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507 Molecular mechanisms of diabetic retinopathy
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Program Number: 5206 Poster Board Number: B0093
Presentation Time: 8:30 AM–10:15 AM
Advanced Glycation End Products Link Inflammatory Response 
to Upregulation of Galectin-1 in Diabetic Retinopathy
Atsuhiro Kanda, Yoko Dong, Kousuke Noda, Wataru Saito, 
Susumu Ishida. Ophthalmology, Hokkaido University, Sapporo, 
Japan.
Purpose: Galectin-1, a galactoside-binding lectin protein, has 
recently been shown to increase in the vitreous of proliferative 
diabetic retinopathy (DR) eyes independently of vascular endothelial 
growth factor (VEGF) and to co-localize with VEGFR2 in 
fibrovascular tissues. Galectin-1 application to endothelial cells 
causes VEGFR2 phosphorylation and in vitro angiogenesis. In this 
study, to understand the contribution of galectin-1 to the pathogenesis 
of DR, we investigated regulatory mechanisms of galectin-1 in vitro 
and in vivo.
Methods: Human surgical samples were examined by enzyme-linked 
immunosorbent assay and immunofluorescence. Immunoblot analysis 
and real-time PCR were performed to measure protein and mRNA 
expression levels in several human cell lines and streptozotocin-
induced diabetes in mice.
Results: Galectin-1 protein levels in aqueous humor samples 
increased with the progression of clinical stages of DR. In vitro, 
administration with advanced glycation endproducts (AGEs) to 
macrophages induced proinflammatory cytokine interleukin (IL)-1β 
production via toll-like receptor 4, and IL-1β stimulation elevated 
galectin-1/LGALS1 expression in Müller glial cells. Intravitreal 
injection of anti-Il-1β neutralizing antibody significantly decreased 
galectin-1/Lgals1 expression in diabetic mice.
Conclusions: We propose that AGEs produced in diabetes activate 
inflammatory cascades in macrophages followed by Müller glial 
cells, leading to an increase in galectin-1. Our findings reveal for the 
first time the significant involvement of galectin-1 in the pathogenesis 
of DR along with the degree of disease severity.
Commercial Relationships: Atsuhiro Kanda, Bayer Yakuhin Ltd 
(F); Yoko Dong, None; Kousuke Noda, None; Wataru Saito, None; 
Susumu Ishida, Bayer Yakuhin Ltd (F)

Program Number: 5207 Poster Board Number: B0094
Presentation Time: 8:30 AM–10:15 AM
Comparative miRNA Microarray Analysis of Diabetic Mice 
Retinas and Human Retinal Endothelial Cells Challenged With 
15-HETE or High Glucose
Khaled Elmasry1, 3, Amany M. Tawfik2, 3, Ahmed Ibrahim2, 3, 
Mohamed A. Al-Shabrawey2, 3. 1Cellular Biology & Anatomy, 
Augusta University, Augusta, GA; 2Oral Biology, Augusta University, 
Augusta, GA; 3Vision Discovery Institute, Augusta University, 
Augusta, GA.
Purpose: Our previous studies established the role of 
12/15-lipoxygenase (12/15-LO)-derived hydroxyeicosatetraenoic 
acids (12- and 15-HETEs) in diabetic retinopathy (DR). The goal 
of this study is to characterize the effect of these bioactive lipids on 
miRNA and related molecular pathways in human retinal endothelial 
cells (HRECs) compared to hyperglycemia.
Methods: RNA was extracted from retinas of age-matched normal 
or streptozotocin (STZ) induced diabetic mice. Also, RNA was 
extracted from HRECs treated with 15-HETE (0.5 µM) or its vehicle 

for 24 hours and high glucose (HG, 30 mM D-glucose) or osmotic 
control (5 mM D-glucose and 25 mM L-glucose) for 5 days. RNA 
was hybridized to the GeneChip miRNA 3.0 array (Affymetrix). Data 
were imported into Partek Genomic Suites version 6.6 (Partek, St. 
Louis, MO). The differential expression of miRNAs was calculated 
using ANOVA of Partek Package. Hierarchical clustering plots were 
generated using the miRNAs that showed significant changes. Data 
were imported into Ingenuity Pathway Analysis (IPA, Qiagen) and 
analyzed on Core Analysis and MicroRNA Target Filter to detect 
specific target genes and related pathways of the significantly 
changed miRNAs under various conditions.
Results: miRNAs were filtered based on statistical significance 
(p-value < 0.05) and fold change (FC ≥1.5) and accordingly our data 
demonstrated; 1) 312 miRNAs were significantly changed in retinas 
of STZ diabetic mice versus control group, 129 were downregulated 
and 183 were upregulated by diabetes; 2) 75 miRNAs were 
significantly changed in HRECs subjected to 15-HETE compared 
to the control, 29 were downregulated and 46 were upregulated; 3) 
94 miRNAs were significantly changed in HRECs subjected to HG 
versus control, 26 were downregulated and 68 were upregulated. The 
IPA linked the significantly changed miRNAs by hyperglycemia or 
15-HETE to major pathways that are implicated in the development 
of microvascular dysfunction in DR such as ER stress, autophagy, 
hypoxia signaling, inflammasome and oxidative stress.
Conclusions: Our miRNA array demonstrated that similar to 
hyperglycemia, 12/15-LO-derived bioactive lipids target several 
miRNAs that regulate critical pathways involved in the pathogenesis 
of DR. Future experiment will focus on identification of specific 
miRNAs as potential therapeutic targets.
Commercial Relationships: Khaled Elmasry, None; 
Amany M. Tawfik, None; Ahmed Ibrahim, None; Mohamed A.  
Al-Shabrawey, None
Support: NIH Grant (1R01EY023315-01) 

Program Number: 5208 Poster Board Number: B0095
Presentation Time: 8:30 AM–10:15 AM
Erythropoietin Protects Outer Blood–Retina Barrier in 
Experimental Diabetic Retina Through Up-regulating ZO-1 and 
occludin
Jingfa Zhang1, Chaoyang Zhang1, Qian Yang1, Weiye Li2,  
Guo-Tong Xu1. 1Department of Ophthalmology of Shanghai Tenth 
People’s Hospital, and Tongji Eye Institute, Tongji University School 
of Medicine, Shanghai, China; 2Department of Ophthalmology, 
Drexel University College of Medicine, Philadelphia, PA.
Purpose: Blood-retinal barrier (BRB) breakdown is a major 
pathological characteristic of diabetic retinopathy. Erythropoietin 
(EPO) was protective in diabetic retinopathy. This study was to 
explore the possible protective mechanisms of EPO on outer BRB in 
early diabetic rat retinas.
Methods: Male Sprague-Dawley (SD) rats and ARPE-19 cell line 
were employed in this study. The SD rats were rendered diabetes with 
intraperitoneal injection of streptozotocin, followed by Intravitreal 
injection of EPO 2 hours later; 2 and 4weeks later, the permeability 
of outer BRB was examined using FITC-dextran leakage assay and 
the RPE-Bruch’s membrane choriocapillaris complex (RBCC) was 
isolated for protein detection. The glyoxal-treated ARPE-19 cells 
were incubated with or without EPO for 3 or 48 hours, and then the 
cells were studied for cell viability, cell death and permeability of 
RPE monolayer. The expressions of ZO-1, occludin, E-cadherin, etc. 
were examined.
Results: The leakage of FITC-dextran was detected mainly in 
outer nuclear layer in 2-week diabetic rat retinas and became more 
obvious in 4-week diabetic rat retinas. The leakage can be largely 
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prevented in EPO-treated diabetic rats. The protein expressions of 
ZO-1 and occludin in RBCC remained unchanged in 2-week diabetic 
rats compared with that in normal control, but were decreased 
significantly in 4-week diabetic rats, which were reversed by EPO 
treatment. The in vitro study with ARPE-19 cells also confirmed 
above changes.
Conclusions: EPO could maintain outer BRB via up-regulating ZO-1 
and occludin expressions in diabetic rats. The detailed mechanisms 
need further exploration.
*Dr. Weiye Li and Dr. Guo-Tong Xu are co-corresponding authors.
Commercial Relationships: Jingfa Zhang; Chaoyang Zhang, 
None; Qian Yang, None; Weiye Li, None; Guo-Tong Xu, None
Support: This work was supported by National Natural Science 
Foundation of China (81570852, 81670867), and Shanghai Pujiang 
Program (15PJ1408700).

Program Number: 5209 Poster Board Number: B0096
Presentation Time: 8:30 AM–10:15 AM
Involvement of N-formyl peptide receptors in modulating the 
pro-angiogenic/pro-inflammatory activity of human vitreous in 
proliferative diabetic retinopathy (PDR)
Mohd I. Nawaz1, Sara Rezzola1, Michela Corsini1, Paola Chiodelli1, 
Anna Cancarini2, Daniela Coltrini1, Stefania Mitola1, 
Roberto Ronca1, Mirella Belleri3, Liliana Lista3, Dario Rusciano4, 
Mario De Rosa5, Vincenzo Pavone3, Francesco Semeraro2, 
Marco Presta1. 1Department of Molecular and Translational 
Medicine, University of Brescia, BRESCIA, Italy; 2Department of 
Ophthalmology, University of Brescia, BRESCIA, Italy; 3Department 
of Chemical Sciences, “Federico II” University of Naples, Naples, 
Italy; 4Sooft Italia Spa, Montegiorgio, Italy; 5Department of 
Experimental Medicine, Second University of Naples, Naples, Italy.
Purpose: PDR is characterized by neovascularization and a persistent 
grade of inflammation. N-formyl peptide receptors (FPRs) belong 
to a transmembrane G protein-coupled receptor superfamily able 
to modulate angiogenic and inflammatory responses. However, 
their involvement in PDR remains to be elucidated. Here, we 
examined FPR expression in human umbilical vein endothelial 
cells (HUVECs). We further assessed the capacity of vitreous fluid 
obtained from PDR patients after pars plana vitrectomy to induce 
pro-angiogenic/pro-inflammatory responses in endothelium and the 
contribution of FPR inhibitors to abrogate these responses.
Methods: Expression of FPRs (FPR1-FPR3) was examined in 
HUVECs at mRNA and protein levels. The capacity of PDR 
vitreous samples to induce pro-angiogenic and pro-inflammatory 
responses in HUVECs was assessed by cell proliferation, motility 
and sprouting assays and by evaluating the activation of pro-
inflammatory transcription factors, disruption of junctional protein 
and RT-PCR analysis of upregulation leukocyte adhesion molecules, 
respectively. In vivo, the pro-angiogenic/pro-inflammatory activity 
of PDR vitreous was tested in the chick embryo chorioallantoic 
membrane (CAM) assay. Finally, FPR1 inhibitor cyclosporin 
(CsH), FPR2 inhibitor WRW4 (Trp-Arg-Trp-Trp-Trp-Trp), pan-FPR 
inhibitor BOC-Phe-Leu-Phe-Leu-Phe (BOC-FLFLF), and the novel 
FPR inhibitor Ac-L-Arg-Aib-L Arg-L-Ca(Me)Phe-NH tetrapeptide 
(UPARANT) were tested for their capacity to inhibit the biological 
responses elicited by PDR vitreous in vitro and in vivo.
Results: Data from semi-quantitative RT-PCR, FACS and Western 
blot analyses indicate that primary HUVEC cultures express FPR3 
but not FPR1 and FPR2. PDR vitreous activates a pro-angiogenic/
pro-inflammatory phenotype in endothelial cells. Accordingly, PDR 
vitreous triggers a potent angiogenic/inflammatory response in vivo. 
The pan-FPR inhibitor BOC-FLFLF and the novel FPR antagonist 
UPARANT inhibited the capacity of PDR vitreous to stimulate 

the sprouting of HUVEC spheroids embedded in 3D-fibrin gel and 
neovessel formation in the CAM assay.
Conclusions: Together, our data point to the involvement of FPRs in 
modulating the pro-angiogenic/pro-inflammatory response of PDR 
vitreous. FPRs may represent a target for the development of novel 
anti-inflammatory/anti-angiogenic approaches for PDR therapy.
Commercial Relationships: Mohd I. Nawaz; Sara Rezzola, None; 
Michela Corsini, None; Paola Chiodelli, None; Anna Cancarini, 
None; Daniela Coltrini, None; Stefania Mitola, None; 
Roberto Ronca, None; Mirella Belleri, None; Liliana Lista, None; 
Dario Rusciano, None; Mario De Rosa, None; Vincenzo Pavone, 
None; Francesco Semeraro, None; Marco Presta, None
Support: None

Program Number: 5210 Poster Board Number: B0097
Presentation Time: 8:30 AM–10:15 AM
A comprehensive analysis of serum levels of prorenin/renin 
and inflammation-associated molecules in proliferative diabetic 
retinopathy
Keitaro Hase1, 2, Atsuhiro Kanda1, 2, Kousuke Noda1, 2, 
Susumu Ishida1, 2. 1Laboratory of Ocular Cell Biology and Visual 
Science, Hokkaido University Graduate School of Medicine, 
Sapporo, Japan; 2Department of Ophthalmology, Hokkaido 
University Graduate School of Medicine, Sapporo, Japan.
Purpose: Receptor-associated prorenin system (RAPS) plays a 
crucial role in ocular inflammation and neovascularization, also 
contributing to the development of proliferative diabetic retinopathy 
(PDR). In this study, we explored correlations between protein levels 
of RAPS components including prorenin/renin and inflammation-
associated molecules in the serum obtained from patients with PDR.
Methods: Serum samples were obtained from 40 consecutive 
patients, including 20 cases with non-angiogenic ocular diseases with 
idiopathic macular diseases including epiretinal membrane (ERM) 
and idiopathic macular hole (MH) (aged 63.4±4.3 y/o), and 20 cases 
with PDR (aged 62.4±8.7 y/o). Protein levels of prorenin/renin and 
inflammation-associated molecules, including tumor necrosis factor 
(TNF)-α, vascular adhesion protein-1 (VAP)-1, C-C chemokine 
ligand (CCL)2/monocyte chemotactic protein (MCP)-1, and 
interleukin (IL)-6 were determined by using a commercially available 
multiplex bead analysis system and enzyme-linked immunosorbent 
assay.
Results: As compared to control serum, protein levels of prorenin/
renin, IL-1β, VAP-1, FactorD/Adipsin, and TNF-α, but not CCL2/
MCP-1 or IL-6, significantly increased in PDR serum. Serum 
prorenin/renin correlated positively with IL-1β, FactorD/Adipsin and 
TNF-α in patients with PDR, but not in those with ERM and MH.
Conclusions: The current data demonstrate the elevated serum levels 
of prorenin/renin and correlations among prorenin/renin, IL-1β, 
FactorD/Adipsin and TNF-α in patients with PDR, suggesting a 
potential role of the RAPS in the pathogenesis of PDR.
Commercial Relationships: Keitaro Hase, None; Atsuhiro Kanda, 
None; Kousuke Noda, None; Susumu Ishida, None

Program Number: 5211 Poster Board Number: B0098
Presentation Time: 8:30 AM–10:15 AM
The Deranged Vitreous Biochemistry in Diabetic Retinopathy: 
Prabable Diagnostic, Prognostic and Therapeutic Targets
Nikhil S. Sahajpal1, 2, Vipan Vig2, Preetam Singh2, Rajbir Singh2, 
Subheet Jain1. 1PHARMACEUTICAL SCIENCES, GURU NANAK 
DEV UNIVERSITY, Amritsar, India; 2Dr Sohan Singh Eye Hospital, 
Amritsar, India.
Purpose: The etiology and progression of diabetic retinopathy 
(DR) remains a complex enigma. In DR patients, the vitreous 



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.

clinical biochemistry has not yet been reported. The biochemical 
changes occurring at the site of DR are paramount in understanding 
the pathophysiology of DR. We hypothesize a derangement in the 
vitreous biochemistry (metabolites, antioxidants & proliferative 
markers) in DR patients, which would enhance the understanding of 
the progression of DR.
Methods: A prospective, cross sectional study of vitreous and 
plasma samples from DR patients (n=29) and controls (C) (n=27) 
undergoing vitrectomy. Each sample was analyzed for biochemical 
markers (glucose, cholesterol, triglycerides, total protein (TP), urea, 
creatinine, albumin, aspartate transaminase, alanine transaminase, 
micro protein urea, uric acid, γ glutamyl transferase, phosphate, 
calcium, creatine kinase (CK) and lactate dehydrogenase-LDH) 
using the Clinical chemistry analyzer (Benespera, USA), zeaxanthin 
(ZEA-most abundant antioxidant in the macula of eye) using HPLC 
(Agilent Technologies, USA) and proliferative markers [vascular 
endothelial growth factor (VEGF) and VEGF receptor 1 (VEGFR1)] 
using ELISA (Ray Biotech, USA). Two tailed Student’s t-test was 
used for statistical analysis.
Results: Glucose (DR:49.27±27.78mg/dl, C:20.81±14.38mg/
dl; P<0.001), cholesterol (DR:1.24±1.72 mg/dl, C:0.29±0.95 mg/
dl; P<0.05), TP (DR 0.25±0.24 g/dl, C:0.1±0.11 g/dl; P<0.01), 
CK (DR:5.2±7.38 U/L, C:0.15±0.52 U/L; P<0.05) and LDH 
(DR:175.8±125.70 U/L, C:40.42±33.55 U/L; P< 0.01) were 
significantly increased in vitreous of DR vs. C. Creatinine was 
significantly (P<0.01) increased in plasma of DR vs. C. ZEA was 
significantly (P< 0.01) reduced in vitreous of DR (0.28±0.04 µg/ml) 
vs. C (0.36±0.09 µg/ml). ZEA was significantly (P<0.01) reduced 
in plasma of DR (0.32±0.04 µg/ml) vs. C (0.38±0.05 µg/ml). ZEA 
was significantly (P<0.05) reduced in DR vitreous vs. DR plasma. 
Further, trends reported in literature were observed for VEGF and 
VEGFR1 markers with no significant differences.
Conclusions: DR is a morbid disorder with evident deranged vitreous 
biochemistry typical of a metabolic disorder. Glucose, Cholesterol, 
TP, CK and LDH may be novel diagnostic/therapeutic targets in DR. 
ZEA, is a novel antioxidant and might be a critical diagnostic marker 
of therapeutic value in DR.

Commercial Relationships: Nikhil S. Sahajpal; Vipan Vig, None; 
Preetam Singh, None; Rajbir Singh, None; Subheet Jain, None

Program Number: 5212 Poster Board Number: B0099
Presentation Time: 8:30 AM–10:15 AM
Site specific phosphorylation of NF-κB p65 in human retinal cells 
exposed to pro- versus anti-inflammatory cytokines under high 
glucose conditions
Haoshen Shi1, Jena J. Steinle1, 2, Elizabeth A. Berger1, 2. 1Anatomy and 
Cell Biology, Wayne State University, Detroit, MI; 2Ophthalmology, 
Kresge Eye Institute, Detroit, MI.
Purpose: Inflammation has more recently been considered an 
important contributor to the pathogenesis of diabetic retinopathy 
(DR). Site-specific phosphorylation of NF-κB p65 subunit leads 
to selective activation and transcription of downstream pro-
inflammatory genes. IL-1β and TNF-α are direct activators of NF-κB 
and known to contribute to the overall inflammatory response in DR; 
while anti-inflammatory cytokine IL-4 suppresses inflammation. As 
such, the current study is designed to characterize site specific NF-κB 
p65 phosphorylation and downstream activation of inflammatory 
mediators following high glucose exposure associated with DR.
Methods: Primary human retinal endothelial cells (HREC) and 
MIO-M1 Müller cells were exposed to either normal glucose (5 mM, 
NG) or high glucose (25 mM, HG) for four days. Cells were serum 
starved for 24h, then treated with IL-1β, TNF-α or IL-4 in HG for 
10 min, 30 min, 2 hours or 24 hours. Total protein was collected for 
Western blot analysis of p65 phosphorylation sites – s276, s311, s468, 
s529 and s536. Total RNA was collected to confirm NF-κB-induced 
inflammatory molecules that are known to be altered in DR.
Results: Exposure to HG conditions resulted in increased 
phosphorylation of NF-κB p65 subunits s311 and s276 in HREC; 
while s468 was elevated in MIO-M1. Treatment with pro-
inflammatory cytokines IL-1β and TNF-α demonstrated up-regulated 
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phosphorylation of NF-κB p65 subunits s311 and s536 in HREC; 
subunits s536, s529 and s468 were elevated in MIO-M1 cells. 
Anti-inflammatory IL-4 reduced phosphorylation of subunit s536 in 
HREC; while s529 and s468 were decreased in MIO-M1 cells.
Conclusions: These data suggest that NF-κB p65 phosphorylation 
sites are differentially phosphorylated in HREC versus MIO-M1 
in response to HG; further exposure to cytokines such as IL-1β 
and TNF-α leads to differential activation of pathogenic molecules 
known to be associated with DR. In contrast, IL-4 can selectively 
inhibit phosphorylation of NF-κB p65 at different sites, potentially 
suppressing NF-κB’s activity as it relates to DR. The current study 
suggests potential therapeutic intervention points of NF-κB p65 
phosphorylation sites that may improve disease pathogenesis as it 
relates to DR.
Commercial Relationships: Haoshen Shi, None; Jena J. Steinle, 
None; Elizabeth A. Berger, None
Support: NIH Grants R01 EY023226, R01 EY022330 and P30 
EY004068, Research to Prevent Blindness

Program Number: 5213 Poster Board Number: B0100
Presentation Time: 8:30 AM–10:15 AM
Oral delivery of Angiotensin-(1-7) bioencapsulated in plant 
cells protect against diabetes-induced retinopathy and other 
complications
Amrisha Verma1, Kang Xu1, Tao Du1, Manoj Kulkarni1, Ping Zhu1, 
Tuhina Prasad1, Henry Daniell2, Qiuhong Li1. 1Ophthalmology, 
University of Florida, Gainesville, FL; 2Biochemistry and Pathology, 
School of Dental Medicine, University of Pennsylvania, Philadelphia, 
PA.
Purpose: Our previous studies demonstrated that increased 
expression of Ang-(1-7), the key member of the vasoprotective axis 
of the renin angiotensin system (RAS), via AAV-mediated retinal 
gene delivery, reduced diabetes-induced retinal pathology, providing 
the proof-of-concept that enhancing this axis is a promising approach 
for treating patients with DR. In addition, enhanced expression of 
Ang-(1-7) also improves lipid and glucose metabolism, ameliorates 
insulin resistance and confers protection against a variety of 
pathological conditions. Thus an ideal strategy would be to enhance 
this axis both systemically and locally at target tissues. This study 
was aimed to test the hypothesis that oral delivery of Ang-(1-7) 
bioencapsulated in plant cells would confer protection against 
diabetes-induced retinopathy in animal models.
Methods: Ang-(1-7) peptide fused with non-toxic cholera toxin 
subunit B (CTB) was expressed in plant chloroplasts. Diabetic 
eNOS-/- mice induced by STZ and Akita mice were orally gavaged 
with wild-type or Ang-(1-7) leaf materials three times/week, for eight 
weeks.
Results: Increased level of Ang-(1-7) was observed in circulation 
and retina after oral administration of CTB- Ang-(1-7). Ang (1-7) 
leaf material treatment significantly improved the glucose tolerance 
and insulin sensitivity in diabetic eNOS-/- and Akita mice, increased 
insulin expression of the pancreatic islets compared to control groups 
(untreated or treated with wild-type leaf material). Ang (1-7) leaf 
material treatment also significantly reduced apoptotic cell death in 
kidney, as well as diabetes- induced RGC loss, gliosis and microglial 
cell activation, expression of inflammatory cytokines in diabetic 
retina, improved mitochondrial function and prevented retinal 
endothelial capillary loss.
Conclusions: Our results demonstrate that orally administered  
Ang-(1-7) bioencapsulated in plant cells can be efficiently 
delivered into circulation and target tissues; orally administered 
bioencapsulated Ang-(1-7) not only mitigated diabetic retinopathy, 

but also improved systemic parameters and other diabetic 
complications, thus enhancing the protective axis of RAS by oral 
delivery of Ang-(1–7) bioencapsulated in plant cells provide an 
innovative, highly efficient and cost-effective therapeutic strategy for 
treating diabetes and diabetic complications.
Commercial Relationships: Amrisha Verma, None; Kang Xu, 
None; Tao Du, None; Manoj Kulkarni, None; Ping Zhu, None; 
Tuhina Prasad, None; Henry Daniell, None; Qiuhong Li, None
Support: Supported in part by NIH grants EY021752, EY024564, 
American Diabetes Association, BrightFocus Foundation (QL) and 
NIH grant R01 HL102033 (MKR). Core facilities were supported 
by NEI grant P30 EY02172 and Research to Prevent Blindness to 
University of Florida.

Program Number: 5214 Poster Board Number: B0101
Presentation Time: 8:30 AM–10:15 AM
Down-Regulation of PPARα through MicroRNA-Associated 
Mechanism in Diabetic Retinopathy
Yusuke Takahashi1, 2, Qian Chen3, 2, Fangfang Qiu3, H. 
Greg Matlock3, 2, Elizabeth P. Moran3, 2, Raju V. Rajala4, 3, Jian-Xing 
(Jay) Ma3, 2. 1Medicine-Endocrinology, Univ of Oklahoma Hlth Sci 
Ctr, Oklahoma City, OK; 2Harold Hamm Diabetes Center, Oklahoma 
City, OK; 3Physiology, Univ of Oklahoma Hlth Sci Ctr, Oklahoma 
City, OK; 4Ophthal/Dean McGee Eye Inst, Univ of Oklahoma Hlth 
Sci Ctr, Oklahoma City, OK.
Purpose: Peroxisome proliferator-activated receptor-alpha 
(PPARα) is a crucial transcription factor regulating numerous gene 
expressions implicated in lipid metabolism, glucose metabolism and 
insulin resistance. Two longitudinal clinical studies reported that 
administration of fenofibrate, a specific PPARα agonist, showed 
robust beneficial effects on diabetic retinopathy (DR) in type 2 
diabetes patients. Our recent studies showed that PPARα possesses 
anti-inflammatory and anti-apoptotic functions, and down-regulation 
of PPARα in diabetic retina is associated with pathogenic features of 
DR. In the last ARVO meeting, we reported that over-expression of 
microRNA-21 (miR-21) is implicated in the PPARα down-regulation 
in DR. In the present study, we examined the functional role of  
miR-21 in retinal inflammation and retinal cell apoptosis due to the 
down-regulation of PPARα in DR.
Methods: PPARα expression, inflammation and apoptosis in the 
retina of 6 month-old db/db and double knockout (dKO; Leptin 
receptor (db/db) and miR-21) mice were examined by  
qRT-PCR, Western blotting and ELISA. Similarly, miR-21 inhibitor 
and its negative control inhibitor were packed in nanoparticle 
and injected into vitreous space of 5 month-old db/db mice, and 
PPARα expression, retinal inflammation and retinal cell apoptosis 
were evaluated at 6 month-old. Furthermore, in addition to retinal 
inflammation, the impact of miR-21 on retinal neovascularization 
was evaluated with oxygen-induced retinopathy (OIR) model using 
miR-21 KO mice.
Results: Expression levels of PPARα were significantly higher in 
the retina of dKO mice, whereas retinal inflammation and retinal 
cell apoptosis were significantly lower compared to age-matched 
db/db mice. Similarly, delivery of miR-21 inhibitor into vitreous 
space prevented the down-regulation of PPARα and reduced retinal 
inflammation and apoptosis. Furthermore, retinal neovascularization 
and retinal inflammation were ameliorated in the retina of miR-21 KO 
mice with OIR.
Conclusions: The present study showed that diabetes-induced  
over-expression of miR-21 in the retina is responsible, at least in 
part, for down-regulation of PPARα in DR. Our studies also suggest 
that knock-down of miR-21 in the retina offers a therapeutic benefit 
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to ameliorate inflammatory responses, oxidative stress and neuronal 
apoptosis in DR.
Commercial Relationships: Yusuke Takahashi, None; 
Qian Chen, None; Fangfang Qiu, None; H. Greg Matlock, None; 
Elizabeth P. Moran, None; Raju V. Rajala, None; Jian-Xing 
(Jay) Ma, None
Support: NIH grants (EY018659, EY012231, EY019309, 
P20GM104934), a JDRF grant (2-SRA-2014-147-Q-R), American 
Heart Association (14PRE20460229), an IRRF grant and OCAST 
grants (HR13-076)

Program Number: 5215 Poster Board Number: B0102
Presentation Time: 8:30 AM–10:15 AM
Endothelial but not Leukocytic 12/15-Lipoxygenase Contributes 
to Retinal Leukostasis in Diabetic Retinopathy
Ahmed S. Ibrahim2, 1, Mohamed El-Shafey4, Heba M. Saleh2, 
Khaled Elmasry2, 4, Nader Sheibani3, Amany Tawfik2, Mohamed A.  
Al-Shabrawey2, 5. 1Biochemistry and Clinical Biochemistry, 
Mansoura University, Augusta, GA; 2Oral Biology and Anatomy; 
Vision Discovery Institute, Augusta University, Augusta, GA; 
3Ophthalmology, Univ of Wisconsin-Madison, Madison, WI; 
4Department of Anatomy, Mansoura University, Mansoura, Egypt; 
5Cell Biology and Anatomy, Augusta University, Augusta, GA.
Purpose: Leukocyte-endothelial cell adhesion is an essential step 
for the initiation of retinal inflammatory response prior to clinical 
signs of DR. Our previous studies have established the role of 
12/15-lipoxygenase (LO) in mediating the inflammatory response 
in DR. In the current study we aimed to disscet out the relative 
contribution of retinal endothelial 12/15-LO versus monocytic/
macrophagic 12/15-LO in DR.
Methods: We first generated a clustered heat map for circulating 
bioactive lipid metabolites in the plasma of 6-months  
Streptozotocin-induced diabetic male mice (n=6-8) using liquid 
chromatography coupled with mass-spectrometry (LC-MS) to 
evaluate changes in circulating 12/15-LO activity. This is followed 
by comparing the in vitro mouse endothelium-leukocytes interaction 
between leukocytes isolated from 12/15-LO knockout (KO) versus 
those isolated from wild type (WT) mice using myeloperoxidase 
(MPO) assay. Finally, we examined the effects of knocking down 
or inhibiting endothelial 12/15-LO on diabetes-induced endothelial 
cell activation and ICAM-1 expression, an important molecule for 
leukocyte adhesion in DR (n=4). Two-tailed Student’s t-test was used 
for statistical analysis.
Results: Analysis of plasma bioactive lipids’ heat map revealed 
that the activity of circulating 12/15-LO did not altered during 
diabetes as evident by non-significant changes in plasma levels of 
major metabolites derived from 12/15-lipoxygenation of different 
PUFAs, including linoleic acid (13-HODE), arachidonic acid (12- 
and 15- HETEs), eicosapentaenoic acid (12- and 15- HEPEs), or 
docosahexaenoic acid (17-HDoHE). Moreover, leukocytes from 
12/15-LO KO mice displayed a similar increase in adhesion to high 
glucose (HG)-activated endothelial cells as do leukocytes from 
WT mice. Furthermore, abundant proteins of 12-LO and 15-LO 
were detected in human retinal endothelial cells (HRECs), while 
it was undetected (15-LO) or hardly detectable (12-LO) in human 
monocyte-like cells. Inhibition or knock down of endothelial  
12/15-LO in HRECs significantly (P<0.05) reduced HG-induced 
expression of ICAM-1.
Conclusions: Our data support our hypothesis that that endothelial 
12/15-LO rather than myeloid lineage 12/15-LO is implicated in 
hyperglycemia-induced activation of retinal endothelial cells. This 
may facilitate the development of more precisely targeted treatment 
strategies.

Commercial Relationships: Ahmed S. Ibrahim, None; 
Mohamed El-Shafey, None; Heba M. Saleh, None; 
Khaled Elmasry, None; Nader Sheibani, None; Amany Tawfik, 
None; Mohamed A. Al-Shabrawey, None
Support: National Eye Institute (R01EY023315)
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Pentraxin3 in proliferative diabetic retinopathy
Kazunori Tamaki, Ayumi Usui, Nobuyuki Ebihara. Department of 
ophthalmology, Juntendo University Urayasu Hospital, Urayasu city, 
Japan.
Purpose: Recently, there are many studies suggesting that 
inflammatory cytokines are involved in the pathogenesis of diabetic 
retinopathy. Pentraxin3 (PTX3) is one of the long pentraxins and 
is an acute phase protein that has emerged as a serological marker 
reflecting tissue inflammation/damage. PTX3 is produced mainly by 
vascular endothelial cells, fibroblasts, and resident cells in tissues. 
PTX3 is a soluble pattern recognition receptor that binds with high 
affinity and selectivity to fibroblast growth factor-2 (FGF2), thus 
inhibiting its pro-angiogenic activity. The purpose of this study is 
to investigate the role of PTX3 in the pathogenesis of proliferative 
diabetic retinopathy (PDR).
Methods: This study was performed in accordance with the 
Declaration of Helsinki and the ethics committees of our Hospital. 
Vitreous samples were collected from 19 eyes of 18 patients with 
PDR and 13 eyes of 13 patients with macular hole (MH) as controls. 
The concentrations of PTX3 were determined by enzyme-linked 
immunosorbent assay (ELISA). In human retinal microvascular 
endothelial (HRME) cells, we analyzed PTX3 production in the 
presence or absence of inflammatory cytokines, such as TNF-αand 
IL-1β using ELISA. Wound healing assay was performed on HRME 
cells stimulated with FGF2 as the functional assay of PTX3.
Results: The PTX3 concentrations were significantly higher in 
vitreous fluid samples from PDR patients than in MH patients 
(901.1±421.8 pg/ml versus 280.8±178.4 pg/ml, p<0.05). Production 
of PTX3 was dose-dependently induced by TNF-αand IL-1βin 
HRME cells. PTX3 inhibited HRME cells migration induced by 
FGF2 as assessed by a wound healing assay.
Conclusions: These findings may indicate that PTX3 is involved in 
the pathogenesis of PDR.
Commercial Relationships: Kazunori Tamaki, None; Ayumi Usui, 
None; Nobuyuki Ebihara, None
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Anti-inflammatory cytokine levels in diabetic retinopathy 
patients
Stephanie C. Joachim, Sandra Kuehn, Gesa Stute, 
Nikolaos Tsiampalis, Minh-Khoa Vu, Teresa Tsai, Vinodh Kakkassery, 
Burkhard Dick. Experimental Eye Research Institute, Ruhr-
University Bochum, Bochum, Germany.
Purpose: Diabetic retinopathy, a frequent complication of diabetes, is 
a leading cause of blindness in western countries. Currently,  
anti-VEGF monotherapy is well established and has the best 
treatment success. However, many treatments are necessary and 
about 30% of diabetic retinopathy patients fail to respond. Therefore, 
an additive or alternative therapy is needed as well as greater 
knowledge of the disease. Aim of this study was to identify possible 
cytokine alterations due to diabetic retinopathy (DR).
Methods: Vitreous samples were collected from patients with DR 
(mean age: 73±9) and patients with macular hole or macular pucker 
(control group; mean age: 62±12) during vitrectomy (n=18/group). 
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Patients with current or past anti-VEGF therapy or similar diseases 
like retinal vascular occlusion were excluded from the study. Levels 
of pro-inflammatory, IL-1ß, IL-6 and interferon-γ (INF- γ), and 
pleiotropic cytokines, IL-2, IL-4 and IL-13, were quantified using 
commercially available ELISA kits. Additionally, the level of VEGF 
and VEGF A as well as PGF was measured.
Results: Regarding pro-inflammatory cytokines, a tendency to higher 
expression levels was noted in the DR group (IL-1ß: p=0.12; IL-6: 
p=0.21; INF-γ: p=0.08). A trend towards a IL-4 upregulation was also 
observed in DR samples (p=0.32). IL-2 (p=0.68) and  
IL-13(p=0.22) levels were comparable in both groups. VEGF levels 
were upregulated (p=0.003), also increased levels of VEGF A were 
detected in DR patients (p=0.002). PGF (p=0.04) was upregulated, 
too.
Conclusions: This project aimed to identify possible cytokine 
alterations in vitreous due to diabetic retinopathy. Upregulation 
of INF-γ, VEGF and PGF was seen in DR samples. Especially, all 
analyzed angiogenic factors were increased in DR patients. Further 
identification of cytokine alterations in DR might lead to additive 
treatment options in the future.
Commercial Relationships: Stephanie C. Joachim, None; 
Sandra Kuehn, None; Gesa Stute, None; Nikolaos Tsiampalis, 
None; Minh-Khoa Vu, None; Teresa Tsai, None; 
Vinodh Kakkassery, None; Burkhard Dick, None
Support: Bayer Vital GmbH
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Retinal mitochondria respiration changes precede hyperglycemia 
in the Nile grass rat model of type 2 diabetes
Woo Hyun Han1, Sharee Kuny1, Yves Sauve1, 3, Hélène Lemieux2. 
1Ophthalmology, University of Alberta, Edmonton, AB, Canada; 
2Faculty Saint-Jean, University of Alberta, Edmonton, AB, Canada; 
3Physiology, University of Alberta, Edmonton, AB, Canada.
Purpose: There is increasing evidence linking retinal mitochondria 
defects with diabetic retinopathy. However, a causal role has yet to 
be confirmed. We directly tested whether oxidative phosphorylation 
(OXPHOS) is defective in the retina prior to the development of 
hyperglycemia in type 2 diabetes.
Methods: Male Nile grass rats (Arvicanthis niloticus) were fed 
standard chow, which was associated with hyperinsulinemia at 2 mo, 
followed by hyperglycemia by 6 mo. Controls were fed a high fiber 
low-calorie diet, which prevented hyperglycemia up to 18 mo. The 
functional status of specific mitochondrial electron chain complexes 
and outer membrane integrity were assessed with  
high-resolution respirometry (Oxygraph 2k; OROBOROS) 
using retinas isolated from individual Nile grass rats (n=6-11 per 
group). We used a multiple substrate-inhibitor protocol to detect 
mitochondrial respiration in the presence of substrates feeding 
electrons into complexes I, II, I&II and IV, as well as the integrity 
of the outer mitochondrial membrane. Respirometry parameter data 
were expressed as flux per mass and flux control ratios (FCR). Citrate 
synthase activity was used as a marker of mitochondrial content.
Results: Mitochondrial functional changes were present in 2 mo 
retinas. The addition of exogenous cytochrome c allowed us to 
measure damage to the mitochondrial outer membrane associated 
with leakage of endogenous cytochrome c. Increased membrane 
damage was observed in the 2 mo hyperinsulinemic animals fed 
the standard chow compared to controls. The flux per mass for each 
respiratory complex did not vary between groups, at any time point. 
In order to detect quantitative changes in the OXPHOS system, the 
respiration was then expressed as FCR, normalized for the maximal 
OXPHOS capacity (coupled, with saturating ADP and providing 

electron entries into complexes I&II simultaneously). FCR showed 
an increased contribution of Complex I to the maximal OXPHOS 
capacity in the 2 mo hyperinsulinemic animals compared to the 
controls, which supports a compensatory effect.
Conclusions: Hyperinsulinemia alone (without hyperglycemia) is 
associated with a breach in mitochondrial outer membrane integrity 
and oxidative phosphorylation compensatory changes. These results 
imply that metabolic syndrome might predispose to retinopathy.
Commercial Relationships: Woo Hyun Han; Sharee Kuny, None; 
Yves Sauve, None; Hélène Lemieux, None
Support: Canadian Institute for Health Research (MOP125873)
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Montelukast modulates diabetes-induced inflammation and 
electrophysiological changes in early diabetic retinopathy in the 
mouse
Reena Bapputty1, Ivy S. Samuels2, Ramaprasad Talahalli1, 
Rose A. Gubitosi-Klug1. 1Pediatric Endocrinology, Case Western 
Reserve University, Cleveland, OH; 2Research Service, Louis Stokes 
Cleveland VA Medical Center, Cleveland, OH.
Purpose: Pro-inflammatory leukotrienes and cytokines have been 
implicated as mediators of inflammation in early diabetic retinopathy. 
In the current study we investigated the effect of montelukast, 
a leukotriene receptor antagonist, on 1) gene expression of 
inflammatory cascades in the retina and 2) diabetes-induced defects 
in the electroretinogram.
Methods: Montelukast (5mg/kg body weight) was given to mice 
immediately following the induction of diabetes. Gene expression of 
inflammatory leukotrienes and cytokines in the retina were quantified 
by real-time PCR. Electrical response of the RPE (dc-ERG) and the 
neural retina (a-wave and b-wave) was measured by ERG prior to 
sacrifice at 12-weeks of diabetes duration.
Results: Diabetes induced expression of leukotriene B4 receptors 
BLT1 (p=0.001) and BLT2 (p=0.001), in the retina, compared to 
non-diabetic control mice (ND). Montelukast treatment significantly 
inhibited gene expression of BLT1 (p=0.001) and BLT2 (p=0.001) 
in treated mice, compared to diabetic mice, and the values were 
comparable to non-diabetic mice. Montelukast treatment also 
significantly inhibited diabetes-induced expression of cytokine 
receptor, TNFR1, and intercellular adhesion molecule, ICAM1 in the 
retina in treated mice. Evaluation of the electroretinogram showed 
that diabetes caused significant damage to the physiology of the 
retina compared to ND mice and montelukast treatment improved the 
light-evoked responses of the inner retina (b-wave) and in the RPE 
(dc-ERG c-wave).
Conclusions: Leukotriene receptors BLT1 and BLT2 and TNFR1 
contribute to diabetes-induced early inflammatory process in the 
retina. Montelukast protects the retina from diabetes-induced 
inflammation and improves the retinal function on ERG.
Commercial Relationships: Reena Bapputty, None; 
Ivy S. Samuels, None; Ramaprasad Talahalli, None; 
Rose A. Gubitosi-Klug, None
Support: NEI R01-EY021535 and VA Merit Award I01BX002754
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Program Number: 5220 Poster Board Number: B0107
Presentation Time: 8:30 AM–10:15 AM
Effect of Hyperglycemic and hypoxic stresses on the primary 
cultures of retinal neuron and glial populations: a model system 
to understand the role of glia in diabetic retinopathy
S Shahna1, Lopamudra Giri3, Sarpras Swain3, Jay Chhablani2, 
Rajeev Pappuru2, Mudit Tyagi2, Subhabrata Chakrabarti1, 
Inderjeet Kaur1. 1Kallam Anji Reddy Molecular Genetics Laboratory, 
Prof. Brien Holden Eye Research Centre, LV Prasad Eye Institute, 
Hyderabad, India; 2Smt Kannuri Santhamma Retina Vitreous Centre, 
LV Prasad Eye Institute, Hyderabad, Hyderabad, India; 3Department 
of Chemical engineering, Indian Institute of Technology-Hyderabad, 
Hyderabad, India.
Purpose: Retinal gliosis has been shown to be one of the key features 
in the DR eyes by experimental and immunohistological methods. 
A human cell culture model system mimicking retinal composition 
could help in understanding the initial mechanisms of glial activation 
during disease progression. The aim of present study was to establish 
a mixed primary culture of retinal glia and neurons from the 
cadaveric retina for studying their role under the diabetic conditions.
Methods: Primary cultures of retinal neurons and glia were 
established from human cadaveric retina. The cells from the initial 
passages (P0-P2) were characterized by immunofluorescence and 
semi-quantitative PCR. These cells were subjected to a calculated 
level of hypoxia and hyperglycemia by treating them with CoCl2 
and D- glucose. Live cell imaging was done with Fluo-4 AM Ca2+ 
dye to check the activation of cells under stress. RNA and proteins 
were extracted from the harvested cells after the stress treatment 
and analyzed for the expression of inflammatory and glial markers 
by quantitative PCR. Comparisons of GFAP and Iba -1 protein 
expression (n=60) and Kernel density estimations (n=160) to analyze 
the spike response of Ca2+ were performed in treated versus untreated 
cells.
Results: Different types of retinal neurons and glial cells in the mixed 
retinal culture showed positive expression for the specific markers 
(GFAP, GS, Nestin, Iba-1 and Vimentin). Increased expression of 
angiogenic and neurodegenerative cytokines were observed in treated 
cells compared to untreated by real time PCR. Live cell imaging with 
Flu-4 AM Ca2+dye clearly showed elevated Ca2+signal transduction 
in the treated cells. Kernel density estimation of Ca2+ stained cells 
further showed higher spiking response and augmented network 
activity in the treated culture compared to untreated. Compared to 
untreated cells, 3 and 1.6 fold increase in GFAP protein (n=60) and 
4-fold and 2 -fold increase of Iba-1 expression was noted in cells 
exposed to hypoxia and hyperglycemia respectively.
Conclusions: Hyperactivation of the cultured cells under stress and 
marked changes in the glial markers confirmed the role of glia in DR 
progression. The preliminary findings of this study indicate that the 
proposed culture system can serve as a model for detailed evaluation 
on the role of glia in DR progression.
Commercial Relationships: S Shahna, None; 
Lopamudra Giri, None; Sarpras Swain, None; Jay Chhablani, 
None; Rajeev Pappuru, None; Mudit Tyagi, None; 
Subhabrata Chakrabarti, None; Inderjeet Kaur, None
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The inhibitory effect of substance P on retinal neurodegeneration 
with diabetic rat model
Eung-Suk Kim1, Kiyoung Kim1, Hong Hyun Sook2, Seung-Young Yu1. 
1Ophthalmology, Kyung Univ Medical Center, Seoul, Korea  
(the Republic of); 2Kyung Hee Institute of Regenerative Medicine, 
Kyung Hee University Hospital, Seoul, Korea (the Republic of).

Purpose: To evaluate inhibition effect of retinal neurodegeneration 
change in Type 2 diabetic rats (OLETF) after intravenous Substance 
P (SP) injection
Methods: Retinal nerve fiber layer (RNFL) thicknesses were 
measured manually at 1300 µm from the center of the optic 
nerve head using SD-OCT. 5nmole/kg Substance P was injected 
intravenously twice a week from 27 to 30 weeks. Histologic and 
immunologic cell staining, serum inflammatory cytokines, and bone 
marrow colony forming efficiency were measured at 31 week
Results: At 28 weeks, RNFL thickness was significantly lower in 
OLETF than control group. From 29 weeks (2 weeks after injection) 
RNFL thickness showed significant increase in SP injection group 
maintained by 31 weeks. In histologic analysis, SP injection group 
presented decrease of GFAP staining, cell apoptosis, and serum 
inflammatory cytokines. Whereas, infiltration of inflammatory cells 
and bone marrow colony forming efficiency were higher than control 
group
Conclusions: Substance P injection showed inhibitory effect in 
retinal neurodegeneration as early change of diabetic retinopathy via 
anti-inflammatory effect and enhancements of mesenchymal stem 
cells-mediated immune modulation
Commercial Relationships: Eung-Suk Kim, None; Kiyoung Kim, 
None; Hong Hyun Sook, None; Seung-Young Yu, None

Program Number: 5222 Poster Board Number: B0109
Presentation Time: 8:30 AM–10:15 AM
Expression of S100 proteins in Diabetic Retinopathy
Rayne R. Lim1, 2, Veluchamy A. Barathi3, Rajiv R. Mohan1, 4, 
Arkasubhra Ghosh5, Shyam S. Chaurasia1, 2. 1Veterinary Medicine 
& Surgery, University of Missouri, Columbia, MO; 2Biomedical 
Sciences, College of Veterinary Medicine, Columbia, MO; 
3Translational Pre-Clinical Model Platform, Singapore Eye Research 
Institute, Singapore, Singapore; 4Mason Eye Institute and VMTH, 
University of Missouri, Columbia, MO; 5Molecular Signalling and 
Gene Therapy, Narayana Nethralaya, Bengaluru, India.
Purpose: Diabetic retinopathy (DR) is the leading cause of new cases 
of blindness among working age adults. Inflammatory pathways are 
considered as the major cause of DR pathogenesis. Recent findings 
from our lab showed upregulation of S100A proteins in ocular 
inflammatory diseases. This study aims to characterize the expression 
and localization of S100 proteins in DR mice models.
Methods: Eight-weeks old Ins2Akita (spontaneous dominant mutation 
in the insulin 2 gene), Kimba (huVEGF165 overexpression in 
photoreceptors) and Akimba (double transgenic progeny of Ins2Akita x 
Kimba) mice were chosen to represent the DR phenotypes.  
Age-matched wild type mice with C57BL/6J background were used 
as control. Eyes were enucleated and neural retina was isolated. 
Tissues were homogenized and RNA isolated for global profiling of 
all known S100 proteins by real-time PCR. Protein quantification by 
western blot and ELISA were used to confirm expression profiles. 
Whole eye fixed in 4% PFA, followed by cryopreservation by 
sucrose gradient, was embedded in OCT for immunostaining of S100 
proteins.
Results: Expression of S100A1, A3, A4, A5, A6, A7, A8, A9, A10, 
A11, A13, A14, A16, B, G, and Z were seen in mice retinas. Ins2Akita 
showed moderate increase of most S100 genes, whereas both Kimba 
and Akimba retina showed higher expression levels. S100A8 and 
S100A9 was most significantly elevated in Ins2Akita, Kimba and 
Akimba retina, with the largest increase in the double transgenic 
mouse. This was confirmed by protein expression assays using 
ELISA and western blot. S100A8 and S100A9 proteins were seen to 
be localized in the inner retina, predominantly in the outer plexiform 
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layer (OPL) and ganglion cell layers (GCL). Akimba mice retina 
showed maximal expression compared to Ins2Akita and Kimba mice.
Conclusions: S100 proteins are constitutively present in the mice 
retina. Elevated S100A8 and A9 at gene and protein levels suggest 
their role in the pathogenesis of DR.
Commercial Relationships: Rayne R. Lim, None; 
Veluchamy A. Barathi, None; Rajiv R. Mohan, None; 
Arkasubhra Ghosh, None; Shyam S. Chaurasia, None
Support: Start up grant from University of Missouri, Department of 
Vet Med & Surgery to SSC
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Presentation Time: 8:30 AM–10:15 AM
670 nm Photobiomodulation Modifies NFκB Signaling in an in 
vitro Model of Diabetic Retinopathy
Hannah Fisher1, 2, Gopika Senthikumar3, Janis T. Eells1, 
Elizabeth S. Liedhegner1. 1Biomedical Sciences, University of 
Wisconsin-Milwaukee, Milwaukee, WI; 2Interdisciplinary Ph.D. 
Training Program, Medical College of Wisconsin, Milwaukee, WI; 
3Biomedical Engineering, University of Wisconsin, Madison, WI.
Purpose: Diabetic retinopathy (DR) is the most common 
complication of diabetes mellitus and a leading cause of blindness. 
The pathophysiology of DR is complicated, involving inflammation, 
oxidative stress and vascular degeneration. Diabetes-induced 
oxidative stress leads to activation of nuclear factor κ B (NFκB) 
resulting in excess production of vascular endothelial growth factor 
(VEGF) and intracellular adhesion molecule-1 (ICAM-1), proteins 
involved in vascular development and immune dysregulation. 
Current treatments for diabetic retinopathy antagonize the actions 
of VEGF and reduce vascular growth. These treatments are invasive 
and frequently ineffective. Irradiation with far-red to NIR light 
(photobiomodulation, [PBM]) has been shown to non-invasively 
attenuate oxidative stress and inflammation in many disease states. 
We hypothesize that 670 nm PBM will reduce the activity of NFκB 
and attenuate the production of VEGF and ICAM-1 in an in vitro 
model of DR.
Methods: Experiments were conducted in cultured retinal Müller 
glial cells. Müller glial cells have been shown to play a primary role 
in the progression of DR due to a shift in their physiology from an 
anti-inflammatory to a pro-inflammatory state. Müller cells were 
grown in normal (5 mM) or high (25 mM) glucose conditions to 
simulate normoglycemia and hyperglycemia. Cultures were treated 
with 670 nm light emitting diode (LED) (180 seconds at 25 mW/cm2 
; 4.5 J/cm2) or no light (sham) for 3 or 5 days. NFκB activity, VEGF 
release and ICAM-1 concentrations were measured.
Results: Müller cells grown in high glucose exhibited significant 
increases in NFκB activity (p < 0.001) and ICAM-1 concentrations 
(p < 0.0001), consistent with a pro-inflammatory state. In contrast, 
treatment of cells with 670nm light reduced NFκB gene transcription 
and downstream protein concentration of ICAM-1 to values 
comparable to those measured under normoglycemic conditions.
Conclusions: These data support our hypothesis and suggest that 
activation of NFκB is a key feature of the Müller glial cell response 
to hyperglycemia. They further show that treatment with 670 nm 
LED attenuates the NFκB signaling pathway and has the potential to 
be a valuable therapeutic approach for the treatment of DR.
Commercial Relationships: Hannah Fisher, None; 
Gopika Senthikumar, None; Janis T. Eells, MultiRadiance 
Medical, Inc (C), LumiThera, Inc. (C), LumiThera, Inc (R); 
Elizabeth S. Liedhegner, None
Support: Fight for Sight Summer Student Fellowship (SF 16006) - 
Streilein Foundation for Ocular Immunology
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Hydroxycarboxylic acid receptor 2 (HCAR2/GPR109A) regulates 
CCR7-dependent retinal immunity and tolerance
Folami Powell1, Malita Jones1, Ravirajsinh Jadeja1, 
Menaka Thounaojam2, Manuela Bartoli3, Pamela M. Martin1. 
1Biochemistry and Molecular Biology, Medical College of Georgia at 
Augusta University, Augusta, GA; 2Ophthalmology, Medical College 
of Georgia at Augusta University, Augusta, GA; 3Ophthalmology, 
Medical College of Georgia at Augusta University, Augusta, GA.
Purpose: Chronic, subclinical inflammation is a hallmark of and 
detrimental consequence of diabetic retinopathy (DR). In the 
periphery, inflammatory stimuli upregulate the CCR7/CCL19/
CCL21 signaling axis, promote increased recruitment and retention 
of peripheral blood leukocytes (PBLs) in affected tissues, and in turn 
accelerate the progression of inflammatory diseases. Whether and 
how this impacts endogenous immune cell activation and leukocyte 
recruitment/retention in the diabetic retina is not well understood. 
Here, we investigated the relevance of the anti-inflammatory 
HCAR2/GPR109A receptor in this phenomenon and therefore to 
the regulation and maintenance of retinal immunity and tolerance in 
normal and diabetic conditions.
Methods: Diabetes was induced in 4-wk old wild type C57BL/6J 
control (WT; Hcar2/Gpr109A+/+) and Hcar2/Gpr109A-/- (knockout; 
KO) mice using streptozotocin (STZ; 75 mg/kg). Beginning 
16-weeks post-onset diabetes, the HCAR2/GPR109A cognate ligand 
β-hydroxybutyrate (β-HB) was administered daily (40 mg/mouse, 
i.p.) for 2 weeks. Age- and gender-matched non-diabetic (non-DB) 
WT and KO mice treated with/without β-HB served as controls. 
Peripheral blood was collected and used for hematology analysis. 
Retinal and PBL suspensions were subjected to FACS to differentiate 
leukocyte populations. The expression of CCR7, CCL19 and CCL21 
was also analyzed using specific antibodies. Total RNA was also 
extracted and chemokine targets were analyzed by quantitative PCR 
(qPCR).
Results: Basal levels of CCR7, CCL19 and CCL21 were higher both 
in retinal tissues and in PBL lysates obtained from KO compared 
to WT animals in the absence of diabetes. Additionally, significant 
numbers of pro-inflammatory immune cells were found in KO retinas 
and whole blood. CCR7/CCL19/CCL21 expression and immune 
cell infiltration into retina increased in all groups (WT and KO) in 
association with STZ diabetes. Treatment with β-HB abrogated this 
effect in WT but had little to no effect in KO-DB retinas.
Conclusions: Our study suggests that HCAR2/GPR109A functions 
as an essential regulator of retinal immunity and tolerance in part by 
controlling the CCR7/CCL19/CCL21 axis. Furthermore, agonism of 
HCAR2/GPR109A balances uncontrolled immune cell recruitment 
by blocking this single chemokine–receptor interaction as an ‘entry’ 
signal, and may open the way for promising, future pharmacological 
targeting in DR.
Commercial Relationships: Folami Powell, None; Malita Jones, 
None; Ravirajsinh Jadeja, None; Menaka Thounaojam, None; 
Manuela Bartoli, None; Pamela M. Martin, None
Support: 5R01EY022704
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Role of Adiponectin as a Therapeutic Intervention for Mitigating 
Hyperglycemia-Induced human Retinal Endothelial Dysfunction
Nasser Rizk, Amina Fadel, Redwana Bari, Afifah Sahara, 
Sumbul Bushra. Biomedical Sciences, CHS-Qatar University, Doha, 
Qatar.
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Purpose: Diabetic retinopathy (DR) is a serious complication 
associated with diabetes by increasing the risks of microvasculature 
abnormality, which results from uncontrollable metabolite-induced 
angiogenesis, which leads to vision impairment and eventual 
blindness if not treated. Although low levels of adiponectin are 
associated with microvasculature complications, its role in the 
pathogenesis of diabetic retinopathy remains unclear. This study 
investigated the role of adiponectin exposed to a hyperglycemic 
environment on human microvascular retinal endothelial cells 
(HMRECs) and essentially identifying its potential therapeutic use 
for DR.
Methods: HMRECs cells were exposed to 30mM glucose and 
treated with various concentrations of adiponectin (5 and 30ug/
ml) for 24 hours. The cells were evaluated for cellular events such 
as cell viability, oxidative stress (ROS) and apoptosis by image 
flowcytometry. Nitric oxide was assessed using a dye fort Reactive 
Nitrogen Species (RSN) measurements in HMRECs. The gene 
expression of adiponectin receptors (ADR1 and ADR2), and eNOS 
by real time PCR. The adhesion molecules E-selectin and  
ICAM-1 were evaluated by flowcytometery, and the barrier function 
was measured by real dynamic assay over 90 hours by the impedance 
analysis of Transelectrical resistance measurement using ECIS.
Results: Hyperglycemia HMRECs demonstrated a significant 
increase in apoptosis and ROS production compared to 
normoglycemic HMRECs, which were significantly reduced after 
treatment with 30ug/ml adiponectin treatment. Adiponectin treatment 
in hyperglycemic cells significantly upregulated the AdipoR1 and 
reduced the expression of eNOS. Consistent with eNOS data, the 
(RNS) significantly increased in hyperglycemic cells followed by 
a significant reduction with adiponectin treatment. The E-selectin 
and ICAM-1 levels were significantly elevated in hyperglycemia 
and declined significantly after adiponectin. Lastly, the TRE in 
hyperglycemic cells is decreasing indicating barrier dysfunction but 
improved with adiponectin treatment.
Conclusions: Adiponectin can significantly counteract the effects 
of hyperglycemia at various cellular and molecular levels, thereby 
reducing the impact of hyperglycemia on the pathophysiological 
progression towards DR.
Commercial Relationships: Nasser Rizk, None; Amina Fadel, 
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Impaired Retinoid Visual Cycle in Diabetic Retinopathy
Volha Malechka, Gennadiy P. Moiseyev, Yusuke Takahashi, 
Younghwa Shin, Jian-Xing (Jay) Ma. OUHSC, Oklahoma City, OK.
Purpose: Diabetic retinopathy is a common complication of diabetes 
mellitus. Diabetic patients experience functional deficits in dark 
adaptation, contrast sensitivity and color perception before the 
microvascular pathologies become apparent. The mechanism that 
mediates these visual abnormalities remains unclear. The goal of this 
study was to evaluate early changes in neural retinal function and in 
retinoid metabolism in the eye in diabetic rats.
Methods: The rats were assigned to streptozotocin-induced diabetic 
and non-diabetic control groups. Blood glucose levels and body 
weights were monitored regularly. Retinal function was examined 
by electroretinography (ERG). Expression levels of rod opsin and 
visual cycle proteins such as RPE65, LRAT, STRA6 and IRBP were 

analyzed by Western blotting. The enzymatic activities of RPE65 
and LRAT were assayed using HPLC. The expression level and 
localization of STRA6 in the retinal pigment epithelium (RPE) were 
confirmed by immunohistochemistry. The RBP4 level in rat serum 
was evaluated by ELISA. The measurement of maximal rhodopsin 
content was measured by absorption spectrophotometry. Retinoid 
profile in the eyecup and serum retinoids level were assayed using 
HPLC.
Results: Diabetic animals at 4 months after onset of diabetes showed 
declined scotopic and photopic ERG A and B waves compared 
to age-matched non-diabetic control group. Western blot analysis 
revealed down-regulation of STRA6 and IRBP in diabetic eyes; 
however, it showed no significant differences in rod opsin, LRAT and 
RPE65 protein levels. Immunofluorescent staining of eyecup  
cross-sections from diabetic animals confirmed the down-regulation 
of STRA6 in the RPE. The maximal rhodopsin content was 
significantly decreased in diabetic eyes (795 ± 337 pmole/retina and 
1107.5 ± 291 pmole/retina in diabetic and control group respectively; 
p=0.015). The 11-cis-retinal levels were significantly lower in 
diabetic animals than in non-diabetic control. The serum RBP4 level 
was significantly lower in diabetic rats (39.25 ± 8.79 pg/mL and 58.7 
± 14.5 pg/mL in diabetic and control group, respectively; p=0.01).
Conclusions: Rhodopsin levels are decreased and 11-cis-retinal 
regeneration is impaired in diabetic eyes. Most likely, disturbed 
rhodopsin regeneration is a result of down-regulation of STRA6, 
IRBP and RBP4 and consequently, the relative vitamin A deficiency 
in ocular tissues in diabetes.
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Fenofibrate Attenuates Diabetic Retinopathy by Affecting Nrf2 
Expression and NLRP3 Inflammasome Activation
QIUPING LIU, FENGJUN ZHANG, LI YU, JINGLIN YI, 
JINGMING LI. Ophthalmology, Affiliated Eye Hospital of Nanchang 
University, Nanchang, China.
Purpose: Oxidative stress and neuroinflammation contribute 
significantly to diabetic retinopathy. Fenofibrate has received 
great attention as treatment of diabetic retinopathy. Nuclear factor 
erythroid-2-related factor 2 (Nrf2) is a master regulator of  
anti-oxidative defense. Activation of NLRP3 inflammasome plays 
a pivotal role in neuroinflammation. The purpose of this study is to 
evaluate whether fenofibrate ameliorates retinal oxidative damage 
and neuroinflammation via modulating Nrf2 pathway and blocking 
NLRP3 inflammasome activation during diabetes.
Methods: Diabetes is induced by intraperitoneal injection of 
streptozotocin in C57BL/6J mice. Fenofibrate were given to mice in 
rodent chow. Retinal distribution and expression of Nrf2 and NLRP3 
were determined by immunofluorescence. Expression of Nrf2-target 
genes such as HO-1 and NQO-1 were measured by Q-PCR. Retinal 
oxidative stress were probed with Cellrox, an indicator of reactive 
oxygen species (ROS). Inflammatory gene expression including  
pro-caspase-1, caspase-1 p10, pro-IL-1β and IL-1β p17 were 
examined by western-blot analysis. Retinal leukostasis were 
evaluated by ConA-lectin staining and vascular leakage were 
measured by FITC-dextran permeability assay.
Results: Upregulation of Nrf2 and NRLP3 inflammasome, enhanced 
ROS formation and increased leukostasis and vascular leakage 
were observed in diabetic mouse retinas. Notably, Nrf2 was mainly 
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colocalized with Muller cell marker-GS; however, NLPR3 and 
Caspase-1 was prominently colocalzed with Microglia maker-Iba1. 
Fenofibrate further increased expression of Nrf2 and its target gene 
HO-1 and NQO-1 and reduced ROS formation in diabetic retinas. In 
addition, caspase-1 p10 and IL-1β p17 were dramatically increased 
in diabetic retinas, which were abolished by fenofibrate. Moreover, 
fenofibrate treatment also attenuated diabetes-induced retinal 
leukostasis and vascular leakage in mice.
Conclusions: Fenofibrate attenuates oxidative stress and 
neuroinflammation in diabetic retinas, which is at least partially 
through modulating Nrf2 expression and NLRP3 inflammasome 
activation.
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