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Presentation Time: 8:30 AM–10:15 AM
Diabetes Reduces Phosphorylation in Human Retina of  
αA-crystallin on T148, a Site Regulating its Protective Function 
in Neurons and Glia
Patrice E. Fort1, 2, Anne Ruebsam1, Kevin Schey3, Yang Shan1. 
1Ophthalmology and Visual Sciences, University of Michigan, Ann 
Arbor, MI; 2Molecular and Integrative Physiology, University of 
Michigan, Ann Arbor, MI; 3Biochemistry, Vanderbilt University, 
Nashville, TN.
Purpose: Intrinsic protective mechanisms including those involving 
αA-crystallin play an important role in retinal neuroprotection. We 
previously reported that rodent models of diabetes presented with 
high levels of αA-crystallin and reduced phosphorylation on residue 
148. This study tested the hypothesis that phosphorylation of  
αA-crystallin on T148 is negatively regulated by diabetes in human 
retina and that this phosphorylation site affects αA-crystallin 
protective function.
Methods: Ocular tissues from 8 non-diabetic, 10 diabetic without 
retinopathy and 10 diabetic with retinopathy donors were used in this 
study. One eye was rapidly fixed in formaldehyde to assess regional 
changes by histology and immunohistochemistry. The contralateral 
eye was rapidly dissected to isolate and analyze the expression, 
phosphorylation and subcellular localization of αA-crystallin, Bax 
and other targets in the different regions of the retina using gene 
expression, biochemical, and proteomic-based methods.
Results: αA-crystallin expression was significantly increased in 
peripheral and central retinal regions of donors with diabetes but 
without signs of retinopathy (44 and 84% increase respectively; 
p<0.03). While similar increases were detected in donors with 
diabetic retinopathy, we also found by mass spectrometry that 
phosphorylation of αA-crystallin on T148 was reduced by 83% 
in these donors (n=3; p=0.08). Immunolocalization analysis 
demonstrated expression of αA-crystallin in both neurons and 
glia shown by a strong colocalization with GFAP and glutamine 
synthetase (Müller glia), and Neurofilament-H (ganglion cells). 
Overexpression of the αA-crystallin 148D phosphomimetic mutant 
protects neurons (differentiated R28) and glia (MIOM1) from serum 
deprivation while the non-phosphorylatable 148A mutant does not 
(p<0.01).
Conclusions: Our results strongly support our hypothesis that 
phosphorylation on T148 controls the protective function of  
αA-crystallin. They also show that while αA-crystallin is 
induced in both diabetic donors with and without retinopathy, 
its phosphorylation is highly reduced in those with retinopathy, 
consistent with its necessity for the protective function of αA-
crystallin. The impact of this change is currently being investigated, 
including through RNA-seq examination of human donor tissues with 
and without retinopathy.
Commercial Relationships: Patrice E. Fort; Anne Ruebsam, 
None; Kevin Schey, None; Yang Shan, None
Support: Fight for Sight, Eversight, DiaComp, NIH EY020895 and 
P30 EY007003
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Effect of hypoxia on autophagy in R28 cells under low and high 
glucose conditions
Larissa H. Tang1, Frederic K. Fung1, Amy C. Lo1, 2. 1Department of 
Ophthalmology, The University of Hong Kong, Hong Kong, Hong 
Kong; 2Research Centre of Heart, Brain, Hormone and Healthy 
Aging, The University of Hong Kong, Hong Kong, Hong Kong.
Purpose: Retinal ischemia/reperfusion (I/R) injury occurs in various 
ocular diseases, such as diabetic retinopathy, and is a common cause 
of visual impairment and blindness. There has been increasing 
interest in autophagy as a potential therapeutic target for ocular 
diseases but the role of autophagy in retinal I/R injury remains 
controversial. Our previous in vivo research showed that retinal I/R 
injury (middle cerebral artery occlusion stroke model) resulted in 
autophagy upregulation in the inner retinae of Akita (type I diabetic) 
and wild-type mouse. In this study, we used an in vitro model to 
further investigate the role of autophagy in retinal cells exposed to 
hypoxic conditions under different glucose levels.
Methods: The R28 retinal precursor cell line (R28) was chosen 
for its rat retinal origin and heterogenous nature, which reflects the 
diversity of cell types found in the retina. R28 cells were cultured 
in low glucose DMEM medium with 10% fetal bovine serum and 
pCPT-cyclic AMP to induce cell differentiation into a more neuronal-
like phenotype. To mimic a hyperglycemic state, cells were incubated 
with additional glucose. Hypoxia was chemically induced in both 
low and high glucose-treated cells using cobalt (II) chloride (CoCl2) 
for 24 hours. Cell viability was determined using the MTS assay. 
Autophagy was assessed through the detection of microtubule-
associated light chain protein LC3 (an autophagosome marker) by 
Western blot.
Results: Cells subjected to CoCl2-induced hypoxia had lower cell 
viability as compared with untreated cells (control group). Hypoxia 
resulted in significant autophagic upregulation in both low glucose 
and high glucose-treated cells. LC3 expression was higher in high 
glucose-treated cells as compared with low glucose-treated cells after 
hypoxia induction.
Conclusions: CoCl2-induced hypoxia induces autophagy activation 
in retinal cells. Both our in vivo and in vitro results suggest that 
elevated glucose levels may further exacerbate retina I/R injury-
induced autophagy. Autophagy modulation may represent a potential 
therapeutic strategy for retinal I/R injury related diseases.
Commercial Relationships: Larissa H. Tang, None; 
Frederic K. Fung, None; Amy C. Lo, None
Support: RGC GRF (HKU 773210M); HMRF (Ref: 03142256)
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Corneal nerve fiber morphology and neurodegeneration of the 
retina in diabetic rats
Sean D. Kim1, Phoebe Nguyen1, basma baccouche1, 2, Wei Wei Wang1, 
Jeffrey Sundstrom1, Alistair J. Barber1. 1Ophthalmology, Penn State 
Hershey College of Medicine, Hershey, PA; 2Higher Institute of 
Biotechnology of SidiThabet, Tunis, Tunisia.
Purpose: Diabetes-induced degeneration of the inner retina occurs 
in both animals and humans. Recent clinical evidence suggests that 
corneal nerve fibers may also degenerate in diabetes. The aim of 
this study was to compare retinal cell layer thickness, using spectral 
domain optical coherence tomography (SD-OCT), with corneal nerve 
density, in streptozotocin (STZ)-diabetic rats.
Methods: Long-Evans rats were made diabetic by STZ injection 
(100 mg/kg, i.v., n=6) and compared to age-matched controls 
(n=6). Retinal morphology was measured by SD-OCT (Envisu 
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2210, Bioptigen) 9 weeks later. Rats were sacrificed after 10 weeks 
of diabetes and corneas were dissected, labeled for β-tubulin and 
flat-mounted for confocal microscopy (Leica SP8). Images from 
5 random 116.25 µm2 regions were obtained. Corneal nerve fiber 
density (number/mm2) and corneal nerve fiber length (mm/mm2) were 
measured by image analysis using Neuron J. Statistical comparisons 
were made by two-tailed t-test with p<0.05 considered significant 
(Prism, Graphpad). Degeneration was also confirmed by cell death 
ELISA on one retina from each rat.
Results: There was significantly more cell death in STZ-diabetic 
rat retinas compared to controls (p<0.05). SD-OCT data revealed 
that the inner plexiform and inner nuclear layers were significantly 
thinner in the STZ-diabetic rats compared to controls (p<0.05 and 
p<0.01 respectively), while the outer nuclear and photoreceptor 
layers were significantly thicker (p<0.001 and p<0.05 respectively). 
Morphological analysis of the corneal nerve fibers revealed no 
significant differences between STZ-diabetic and control groups.
Conclusions: Cell death and reduction of the inner plexiform and 
nuclear layers indicate neurodegeneration with a potential loss of 
synaptic connectivity, as established previously. Thickening of the 
outer nuclear and photoreceptor layer is most likely due to fluid 
accumulation caused by increased permeability of the blood retinal 
barrier, or possibly by increased resistance to fluid clearance through 
the pigment epithelium. This study found no significant difference in 
the corneal nerve fiber morphology, suggesting that this degeneration 
cannot be detected in rats after 10 weeks of diabetes. Together our 
data suggest that inner retinal degeneration and outer retinal swelling 
occur in parallel during the first 2-3 months of STZ-diabetes but is 
not accompanied by changes in corneal neuron morphology.
Commercial Relationships: Sean D. Kim, None; Phoebe Nguyen, 
None; basma baccouche, None; Wei Wei Wang, None; 
Jeffrey Sundstrom, None; Alistair J. Barber, None
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Simulating diabetic retinopathy in organotypic retinal explant 
cultures: Comparison of diabetic conditions on early vs. late  
post-natal retina
Francois Paquet-Durand1, Stavros Vagionitis1, Ksenija Martinovic1, 
Joaquin Valdes3, Dragana Trifunovic1, Maria Miranda2, 
Oliver Schmachtenberg3. 1Institute for Ophthalmic Research, 
University of Tuebingen, Tuebingen, Germany; 2Universidad CEU 
Cardenal Herrera, Valencia, Spain; 3Universidad de Valparaiso, 
Valparaiso, Chile.
Purpose: Diabetic retinopathy (DR) is one of the leading causes 
of vision impairment worldwide. Unfortunately, DR research is 
hindered by a lack of disease models that faithfully reproduce the 
retinal phenotype of diabetes, in particular for type 2 diabetes. 
Previously, we have shown that a number of aspects of DR can be 
faithfully reproduced in early (P5) post-natal organotypic retinal 
explant cultures (Valdés et al., ALTEX 33:459-464, 2016). However, 
since the retina is not fully developed at this stage, it remains 
unclear whether the deleterious effects of diabetes-like conditions 
on the early postnatal retina are representative of mature retinal 
pathophysiology.
Methods: Mouse retinas were explanted at P14 (around eye opening) 
and treated from P16 to different with different experimental 
conditions (i.e. no-insulin, high-glucose, no-insulin + high-glucose, 
2-deoxyglucose; 2-DG) to simulate type 1 and 2 diabetic conditions. 
The treatment effects were assessed on histological preparations 
using photoreceptor row counts, TUNEL assay for cell death 
detection, and immunostaining for cone arrestin.

Results: In the no-insulin, high-glucose, and no-insulin + high-
glucose treatment paradigms the photoreceptor row counts, 
numbers of TUNEL, and cone arrestin-positive cells did not change 
significantly when compared to control. However, the 2-DG 
treatment significantly increased the numbers of dying TUNEL-
positive cells in the outer nuclear layer (ONL; control: 1.22% ± 0.3 
STD; 2-DG: 13.76% ± 0.8, p<0.001) and reduced the number of 
arrestin-positive cones per 100 µM of retinal circumference (control: 
4.7 ± 0.7; 2-DG: 0.4 ± 0.3, p<0.001). Yet, the overall photoreceptor 
row count was not significantly altered (control: 8.0 ± 0.6; 2-DG: 8.1 
± 0.4).
Conclusions: Compared to the early post-natal retina, older retinas 
responded less strongly to simulated diabetic conditions, yet, 
cone photoreceptors were highly vulnerable to type I diabetes-like 
conditions caused by 2-DG treatment. Taken together, we have 
further validated and extended an in vitro model of DR which may 
prove useful for studies into the etiopathology of DR and for  
DR-related drug screening.
Commercial Relationships: Francois Paquet-Durand, 
None; Stavros Vagionitis, None; Ksenija Martinovic, 
None; Joaquin Valdes, None; Dragana Trifunovic, None; 
Maria Miranda, None; Oliver Schmachtenberg, None
Support: FONDECYT (1120513), the Millennium Institute 
CINV (ICM P99-037-F), the Kerstan Foundation, the Deutsche 
Forschungsgemeinschaft (DFG PA1751/7- 1), the Alcon 
Research Institute, the European Commission [DRUGSFORD: 
HEALTH-F2-2012-304963], Fundación Gangoiti Barrera.
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Upregulation of activated Müller cell marker independent of 
local ischemia in diabetic retinopathy
Marina V. Yasvoina1, Almas Dawood1, Michael B. Powner2, 
Marcus Fruttiger1. 1UCL Institute of Ophthalmology, London, United 
Kingdom; 2City, University of London, London, United Kingdom.
Purpose: Microvascular abnormalities and non-perfusion underlie 
deterioration of the retina and progressive loss of vision in diabetic 
retinopathy (DR). However, ischemia is usually not panretinal, but 
rather affects clearly localised regions. How well non-perfused and 
perfused retinal regions correlate with neural changes in DR within 
the same eye has not been well studied. Here, we present a case study 
describing the spatial relationship between vascular degeneration and 
neuronal/glial changes in a post-mortem retina with DR.
Methods: Post-mortem donor tissue was obtained through the 
Moorfields Eye Bank. The donor age ranged between 39 and 80 years 
(mean age 58 years). A total of 6 eyes from patients diagnosed with 
diabetes were histologically assessed for evidence of vessel damage 
by staining retinal blood vessels with UEA agglutinin in retinal 
wholemounts. One eye was found with apparent proliferative DR 
(evidence of laser scars) and regions of severe vascular dropout. This 
specimen was further studied and compared to a healthy eye and a 
diabetic case with no vascular pathology. The specimen was paraffin 
embedded and serially sectioned. The distribution of blood vessels 
within sections was then used to establish the exact position within 
the wholemount. Further sections were immunostained with a panel 
of antibodies for neural, glial and vascular proteins (Crystallin alpha 
A, Collagen IV, CRALBP, GFAP, Glutamine Synthetase, MAP2, 
Opsin, Rhodopsin, Vimentin).
Results: As expected, a localised region with loss of blood vessels 
showed severe hypotrophy due to a complete loss of inner retinal 
cells. However, photoreceptors were also reduced in this region. 
Interestingly, Crystallin alpha A was markedly upregulated compared 
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to controls throughout the retina, independent of localised vascular 
loss.
Conclusions: In this case of DR, our detailed histopathological 
analysis identified evidence of reactive Müller cells (Crystallin alpha 
A upregulation) throughout the retina, demonstrating that neural 
changes can occur in the diabetic retina independent of blood vessels 
loss. Further DR specimens will have to be studied to confirm this 
and to establish effects on neurons in more detail. Understanding 
early pathological changes in DR, will provide insight into disease 
mechanisms and may also reveal therapeutic targets.
Commercial Relationships: Marina V. Yasvoina; Almas Dawood, 
None; Michael B. Powner, None; Marcus Fruttiger, None
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Newly Designed Culture System to Study Effects of 
Hyperglycemia on the Cross-Talk between Müller and Retinal 
Endothelial Cells
Susanne Mohr, Brandon Coughlin. Department of Physiology, 
Michigan State University, East Lansing, MI.
Purpose: Considering the increasing numbers of diabetic patients 
there is a dire need to find new therapeutic strategies to effectively 
treat or even better cure diabetic retinopathy. However, therapies 
developed using rodent models rarely translate into successful 
treatments for patients with diabetic retinopathy. Therefore, the goal 
of this study was to establish a physiologically relevant flow based 
culture system using human retinal cells that will allow to identify 
effects of hyperglycemia on human retinal cell cross-talk and to test 
potential new therapies.
Methods: The cell culture system consisting of a pump and a 
cartridge fits in a regular incubator (370C/5% CO2). The cartridge 
consists of a network of hollow fiber artificial capillaries surrounded 
by an extracellular compartment (ECS). The fibers (0.5µm pores) 
allow for exchange of proteins between inside of the capillary (LS) 
and the outside (ECS). Human retinal Müller (hMC) and endothelial 
cells (HREC) were isolated from donors with no history of diabetes 
and inflammatory diseases. HREC cells (10ml of 3x106 cells/ml 
HREC suspension) were injected into the LS. hMCs (3x106 cells) 
from the same donor were added to the ECS. The cartridges were 
allowed to settle in for 4 weeks. Formation of cells layers was 
confirmed using electron microscopy (EM). Effects of hyperglycemia 
and VEGF on permeability were assessed using trypan blue and 
expressed as mean area under the curve (AUC) ± SDEV.
Results: Under normal (5mmol/l) glucose condition, HREC formed 
a monolayer within the capillary fiber as determined by EM. HREC 
also formed a tight barrier. Following VEGF (2ng/ml) injection into 
the LS, permeability significantly increased (9.47AUC compared 
to 2.5AUC). Interestingly, hyperglycemia (25mmol/l) itself had no 
effect on permeability (2.3±0.3AUC vs 2.46±0.4AUC). For  
co-culture, attachment of hMCs on outside of the fiber was confirmed 
by EM. Hyperglycemia caused significant and irreversible barrier 
break down at 4-6 months (2.13AUC vs 4.87AUC) but not an acute 
breakdown.
Conclusions: We have established a flow based culture system 
that seems to mimic physiological relevant cross-talk and 
microenvironment between human retinal Müller and endothelial 
cells. This system can be used to identify and test new therapies in 
order to develop more efficient treatments for diabetic patients.
Commercial Relationships: Susanne Mohr, None; 
Brandon Coughlin, None
Support: NH grant EY-017206 and EY-007739
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Diabetes induced neurodegeneration in the retina and the brain 
of mice are associated and independent of microvasculopathy
Chunhua Jiao1, Michael D. Abramoff1, 5, Kyungmoo Lee5, Ipek Oguz1, 
Peter Adamson4, Adam Hedberg-Buenz2, 3, Michael G. Anderson1, 3, 
Elliott Sohn1. 1Department of Ophthalmology, Stephen A. Wynn 
Institute For Vision Research, Iowa City, IA; 2Department of Veterans 
Affairs, Iowa City, IA; 3Department of Molecular Physiology and 
Biophysics, University of Iowa, Iowa City, IA; 4UCL Institute 
of Ophthalmology, London EC1V 9EL, United Kingdom; 5Iowa 
Institute for Biomedical Imaging, IA, IA.
Purpose: Diabetes causes structural changes in the brain, primarily in 
the cortex, thalamus and caudate and putamen, and these have been 
ascribed to microvascular changes and ischemia. As we have recently 
discovered that in the retina, neuroretinal degeneration precedes any 
form of microvascular damage, we sought to determine whether this 
retinal neurodegeneration, associated with DM is associated with 
neural loss in the brain. Performing this study on Lp-PLA2 knockout 
and control mice allowed us to determine an effect of Lp-PLA2 
inhibition on DM-induced neurodegeneration in the retina and brain, 
as well as an effect on microvasculopathy in the retina.
Methods: Male Lp-PLA2

-/- (n=30) and Lp-PLA2
+/+ (n=30) mice at 

12 weeks of age received streptozotocin to induce hyperglycemia. 
At baseline, 12 and 24 weeks after DM was confirmed, mice 
underwent OCT imaging, MRI and immunohistologic analysis. 
Whole mount retinas were used for quantification of pericyte density, 
acellular capillaries, and ganglion density. NFL/GCL thickness were 
automatically segmented using our Iowa Reference Algorithms. 
T-2 MRI scans (Varian 4.7T) were automatically segmented using 
our fully automated and validated brain segmentation algorithm to 
quantify total brain, hippocampus and caudate and putamen volume. 
Statistical analysis was performed in R and GraphPad prism 7.
Results: DM LpPLA2-/- (n=11) had significantly greater pericyte 
density (*p=0.012), and decrease in acellular capillaries (*p=0.035) 
compared to DM LpPLA2+/+ control (n=9) at 24 weeks but not at 12 
weeks after induction of DM. There was no difference in the number 
of total cells or ganglion cells at week 12 and 24 post-induction of 
DM. NFL/GCL complex and brian volume were not significantly 
different between Lp-PLA2-/- and Lp-PLA2+/+ mice at baseline, 
weeks 12 and 24. Correlation coefficient (r) was significant between 
retinal NFL/GCL thickness and total brain volume at 0.32 (95% CI, 
0.06 – 0.54), also for specific brain structures: hippocampus with r 
= 0.37 (95% CI, 0.11 – 0.58) and caudate and putamen with r=0.36 
(95% CI, 0.10 – 0.57).
Conclusions: LpPLA2 -/- may be protected against DM-
induced retinal vascular loss. No protective effect on retinal 
neurodegeneration or cerebral neurodegeneration was found in DM 
Lp-PLA2-/- mice. There may be an association between diabetes 
induced retinal neurodegeneration and cerebral neurodegeneration.
Commercial Relationships: Chunhua Jiao, None; 
Michael D. Abramoff, University of Iowa (P), IDx LLC (I), 
IDx LLC (C); Kyungmoo Lee, None; Ipek Oguz, None; 
Peter Adamson, GlaxoSmithKline Pharmaceutical company (E); 
Adam Hedberg-Buenz, None; Michael G. Anderson, None; 
Elliott Sohn, None
Support: NIH/NEI R01 EY019112, R01 EY018853, VA 
1I01RX001481, GlaxoSmithKline Pharmaceutical Company
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Muller Cell-derived Paraoxonase 2 Reverses Vascular 
Dysfunction in Diabetic Retinopathy
JINGMING LI1, 2, GUO CHEN2, FENGJUN ZHANG2, 
GUOLONG DING1, QIUPING LIU2. 1Ophthalmology, First Affiliated 
Hospital of Xi’an Jiaotong University, Xian, China; 2Ophthalmology, 
Affiliated Eye Hospital of Nanchang University, Nanchang, China.
Purpose: Oxidative stress through excessive generation of reactive 
oxygen species (ROS) is involved vascular leakage and degeneration 
in diabetic retinopathy (DR). Paraoxonase 2 (Pon2) plays a critical 
role in anti-oxidative defense. However, nothing is known about its 
role in retinas. The aim of this study is to elucidate Pon2’s function in 
regulating of retinal oxidative stress and vascular damage during DR.
Methods: A mouse model of diabetes was set up by intraperitoneal 
injection of streptozotocin. Retinal expression of Pon2 were 
determined by immunofluorescence. Induction of Pon2 in mouse 
retinas was achieved by intravitreal injection of AAV-PON2 or by 
feeding with Niacin. Retinal ROS generation, expression of vascular 
endothelial growth factor (VEGF), leukostasis, vascular leakage 
and formation of acellular capillaries were determined in by cellrox 
staining, western-blot analysis, Con A-lectin perfusion and trypsin 
digestion, respectively.
Results: Retinal expression of Pon2 were increased in retinas of 
diabetic mice, which was mainly expressed by Muller cells. Retinal 
ROS generation and VEGF expression were significantly increased 
in diabetic mice, together with enhanced leukocytes adhesion to 
retinal vasculature, exacerbated vascular leakage and prominent 
acellular capillaries. Upregulation of AAV-PON2 markedly inhibited 
diabetes-induced retinal ROS generation and VEGF expression. 
In parallel, retinal leukostasis, vascular leakage and amount of 
acellular capillaries were dramatically reduced in diabetic mice with 
overexpression of Pon2.
Conclusions: Taken together, our data indicate that Pon2 plays 
a pivotal role in anti-oxidative defense in DR. Induction of Pon2 
could be a potential therapeutic strategy of diabetic microvascular 
complications.
Commercial Relationships: JINGMING LI, None; GUO CHEN, 
None; FENGJUN ZHANG, None; GUOLONG DING, None; 
QIUPING LIU, None
Support: National Natural Science Foundation of China (81300786, 
81460163, 81400427); Specialized Research Fund for the Doctoral 
Program of Higher Education (20133601120012); Young Talent 
Research Scholar Program of Shaanxi Province (2016KJXX-12); 
Basic Scientific Research Grant of Xi’an Jiaotong University 
(1191320094); Research Grants from Jiangxi Provincial Department 
of Science and Technology (20142BAB215029, 20132BAB205024, 
20142BDH80005); Research Grants from Education Department of 
Jiangxi Province (GJJ14094, GJJ13175).
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A selective PPARα modulator has preventive effects in murine 
models of retinopathy
Yohei Tomita2, 1, Yukihiro Miwa2, 1, Maki Miyauchi2, 1, Ayako Ishida2, 1, 
Hiromitsu Kunimi2, 1, Yusaku Katada2, 1, Kazuo Tsubota2, 
Toshihide Kurihara2, 1. 1Laboratory of Photobiology, Keio University 
School of Medicine, Tokyo, Japan; 2Ophthalmology, Keio University 
School of Medicine, Tokyo, Japan.
Purpose: Large-scale clinical trials such as FIELD and ACCORD 
have shown that administration of fenofibrate, a peroxisome 
proliferator-activated receptor alpha (PPARα) agonist, suppresses 
the progression of diabetic retinopathy. In this study, we examine 

therapeutic effects of K877 (pemafibrate), a novel selective PPARα 
modulator, against pathogenesis in the retina utilizing murine models 
of retinopathy.
Methods: Oxygen-induced retinopathy (OIR) was induced in 
C57BL/6J mice by exposure to 85% oxygen from postnatal day 8 
(P8) for 72 hours. Pemafibrate (P group), fenofibrate (F group) and 
vehicle (V group) were subcutaneously injected from P12 to P16 
daily. At P17, Vaso-obliteration and neovascular tufts formation were 
evaluated on the wholemount retinae with isolectin B4 staining. 
Streptozotocin (STZ)-induced diabetic mouse model were also 
examined. Mice were fed chow containing pemafibrate (p group), 
fenofibrate (f group) or vehicle (v group) for three months after the 
high glycaemia induction. Non-diabetic mice with  
vehicle-contained chow were also prepared (NDM group). For 
the STZ model, the thickness of the retinal inner layer using 
optical coherence tomography (OCT) and visual function using 
electroretinogram (ERG) were evaluated.
Results: In the OIR model, Neovascular tufts were significantly 
decreased in the P group compared to the V group (P=0.02), while 
there were no significant differences in the F group in comparison 
with V group. There were no significant differences in  
vaso-obliteratoin with each group. In the STZ model, ganglion 
cell complex evaluated by OCT was significantly thinner in the p, 
f and v group compared to NDM group (P<0.01), whereas there 
were no significant differences between other groups. The scotopic 
mixed flash ERG showed that the amplitude of the b-wave and the 
oscillatory potentials wave were significantly higher in the p group 
than in the v group (P<0.02, respectively)
Conclusions: Pemafibrate may have therapeutic effects to prevent 
pathological neovascularization and neurodegeneration in retinal 
diseases such as diabetic retinopathy.
Commercial Relationships: Yohei Tomita; Yukihiro Miwa, 
None; Maki Miyauchi, None; Ayako Ishida, KOWA (R); 
Hiromitsu Kunimi, None; Yusaku Katada, None; Kazuo Tsubota, 
KOWA (F); Toshihide Kurihara, KOWA (F)

Program Number: 5198 Poster Board Number: B0085
Presentation Time: 8:30 AM–10:15 AM
Spermine Oxidase: a novel mediator of diabetes-induced retinal 
neurodegeneration
S. Priya Narayanan1, 3, Alan Saul1, 2, Zhimin Xu1, 
Prahalathan Pichavaram1, 3. 1Vision Discovery Institute, Augusta 
University, Augusta, GA; 2Department of Ophthalmology, Augusta 
University, Augusta, GA; 3College of Allied Health Sciences, Augusta 
University, Augusta, GA.
Purpose: Deregulation of the polyamine metabolic pathway has been 
implicated in various neurodegenerative diseases. Studies from our 
laboratory have demonstrated that polyamine oxidation is involved in 
neuronal and vascular damage in retina (Narayanan et al 2014; Patel 
et al 2016). The impact of polyamine oxidation and its contribution 
to retinal neuronal damage induced by diabetes is not yet studied. 
The current study was undertaken to investigate the role of spermine 
oxidase (SMO, a polyamine oxidase) in mediating neuronal damage 
and dysfunction in diabetic retina.
Methods: Eight weeks old C57BL6 male mice were made diabetic 
by streptozotocin injection (STZ, 65 mg/kg, pH 4.5, i.p.) and 
compared to age-matched controls (CNT). Following the onset of 
diabetes animals were treated with either vehicle or SMO inhibitor, 
MDL 72527 (20 mg/kg of body weight, in saline, i.p., 3 times/
week). Retinal function was analyzed by electroretinography. Retinal 
cryostat sections were used for immunofluorescence studies and fresh 
frozen retinas for Western blot analysis.
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Results: A marked increase in SMO expression was observed in 
diabetic retinas at 4 weeks after the onset of diabetes. Acrolein 
(a byproduct of polyamine oxidation and potent mediator of 
oxidative stress) was also markedly increased in the diabetic retinas 
compared to the controls. Treatment with MDL 72527 greatly 
reduced this effect. Analysis of inner retinal function using dark-
adapted electroretinography showed that the positive scotopic 
threshold responses (pSTRs, measured at 110 ms and 200 ms), 
were significantly reduced (p<0.001, N=4-7) in the diabetic (4 
weeks) mice. The pSTR amplitudes were greatly improved in the 
MDL-treated diabetic group (p<0.001, N=4-7). The amplitude at 
110 ms was dominated by the b-wave at higher intensities, and was 
significantly stronger in the MDL72527-treated than in the untreated 
diabetic mice. These data demonstrate a partial rescue of inner 
retinal function in the diabetic retina by SMO inhibition. Studies on 
the impact of SMO inhibition on neuronal survival are currently in 
progress.
Conclusions: Our results show a specific role for spermine 
oxidase (SMO) in mediating neuronal injury in the diabetic retina, 
and demonstrate its potential as a therapeutic target for diabetic 
retinopathy treatment.
Commercial Relationships: S. Priya Narayanan, None; Alan Saul, 
None; Zhimin Xu, None; Prahalathan Pichavaram, None
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Modulation of Spermine Oxidation in Müller Glial Cells under 
Hypoxic Condition
Di Wu1, 2, Kousuke Noda1, 2, Miyuki Murata1, 2, Ye Liu1, 2, 
Atsuhiro Kanda1, 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: Spermine is one of the naturally occurring polyamines 
and its oxidation catalyzed by spermine oxidase (SMOX) results in 
the generation of hydrogen peroxide (H2O2), 3-aminopropanal and 
spermidine. Previously, it was reported that vitreous level of spermine 
is approximately 15-times higher in patients with proliferative 
diabetic retinopathy (PDR) than those without diabetes, and an 
important role of oxidative stress caused by reactive oxygen species 
such as H2O2 in diabetic retinopathy (DR) has been well studied. The 
purpose of this study was to determine whether hypoxia modulates 
spermine oxidation by SMOX and increases the generation of its 
reaction product, H2O2, in Müller glial cells.
Methods: Rat Müller glial cells (TR-MUL5) were cultured under 
hypoxic (1% O2) or normoxic (20% O2) conditions for 6 h and 24 h. 
Expression levels of polyamine catabolic enzymes including Smox, 
spermidine/spermine N1-acetyltransferase (Ssat) and  
N1-acetylpolyamine oxidase (Apao), were quantified by real-time 
PCR. Protein level of Smox was measured by enzyme-linked 
immunosorbent assay. Generation of H2O2 in TR-MUL5 cells treated 
with spermine and/or MDL72527 (SMOX inhibitor) was evaluated 
using H2O2 detection kit.
Results: The mRNA expression level of Smox was significantly 
upregulated at 6h (2.3-fold, p<0.01) and 24h (1.5-fold, p<0.05) 
under hypoxic condition, whereas the expression of Ssat and Apao 
remained unchanged. Hypoxia increased Smox protein level by 
1.5-fold (p<0.05) compared with normoxia control. Furthermore, 
H2O2 concentration increased by 1.7-fold (p<0.01) in TR-MUL5 cells 
treated with spermine under hypoxic condition, and the increase was 
significantly inhibited by MDL72527.

Conclusions: The current data indicate that hypoxia induces 
spermine oxidation and increases H2O2 generation in Müller glial 
cells under hypoxic condition.
Commercial Relationships: Di Wu, None; Kousuke Noda, None; 
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Alpha-1-Anti-Trypsin increased Na+/K+-ATPase expression in an 
in vitro Müller cells diabetic retinopathy model
MARÍA CONSTANZA POTILINSKI, Gustavo Ortiz, Juan E. Gallo. 
IIMT, Universidad Austral, Pilar, Argentina.
Purpose: The ophthalmic therapy for diabetic retinopathy is focused 
on severe stages of the disease. Previous results obtained in our group 
show that Alpha-1-Anti-Trypsin (A1AT) acts like an  
anti-inflammatory agent that could play a role on diabetic retinopathy 
treatment. It is important to evaluate A1AT impact on cellular 
components that are essential to retina function like Na+/K+-ATPase 
(NKA). This protein is responsible of Na+ and K+ gradients in cells 
and it is involved in synaptic activity and action potentials in this 
tissue. It is known that NKA activity and expression is diminished in 
diabetic retinopathy. A1AT may stimulate NKA expression through 
different cellular mechanisms. For this reason we aimed at evaluating 
NKA with A1AT treatment in an in vitro diabetic retinopathy cell 
model.
Methods: Eight mouse retinas were obtained from freshly 
enucleated eyes incubated with collagenase I and Trypsin. Retinas 
were desegregated and incubated with DMEM for 5 days to allow 
the enrichment of Müller cells population. Müller cells obtained, 
were incubated 24h with DMEM 30mM glucose (Control), DMEM 
30mM glucose + 4.5mg/ml A1AT (Control + A1AT), DMEM 
100mM glucose (Diabetic), DMEM 100mM glucose + 4.5mg/ml 
A1AT (Diabetic + A1AT). Cells were harvested with RIPA buffer 
for Western Blot Assay or Fixed for Immunohistochemistry. Western 
blot and Immunohistochemistry were performed with using specific 
primary antibodies for total α-Na+/K+-ATP-ase (H-300, Santa Cruz 
Biotechnology, California, USA).
Results: Alpha subunit of Na+/K+-ATPase expression was increased 
in A1AT treated cells.
Conclusions: Results support the hypothesis that A1AT promotes 
Na+/K+-ATPase expression. This is a novel aspect about NKA 
expression modulation. Although molecular mechanisms involved 
remained unknown, A1AT might play a new role in diabetic 
retinopathy treatment.
Commercial Relationships: MARÍA 
CONSTANZA POTILINSKI, None; Gustavo Ortiz, None; 
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Alpha-1-antitrypsin ameliorates features of oxidative stress and 
structural retinal damage in diabetic mice
Gustavo Ortiz, MARÍA CONSTANZA POTILINSKI, Juan P. Salica, 
Juan E. Gallo. Universidad Austral, Buenos Aires, Argentina.
Purpose: Oxidative stress has been implicated in the etiology of 
several diseases and in aging, including the pathogenesis of diabetic 
retinopathy (DR). Indeed nitric oxide (NO) was found higher in 
patients with proliferative DR. It is known that Muller cells (MC) are 
responsible for the secretion of several molecules that are involved 
in the regulation of retinal homeostasis and play key role in the 
interaction between endothelium and neural retina. The aim of our 
work was to evaluate the levels of 2,7-dichlorofluorescein (DCFC) 
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on supernatant of MC and human microvascular endothelial cells 
(Hmec-1) exposed to hyperglycemia. Besides, we evaluated the 
retinal thickness and the loss of ganglion cells (GC) in c57BL6J mice 
with 8 weeks of diabetes treated with hAAT.
Methods: MC were obtained from retinas of c57BL6J mice. Isolated 
cells were used in immunofluorescence for CRALBP, GFAP and 
Vimentin markers. Cells were growth in standard conditions and were 
exposed to different concentration of hAAT for 16hs. Intracellular 
oxidants were detected by flow cytometry after incubating with 5 µm 
2,7-dichlorodihydrofluorescein (DCFH) 45 min.
Mice c57BL6J of 8 weeks old were injected with 2 doses of 100mg/
kg of streptozotocin spaced 48 hours. Blood glucose test was 
performed and levels of 200 mg/dl or higher were considered diabetic 
(DBT). Animals were injected weekly, with a single dose of 60mg/
kg of hAAT. Cells of the ganglion cell layer (GCL) were quantified 
by counting cells in the middle part of the retina and thickness 
measurements of the entire retina were taken.
Results: The oxidation of DCFH originates DCFC, a fluorescent 
compound in presence of H2O2 and other ROS, such as HO. and 
ROO. DCFH fluorescence contributed by ROS generation in MC 
exposed to high glucose is notably decreased by hAAT. GC count 
was significantly lower in untreated DBT animals while DBT animals 
treated with hAAT had results close to control values. In turn the 
retinal thickness was also decreased in DBT animals treated but 
without treatment. Furthermore, a decrease in mRNA levels of iNOS 
was found in DBT mice treated with hAAT as well as an increased in 
mRNA levels of Arg1.
Conclusions: A better understanding on how the oxidative stress 
induced by chronic hyperglycemia occurs in DR is necessary. The use 
of hAAT as an anti-oxidative stress molecule in early DR could be a 
promising approach for this potentially blinding disease.
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High glucose induces mitochondrial dysfunction and mitophagy 
in retinal Müller cells: Role of TXNIP
Lalit P. Singh1, Takhellambam S. Devi2, Mallika Somayajulu3. 
1Anatomy/Cell Biology and Ophthalmology, Wayne State University, 
Detroit, MI; 2Anatomy and Cell Biology, Wayne State University, 
Detroit, MI; 3Center for Molecular Medicine and Genetics, Wayne 
State University, Detroit, MI.
Purpose: Thioredoxin-interacting protein (TXNIP) is involved in 
oxidative stress and apoptosis in diabetic retinopathy (DR). However, 
the role of TXNIP in the removal of damaged mitochondria (MT) via 
mitophagy, a process of macroautophagy, remains unexplored. Here, 
we investigate the associated cellular and molecular mechanisms 
underlying mitophagy in retinal cells under sustained hyperglycemia.
Methods: We maintained a rat Müller cell line (rMC1) under high 
glucose (25 mM, HG) or low glucose (5.5 mM, LG) condition for 
5 days. MitoSox and JC1 assays were used to detect mitochondrial 
ROS and membrane depolarization, respectively. QPCR and 
western blotting measured mRNA and protein levels while confocal 
microscopy (immunofluorescence analysis) determined protein  
co-localization in mitochondria. Unpaired two-tailed t-test or one-
way ANOVA and Bonferroni post-hoc test determine differences 
among means+/-sem in multiple sets of experiments. A p-value of 
<0.05 was considered to be statistically significant.
Results: HG upregulates TXNIP in the cytosol as well as in 
mitochondria. Moreover, mitochondrial ROS stress and membrane 
depolarization occur under prolonged hyperglycemia leading 

to fragmentation. These damaged MT are targeted to lysosome 
for mitophagic degradation as is evident by co-localization of 
mitochondrial protein COXIV with autophagosome marker LC3BII 
and the lysosomal membrane protein LAMP2A. In addition, under 
HG there is accumulation of dynamin-related fission protein Drp1 
and E3 ubiquitin ligase Parkin in damaged MT suggesting their roles 
in mitochondrial fragmentation and ubiquitination, respectively, 
which is absent in LG. Subsequently, ubiquitin receptors, optineurin 
(OPTN) and p62/sequestrome 1, bind to the damaged MT and target 
them to LC3BII autophagosomes, which then fuse with lysosomes 
via LAMP2A for degradation. Conversely, TXNIP knockout 
via CRISPR/Cas9 and TXNIP gRNA prevents the HG-induced 
mitochondrial damage and mitophagy in rMC1.
Conclusions: TXNIP plays an important role in mitophagy induction 
in Müller glia under diabetic conditions. We proposed that TXNIP is 
a potential target for preventing ocular complications of diabetes.

Figure 1. TXNIP regulates mitophagy in retinal Müller cells under 
sustained hyperglycemia.
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TLR4 plays an important role in regulating ZO-1 and occludin 
levels, as well as retinal damage following ischemia-reperfusion 
injury
Li Liu1, Youde Jiang1, Elizabeth Curtiss1, Jena J. Steinle1, 2. 
1Anatomy and Cell Biology, Wayne State University, Detroit, MI; 
2Ophthalmology, Wayne State University, Detroit, MI.
Purpose: Recent work has suggested that diabetic retinopathy has 
a strong inflammatory component. Our group reported that a novel 
b-adrenergic receptor agonist, Compound 49b, reduced toll-like 
receptor 4 (TLR4) signaling in the diabetic retina and in retinal 
endothelial cells. In this study, we wanted to investigate whether 
TLR4 levels regulate endothelial cell permeability, including zonula 
occluden 1 (ZO-1) and occludin levels, as well as, if TLR4 plays an 
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important role in ischemia-reperfusion (I/R)-induced retinal vascular 
damage and neuronal loss.
Methods: TLR4 floxed mice (B6 Cg-Tlr4tm1.1karp/J) and B6. 
FVB-Tg (cdh5-cre)7Mlia/J Cre mice purchased from Jackson lab 
were cross bred to produce endothelial cell specific TLR4 conditional 
knockout mice. TLR4 overexpressing mice were acquired from Dr. 
Fukuchi. TLR4 knockout and overexpression mice were selected by 
genotyping and kept for 3 months prior the experiments. Some mice 
from each group were used for Western blotting for TLR4, ZO-1, and 
occludin. Additionally, additional knockout and overexpressing mice 
were subjected to ischemia-reperfusion (I/R) followed by neuronal 
analyses at 2 days and vascular analyses at 10 days. Mice in all 
groups were assessed for changes in permeability using fluorescein 
angiography.
Results: Protein levels of ZO-1 and occludin were decreased in the 
TLR4 floxed mice compared to TLR4 Cre-Lox. TLR4 overexpressing 
mice had much lower ZO-1 and occludin levels than their control 
littermates. Ten days after I/R, TLR4 overexpressing mice had 
significantly more degenerate capillaries than their littermates. 
TLR4 Cre-Lox had fewer degenerate capillaries than floxed mates. 
At 24 hour after I/R, TLR4 overexpressing and TLR4 floxed mice 
had increased leakage when compared to the control littermates and 
TLR4 Cre-Lox, respectively.
Conclusions: The data demonstrate that TLR4 plays an important 
role in regulation of the tight junction permeability, as well as 
vascular and neuronal damage in the retina. TLR4 overexpression 
enhanced leakage following I/R, which was associated with more 
degenerate capillaries and neuronal loss. Taken together, the data 
suggest that inhibition of TLR4 may be protective to the damaged 
retina.
Commercial Relationships: Li Liu, None; Youde Jiang, None; 
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Circadian rhythm disruption leads to an abnormal Kir4.1 
expression due to AMPK inactivation in retinal Müller cells
Alpha Alex1, Mohammed Ali2, Qianyi Luo1, Ashay D. Bhatwadekar1. 
1Ophthalmology, The Eugene and Marilyn Glick Eye Institute, 
Indianapolis, IN; 2Indiana University School of Medicine, 
Indianapolis, IN.
Purpose: The Müller cell, a major retinal glial spanning across 
the retina plays an integral role in potassium homeostasis via 
inwardly rectifying potassium channel, Kir4.1. In diabetes Kir4.1 is 
downregulated resulting in a Müller cell dysfunction and swelling. 
The 5’ adenosine monophosphate-activated protein kinase (AMPK) 
regulates glucose and lipid metabolism. The AMPK also acts as 
a cellular circadian metabolic regulator which phosphorylates 
and destabilizes circadian locomotor output cycles kaput (clock) 
genes. Circadian rhythm disruption (CRD) is known to induce 
insulin resistance and AMPK imbalance, however, it remains 
unknown whether CRD affects the Kir4.1 expression. Therefore, 
we hypothesize that CRD will promote AMPK inactivation with a 
subsequent reduction in Kir4.1 retinal Müller cells.
Methods: We exposed type 2 diabetic (db/db) or control (db/m) mice 
to both a constant dark (DD) or 12hr light and 12hr dark (LD) cycle 
for 14 days. Retinas were harvested to determine AMPKα1/2 and 
KCNJ10 (gene for Kir4.1) mRNA expression. To understand the role 
of AMPK in clock gene regulation, cultured rat Müller cells (rMC-1) 
were transfected with 50nM AMPKα1 siRNA or negative control 
siRNA and the mRNA expression of KCNJ10, and Kir4.1 protein 
expression was determined using Western blot. In parallel, the rMC-1 

cells were treated with 500µM 5-Aminoimidazole-4-carboxamide 
ribonucleotide (AICAR), a specific agonist of AMPK and the 
KCNJ10 mRNA expression were evaluated.
Results: The CRD resulted in a significantly lower AMPKα1 mRNA 
expression compared to the mice maintained under regular LD cycle 
(0.5-fold; p<0.01). Furthermore, both AMPKα2 (0.6-fold; p<0.05) 
and KCNJ10 (0.4-fold; p<0.05) mRNA expression were significantly 
decreased in LD-db/db and DD-db/m compared to control, LD-db/m. 
The AMPKα1 silencing resulted in a profound decrease in KCNJ10 
(0.8-fold; p<0.05) mRNA expression with a prominent decrease in 
Kir4.1 expression (0.7-fold; p<0.05). Evidently, AICAR exhibited a 
3-fold increase in KCNJ10 mRNA expression (p<0.05).
Conclusions: 
Our findings demonstrate that CRD is detrimental to normal Kir4.1 
expression due to inactivation of AMPK in retinal Müller cells. In 
conclusion, AMPK is a critical pharmacological target in preventing 
Müller cell dysfunction in type 2 diabetes.
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Circadian Arrhythmia Alters Retinal Kir4.1 Expression
Ashay D. Bhatwadekar, Osama Mufti, Qianyi Luo. Ophthalmology, 
Eugene and Marilyn Glick Eye Institute, Indianapolis, IN.
Purpose: The Müller cell, a major glia of the retina maintains K+ 
balance through inwardly rectifying Kir4.1 channels. Studies in our 
laboratory suggest that the Kir4.1 channels exhibit a diurnal rhythm. 
Clock-controlled genes regulate about 10% of the transcriptome; 
therefore, improper regulation of circadian rhythms likely contributes 
to disorders that include obesity, metabolic syndrome, and type 2 
diabetes (T2D). However, it remains unknown whether circadian 
rhythm disruption (CRD) affects retinal Kir4.1 expression, therefore 
the purpose of this investigation is to determine the influence of CRD 
on Kir4.1 regulation and Müller cell dysfunction
Methods: The T2D mice (db/db) and control mice (db/m) were 
maintained under regular light-dark (LD) conditions or exposed 
to a constant dark to induce the CRD in circadian cabinets. The 
locomotor activity was evaluated using the Clock-Lab software. After 
two weeks, the plasma levels of insulin and leptin were evaluated. 
The retinal expression of clock genes Per2, Bmal and Kir4.1 was 
determined.
Results: The db/m mice in the LD group exhibited a locomotor 
activity consistent with the nocturnal nature of animals. However, 
the movements of the diabetic mice were sporadic. The CRD altered 
the normal locomotor behavior of both db/m and db/db mice with a 
profound decrease in the mean onset of activity (p<0.05). In db/m 
mice, CRD lead to hyperinsulinemia and hyperleptinemia with a 
decrease in the levels of retinal clock genes, Per2 (1.8-fold p<0.05) 
and Bmal1 (1.7-fold; p<0.05). The db/db mice demonstrated a greater 
reduction of clock genes. The Kir4.1 expression exhibited a diurnal 
rhythm in the retina of db/m mice, however, the diabetic mice were 
devoid of this rhythm. CRD resulted in disruption of diurnal rhythm 
in both db/m and db/db animals.
Conclusions: Our studies demonstrate that CRD leads to a decrease 
in Kir4.1 expression, which may result in Müller cell dysfunction. 
Thus, circadian rhythm regulation is critical for protection from 
Müller cell dysfunction in diabetes.
Commercial Relationships: Ashay D. Bhatwadekar, Indiana 
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University (E)
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