plagemann1, Anne F. Alex2, Nicole Eter2. 
1Research laboratory, Department of Ophthalmology, University 
of Muenster Medical Centre, Muenster, Germany; 2Department of 
Ophthalmology, University of Muenster Medical Centre, Muenster, 
Germany.
Purpose: Retinopathy of prematurity (ROP) can be treated by 
blocking of VEGF. In a mouse model of ROP, we tested if blocking 
of placental growth factor (PlGF) would result in effects comparable 
to those achieved by anti-VEGF treatment. We also tested combined 
blocking of VEGF and PlGF and effects of Sunitinib that blocks 
many pro-angiogenic pathways.
Methods: C57BL/6 mice were exposed to 75% oxygen from 
postnatal days P7 to P12. After return to ambient air, intravitreal 
injections were performed. In three control groups, PBS or two 
neutral IgG molecules were injected. Mice of a fourth control group 
remained untouched after O2 treatment. In the treatment groups, 
antibodies against VEGF or PlGF, a mixture of anti-VEGF and anti-
PlGF, and Sunitinib were injected. At least 10 eyes were evaluated 
in each group. On P17, electroretinographic (ERG) measurements 
were performed. The eyes were isolated, and blood vessels in 
retinal whole mounts were stained to evaluate avascular zones and 
neovascularisation. Results are expressed as percent of total retinal 
area with standard deviation (SD). Statistical analysis was done using 
the Kruskal-Wallis test.
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Results: Eyes of control groups showed similar neovascularisation 
(1.7-3.4%, SD 0.8-1.3%). Neovascularisation was clearly less (0.6-
0.9%, SD 0.4-0.6%) in all treatment groups compared to controls 
(p<0.01 for antibodies and p<0.05 for sunitinib). Avascular zones in 
the retinas of all control groups showed similar values (15.6-22.7%, 
SD 4.6-8.8%). In eyes injected with anti-VEGF, avascular zones were 
reduced down to 4.0±2.7% (p<0.001 for control groups), but they 
were not reduced significantly when anti-PlGF, anti-VEGF+anti-
PlGF or Sunitinib were injected (13.6-21.2%, SD 4.4-6.2%).
ERG measurements did not reveal significant differences between 
the controls and the treatment groups. Amplitudes of a-waves were 
slightly larger in treated mice than in controls, and b-waves and 
amplitudes of oscillatory potentials were slightly larger in anti-VEGF 
treated mice than in all other groups.
Conclusions: Blocking of PlGF or injection of sunitinib results in a 
similar inhibition of neovascularisation as by anti-VEGF treatment in 
the mouse model of ROP. However, physiological angiogenesis that 
occurs after anti-VEGF treatment is blocked by anti-PlGF or sunitinib 
treatment. This indicates that pathological neovascularisation follows 
different pathways than physiological angiogenesis in ROP.
Commercial Relationships: Peter Heiduschka, Bayer (F); 
Tanja Plagemann, None; Anne F. Alex, None; Nicole Eter, None
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Retinal neurodegeneration and neovascularization are 
suppressed by HIF inhibitor topotecan in murine models of 
retinopathy
Yukihiro Miwa1, 2, Maki Miyauchi1, 2, Ayako Ishida1, 2, 
Yusaku Katada1, 2, Hiromitsu Kunimi1, 2, Yohei Tomita1, 2, 
Kazuo Tsubota1, Toshihide Kurihara1, 2. 1Department of 
Ophthalmology, Keio University School of Medicine, Tokyo, Japan; 
2Laboratory of Photobiology, Keio University School of Medicine, 
Tokyo, Japan.
Purpose: Retinal diseases caused with neurodegeneration and 
pathological angiogenesis are the major vision threatening disorders 
in developed countries. Hypoxia-inducible factors (HIFs) are 
transcriptional factors which regulate angiogenesis, intracellular 
metabolism, and programed cell death mainly depending on oxygen 
availability. We hypothesized that ectopic activation of HIFs may 
contribute to the pathogenesis of the diseases through an abnormal 
stress response, and reported that a topotecan has a preventive effect 
against a murine light-induced retinopathy (LIR) model at ARVO 
2016. Here we show that topotecan is protective against not only 
neurodegeneration but also pathological angiogenesis through a 
common molecular mechanism.
Methods: To investigate therapeutic mechanisms of topotecan 
against LIR, murine cone photoreceptor cell line 661W cells were 
treated with vehicle or topotecan, and exposed to a bright light (380 
nm, 50W/m2, 30 min) with a HIF-luc reporter gene transfection to 
monitor HIF activation. As a LIR model, 8-week-old BALB/C mice 
were exposed to 3,000lux white light for one hour and the mRNA 
expression of hif-1a and HIF target genes in sensory retina were 
evaluated by qPCR. To evaluate a therapeutic effect of topotecan on 
pathological angiogenesis, 661W was incubated under 1% oxygen 
and the mRNA expression of hif-1a and HIF target genes were 
evaluated by qPCR. Mice in oxygen-induced retinopathy (OIR) 
model were injected vehicle or topotecan from P12-16 (1.25 mg/
kg/day). Retinal neovascular tufts were evaluated on wholemount 
staining with isolectin-B4. P-value less than 0.05 was considered as 
statistical significance with Student’s t-test.
Results: A significant HIF activation was observed in 661W cell 
exposed to a bright light (1.5-fold, p < 0.001), and topotecan 

suppressed the light-induced HIF activation by 47.9% (p < 0.001). 
Hif-1a (1.9-fold, p < 0.001) and bnip3 (1.3-fold, p < 0.05) were 
significantly increased in the retina of LIR. Vegf was significantly 
increased (3.5-fold, p <0.001) in 661W cells incubated under 1% 
oxygen, and topotecan significantly suppressed vegf by 28.9% 
(p < 0.05). In the OIR model, topotecan significantly suppressed 
neovascular tufts by 26.9% (p < 0.05).
Conclusions: Topotecan has preventive effects against both 
neurodegeneration and pathological angiogenesis in murine retinae 
by suppressing hif-1a mRNA and HIF target genes.
Commercial Relationships: Yukihiro Miwa, None; 
Maki Miyauchi, None; Ayako Ishida, None; Yusaku Katada, 
None; Hiromitsu Kunimi, None; Yohei Tomita, None; 
Kazuo Tsubota, None; Toshihide Kurihara, None
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Inflammatory infiltrates in hyperoxia-induced proliferative 
retinopathy in C57BL/6J and C57BL/6N strains
Michelle Lajko1, Herminio J. Cardona2, Joann M. Taylor2, 
Kathryn N. Farrow2, Amani A. Fawzi1. 1Ophthalmology, 
Northwestern University, Chicago, IL; 2Pediatrics, Northwestern 
University, Chicago, IL.
Purpose: In hyperoxia-induced proliferative retinopathy (HIPR), 
the retina had disrupted vascular development, disorganized 
angiogenesis, and retinal detachment. We wanted to characterize the 
differences in inflammatory markers in two strains of mice in HIPR.
Methods: We used the HIPR model to compare C57BL/6J and 
C57BL/6N strains. In HIPR, mice were exposed to 75% oxygen 
from birth to post-natal day (P) 14. Mice were euthanized at P14 
or recovered in room air for one day (P15), one week (P21), or two 
weeks (P28). Room air controls were euthanized at the same time 
points. In retinal cross sections, we immunostained for vascular 
endothelium (Isolectin B4, IB4), macrophages (F4/80), microglia 
(Iba-1), and lymphocytes (CD45R).
Results: Both strains in HIPR had disrupted blood vessel 
development and angiogenesis in the inner plexiform layer at P21 
and P28. In room air controls, Iba-1 stained the resident microglia 
in the inner nuclear layers. For both strains in HIPR, Iba-1 staining 
was mainly observed at P21 in the inner plexiform layer and retinal 
ganglion cell layer, decreasing by P28. In room air controls, there 
was no F4/80 or CD45R staining at any time point. In, contrast, HIPR 
in both strains showed F4/80 and CD45R stained cells in the inner 
plexiform layer and retinal ganglion cell layer by P28. There were no 
cells positively stained for F4/80 or CD45 in either strain at P14-P21 
in HIPR.
Conclusions: Microglia migrated to the inner retina at the site of 
angiogenesis by P21, followed by macrophages and lymphocytes P28 
in both strains in HIPR. We did not observe any strain differences, 
considering the location of the infiltrates or the time points at which 
these cells appeared.
Commercial Relationships: Michelle Lajko, None; 
Herminio J. Cardona, None; Joann M. Taylor, None; 
Kathryn N. Farrow, None; Amani A. Fawzi, None
Support: NIH Grant R21HD077336
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Characterization of the neuroinflammatory response in the 
oxygen-induced retinopathy model of ischemic retinopathy
Kyle Marra1, 2, Salome Murinello2, Felicitas Bucher2, Edith Aguilar2, 
Martin Friedlander2. 1Medicine, Bioengineering, University of 
California, San Diego, La Jolla, CA; 2Cell and Molecular Biology, 
The Scripps Research Insitute, La Jolla, CA.
Purpose: The oxygen-induced retinopathy (OIR) model of ischemic 
retinopathy has been used to test the anti-angiogenic potential 
of various compounds, including VEGF antagonists. While 
neuroinflammation has been implicated in the pathophysiology 
of human ischemic retinopathies such as proliferative diabetic 
retinopathy, it has not been systematically studied. This study aimed 
to characterize cytokine and immune cell activation in the OIR 
model.
Methods: OIR was induced in C57BL/6J mice via hyperbaric oxygen 
exposure from p7-p12. Tissues were collected at p12, p14, p17 and 
p21. Infiltration of immune cells (monocytes, neutrophils, T cells, 
and B cells) and activation of microglia were investigated by flow 
cytometry. qPCR analysis was performed to investigate expression 
levels of several cytokines known to be involved in modulating 
immune responses. The role of particular cytokines was investigated 
by injection of recombinant protein or neutralizing antibodies at p12 
with immunohistochemical quantification of neovascularization (NV) 
at p17.
Results: During the neovascular phase from p12 to p14, there was no 
infiltration of immune cells, microglia did not express any activation 
markers investigated, and LTA, CCL17, CCL3, CCL4, and CXCL10 
mRNA levels were up-regulated. During the vascular repair phase 
from p17 to p21, infiltration of macrophages and neutrophils was 
observed and mRNA levels of CCL11, CCL2 and IL-6 were up-
regulated. Consistently, when we injected neutralizing antibodies for 
LTA and CCL17, NV was delayed. When we injected recombinant 
CCL2 and CCL11, we saw reduced NV.
Conclusions: Our study demonstrates a role of previously unexplored 
inflammatory proteins in ischemic retinopathy. Surprisingly, we 
saw that microglia activation and myeloid cell recruitment did not 
occur during the neovascular phase (p12-p14) in the OIR model, 
which coincided with qPCR findings of elevated immunosuppressive 
cytokines at p12 and p14. In addition, we found that microglia 
activation and myeloid cell recruitment began during the repair phase 
(p17-p21), coinciding with the upregulation of pro-inflammatory 
cytokines. These trends suggest that certain inflammatory proteins in 
the OIR model may be promoting tissue repair rather than pathology, 
a result that highlights the need to further investigate immunologic 
targets for treating ocular disease.
Commercial Relationships: Kyle Marra, None; Salome Murinello, 
None; Felicitas Bucher, None; Edith Aguilar, None; 
Martin Friedlander, None
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Overexpression of spermine oxidase in retinal neurons aggravates 
vascular injury in a model of retinopathy of prematurity
Chintan Patel1, 5, PRAHALATHAN PICHAVARAM2, 5, 
Manuela Cervelli3, Ruth B. Caldwell4, 1, S. Priya Narayanan2, 5. 
1Vascular Biology Center, Augusta University, Augusta, GA; 
2Department of Occupational Therapy, Augusta University, Augusta, 
GA; 3Department of Sciences, University Roma Tre, Rome, Italy; 
4Veterans Administration, Augusta, GA; 5Vision Discovery Institute, 
Augusta University, Augusta, GA.

Purpose: Retinopathy of prematurity (ROP), continues to be a major 
cause of childhood blindness all over the world. Using an oxygen-
induced retinopathy (OIR) mouse model of ROP, we have previously 
shown that inhibition of polyamine oxidases using MDL 72527 
significantly reduced vascular injury and microglial activation (Patel 
et al., 2016). Spermine Oxidase (SMO, a polyamine oxidase) is a 
key enzyme in polyamine catabolism. In this study, we investigated 
the impact of specific overexpression of SMO in retinal neurons on 
mediating vascular injury.
Methods: Newborn Calbindin-cre-SMOf/f transgenic mice 
overexpressing SMO in horizontal and amacrine cells (SMO Tg) 
and littermate (WT) control mice were maintained in 70% oxygen 
from postnatal day (P) 7 to 12 followed by normoxia until P17. 
Animals were sacrificed at different stages of OIR treatment and eyes 
were processed for different studies. Retinal cryostat sections were 
prepared for immunostaining analysis. Analysis of vaso-obliteration 
and neovascularization were performed on retinal flatmounts.
Results: In SMO Tg model, vascular development is normal and 
SMO is over expressed in horizontal and amacrine cells, which are 
ideally situated to interact with the vasculature. Untreated SMO 
Tg retinas showed normal vascular development. Vaso-obliteration 
analyses using Isolectin B4 on retinal flatmounts showed significantly 
increased avascular area at P12 and P17 in SMO Tg retina compared 
to control OIR treated retina (p<0.05, N=5). Quantitation of 
neovascular tufts (NV) on retinal flatmounts revealed significant 
increases in pathological NV area in SMO Tg OIR retina compared 
to control OIR retinas at P17 (p<0.05, N=3). Immunolabeling 
studies using GFAP antibody demonstrated that glial activation 
was also increased in SMO Tg OIR retina compared to control OIR 
retinas at P17. These data demonstrate a specific role for neuronal 
SMO in mediating OIR-induced retinal vascular injury. Molecular 
mechanisms by which SMO mediates glial activation and vascular 
damage in OIR retina are currently under investigation.
Conclusions: Our data suggest a significant role of neuronal SMO 
in mediating vascular damage and glial activation in the OIR 
retina. Calbindin-cre-SMOf/f transgenic mouse is an excellent 
tool to investigate the neuro-vascular interactions and regulatory 
mechanisms in retinal disease models.
Commercial Relationships: Chintan Patel, None; 
PRAHALATHAN PICHAVARAM, None; Manuela Cervelli, 
None; Ruth B. Caldwell, None; S. Priya Narayanan, None
Support: AHA 11SDG7440088, Culver Vision Discovery Institute 
pilot grant, PHS grant R01EY011766
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Therapeutic Effects of Insulin-Like Growth Factor-1 in 
Hyperglycemic Retinopathy of Prematurity
Elizabeth P. Moran1, Raffael Liegl1, Zhongjie Fu1, Ye Sun1, 
Samuel Burnim1, Steven Meng1, Chatarina Lofqvist2, Ann Hellstrom2, 
Lois E. Smith1. 1Ophthalmology, Boston Children’s Hospital, Boston, 
MA; 2Ophthalmology, University of Gothenburg, Gothenburg, 
Sweden.
Purpose: Retinopathy of Prematurity (ROP) in preterm babies can 
lead to blindness. The only available therapies for ROP are ablative 
laser surgery or intravitreal injection anti-VEGF therapy in the 
second phase of ROP, both with adverse effects. Hyperglycemia in 
the early postnatal period in preterm infants is associated with ROP, 
as are reduced levels of serum Insulin-Like Growth Factor 1 (IGF-1). 
Increasing IGF-1 to in utero levels may help prevent complications 
of preterm birth including ROP. We assessed the effect of IGF-1 
supplementation in a mouse model of neonatal hyperglycemia on 



ARVO 2017 Annual Meeting Abstracts

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

retinal vascular development (phase I of ROP) and in hyperglycemic 
oxygen-induced retinopathy (phase II of ROP).
Methods: Mouse pups were injected with streptozotocin (STZ) to 
induce hyperglycemia in normoxic mice, and in mice subjected to 
oxygen-induced retinopathy (OIR). To compare normal vascular 
development in normoglycemic and hyperglycemic mice treated 
with IGF-1, normoxic mice were sacrificed on postnatal day 10 
(P10) and retinal vascular density quantified. To determine if IGF-1 
affected hyperglycemic/ischemic neovascularization characteristic of 
Phase II ROP, OIR mice were injected with vehicle or STZ ± IGF-1 
and neovascularization and vasoobliteration quantified at P17. An 
electroretinogram (ERG) was used to assess neuroprotective effects 
of IGF-1. A subgroup analysis was conducted to determine if body 
weight affected experimental outcomes.
Results: STZ induced hyperglycemia in neonatal pups when 
administered daily. STZ-injected mice had a substantially less 
developed deep vascular network at P10 relative to normoglycemic 
mice (p<0.001), and IGF-1 treatment from P5-9 rescued the 
phenotype (p<0.05). On P17 in OIR, hyperglycemic mice had more 
neovascularization relative to normoglycemic mice (p<0.01), and 
IGF-1 decreased neovascularization (p<0.01). The body weight 
subgroup analysis suggested that pups with decreased body weight 
had more severe neovascularization in the hyperglycemic OIR model, 
and IGF-1 had a more profound therapeutic effect in this subgroup.
Conclusions: Administration of exogenous IGF-1 has beneficial 
effects on normal vascular development in hyperglycemic conditions, 
as well as on neovascularization in ischemic and hyperglycemic 
conditions. Clinically, preterm infants with low body weight and 
hyperglycemia may benefit most from this treatment.
Commercial Relationships: Elizabeth P. Moran, None; 
Raffael Liegl, None; Zhongjie Fu, None; Ye Sun, None; 
Samuel Burnim, None; Steven Meng, None; Chatarina Lofqvist, 
None; Ann Hellstrom, None; Lois E. Smith, None
Support: NIH T32EY005318 (EPM), NIH EY024864, EY022275, 
EY017017, P01 HD18655, Lowy Medical Research Institute, 
European Commission FP7 project 305485 PREVENT-ROP (LEHS)
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Efficacy of novel hypoxia inducible factor-prolyl hydroxylase 
(HIF-PH) inhibitor in the prevention of retinopathy of 
prematurity (ROP)
Jin Zhang2, 1, George Hoppe2, John Wang2, Youstina Bolok2, 
Amit Sharma2, Jonathan E. Sears2, 1. 1Cleveland Clinic Lerner 
College of Medicine, Cleveland, OH; 2Cole Eye Institute, Cleveland 
Clinic, Cleveland, OH.

Purpose: Small molecule HIF-PH inhibitor drugs are effective in 
reducing retinal ischemia and neovascularization in mouse and rat 
oxygen induced retinopathy (OIR) models. We evaluated the efficacy 
and activity profile of a novel HIF-PH inhibitor drug containing a 
carbonyl glycine structure common to both DMOG and roxadustat.
Methods: The mouse model of oxygen-induced retinopathy (OIR) 
was used to evaluate efficacy after intraperitoneal (IP) injections of 
10 µg/g, 25 µg/g, and 50 µg/g drug at P6, 8, and 10 in comparison to 
optimized concentrations of roxadustat and DMOG. Quantification 
of avascular retina at P17 was used to compare the effect of each 
compound. Organ specific HIF-1 and HIF-2 stabilization was 
detected using luciferase oxygen dependent domain mouse and 
western blot. Induction of HIF target genes were quantified by RT-
qPCR.
Results: The novel HIF-PH inhibitor significantly reduced retinal 
ischemia measured at P17 as compared to control at both the 25 µg/g 
and 50 µg/g dosages but not at 10 µg/g in the OIR model, reducing 
retinal avascular area by 29.9% at the 25µg/g dose (p = 0.0137) and 
21.9% at the 50 µg/g dose (p = 0.0047). There was no significant 
difference between the 25µg/g and the 50 µg/g dose  
(p = 0.479). There was no significant effect seen at the 10 µg/g dose. 
In comparison, DMOG and roxadustat induce a 62.1%  
(p = 0.021) and 68.2% (p < 0.0001) decrease in avascular area at P17, 
respectively.
In contrast, serum erythropoietin levels increased 68.5-fold after 
a single injection, which was significantly higher than the 31.9-
fold increase by roxadustat. Serum elevation of erythropoietin was 
matched by increased in vivo Epo mRNA expression which was 
25-fold in the liver and 6.9-fold in the kidney. Like roxadustat, HIF-1 
protein increased in retina, liver and kidney; HIF-2 was unchanged in 
retina and brain.
Conclusions: This novel carbonyl glycine can provide statistically 
significant reduction in retinal ischemia in the mouse OIR model and 
is especially potent in elevating serum erythropoietin.
Commercial Relationships: Jin Zhang, None; George Hoppe, 
None; John Wang, None; Youstina Bolok, None; Amit Sharma, 
None; Jonathan E. Sears, None
Support: NIH Grant T32EY024236, NIH-NEI P30 Core Grant 
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Prevent Blindness to Cole Eye Institute, The Hartwell Foundation 
Individual Biomedical Research Award, and NIH NEI R01EY024972


