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533 Biochemistry and Molecular Biology implicated in diabetic 
retinopathy and glaucoma
Thursday, May 11, 2017 11:30 AM–1:15 PM
Room 314  Paper Session
Program #/Board # Range: 5620–5626
Organizing Section: Biochemistry/Molecular Biology

Program Number: 5620
Presentation Time: 11:30 AM–11:45 AM
Transient Hypoglycemic Episodes Increase Hypoxia Inducible 
Factor-1α Nuclear Accumulation and Enhances the Angiogenic 
Response in Diabetic Eye Disease
Monika Deshpande1, Haley Megarity1, Isha Kachwala1, 
Savalan Babapoor-Farrokhran1, Gregg Semenza2, Silvia Montaner3, 
Akrit Sodhi1. 1ophthalmology, Johns Hopkins University, Baltimore, 
MD; 2Pediatrics, Institute for cell Engineering, Baltimore, MD; 
3Pathology, School of medicine, Baltimore, MD.
Purpose: Tight control of serum glucose levels – the cornerstone 
of diabetic management – reduces the incidence and progression 
of diabetic microvascular disease. Nonetheless, oscillating glucose 
levels (i.e., glycemic variability) can influence the risk for diabetic 
retinopathy independent of HbA1c levels. While it is hypothesized 
that transient episodes of hyperglycemia in patients with high 
glycemic variability contributes to the progression of retinopathy, 
the molecular mechanism whereby oscillating serum glucose levels 
influences diabetic eye disease is not known.
Methods: Immortalized (MIO-M1) and primary retinal Müller cells 
were exposed to low (1-4 mM), normal (5 mM) or high (25-50 mM) 
glucose and the angiogenic potential of media conditioned from these 
cells was evaluated in vitro (tubule formation) and in vivo (directed 
in vivo angiogenesis). The contribution of the transcription factor, 
hypoxia inducible factor (HIF)-1α was assessed by western blot and 
immunofluorescence. HIF-1 target gene expression was examined by 
qPCR and ELISA. These results were corroborated in vivo using the 
insulin-induced hypoglycemia mouse model.
Results: Transient exposure to low – but not high – glucose resulted 
in increased secretion of angiogenic mediators from retinal Müller 
glial cells and this enhanced angiogenic phenotype is strictly 
dependent on the transcription factor, HIF-1. Exposure of Müller cells 
to decreasing concentrations of D-glucose increased HIF-1α nuclear 
accumulation and promoted expression of the HIF-1-regulated 
angiogenic mediators, VEGF and angiopoietin-like 4 (ANGPTL4). 
This increase was synergistic with hypoxia, and resulted in a marked 
increase in VEGF and ANGPTL4 secretion. These results were 
confirmed in vivo. Interestingly, nuclear accumulation of HIF-1α 
in response to hypoglycemia was independent of its canonical 
post-translational stabilization. Instead, we demonstrate a unique 
and previously unrecognized mechanism whereby low D-glucose 
independently promotes HIF-1α protein translation and nuclear 
localization.
Conclusions: Our results provide a molecular explanation for how 
glycemic variability can promote the progression of diabetic eye 
disease independent of HbA1c or hyperglycemia and have important 
clinical implications for optimizing glucose management in diabetic 
patients.
Commercial Relationships: Monika Deshpande,  
None; Haley Megarity, None; Isha Kachwala, None; 
Savalan Babapoor-Farrokhran, None; Gregg Semenza, None; 
Silvia Montaner, None; Akrit Sodhi, None
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The Role of X-box Binding Protein 1 in Angiogenic Progenitor 
Cells and Vascular Repair in Diabetes
Maulasri Bhatta1, 2, Joshua J. Wang1, 2, Sarah X. Zhang1, 3. 
1Department of Ophthalmology and Ross Eye Institute, University 
at Buffalo, State University of New York, Buffalo, NY; 2SUNY Eye 
Institute, State University of New York, Buffalo, NY; 3Department of 
Biochemistry, University at Buffalo, State University of New York, 
Buffalo, NY.
Purpose: Circulating angiogenic progenitors play a pivotal role 
in vascular repair in diabetes. Our recent work has implicated 
endoplasmic reticulum (ER) stress in the dysfunction of diabetic 
angiogenic progenitor cells. Herein, we investigated the role of 
X-box binding protein 1 (XBP1), an endoplasmic reticulum (ER) 
stress-responsive transcription factor, in the regulation of angiogenic 
progenitors in normal and diabetic conditions.
Methods: Diabetes was induced by streptozotocin in conditional 
XBP1 knockout mice that lack XBP1 in Tie2 expressing cells  
(Tie-2XBP1KO) and wild-type (WT) mice. Bone marrow (BM) 
progenitors (Lin-/c-Kit+/Sca-1+/CD34+) and BM-angiogenic 
progenitors (Flk-1+/Sca-1+/CD34+) as well as CACs (Flk-1+/ Sca-1+/
CD34+) in peripheral blood were quantified by flow cytometry. ER 
stress markers in c-Kit expressing BM cells and early outgrowth cells 
(EOCs) were determined by real-time qPCR, PCR array and western 
blot analysis. EOC function was determined by colony formation and 
migration assays.
Results: Compared to WT mice, Tie-2XBP1KO mice exhibited 
significantly reduced number of CACs in peripheral blood despite 
a significant increase in the numbers of BM progenitors and 
angiogenic progenitors, suggesting possible defects in angiogenic 
cell mobilization and/or release from the BM. Indeed, cultured 
EOCs from Tie-2XBP1KO mice demonstrated decreased capacities in 
colony formation and migration in both normal and high glucose 
(HG) conditions. Gene expression analyses show upregulation 
of genes involved in oxidative stress as well as apoptosis (Prdx6, 
Gpx1, Nfe2l2, Txnrd2, Bad, Casp3, Foxo3) and downregulation of 
functional genes (Itgb2, Vegfr2, Nos-3 Cxcr4) in EOCs from Tie-
2XBP1KO mice compared to WT controls. Under HG conditions, XBP1 
deficient EOCs display up to 3-fold increase in the expression of 
Mapk10 and Duox1 but a decrease in genes encoding antioxidant and 
ER quality control enzymes (Prdx6, Edem3, Ern1). EOCs isolated 
from 3-month diabetic Tie-2XBP1KO mice exhibited severe defects 
in growth and colony formation, which was partially rescued by 
treatment with chemical chaperone 4-phenylbutyrate (4-PBA).
Conclusions: Our data reveals an essential role of XBP1 in 
the survival and function of BM angiogenic progenitor cells. 
Manipulating XBP1 activation may provide a novel approach for 
restoring angiogenic function in diabetes.
Commercial Relationships: Maulasri Bhatta, None; 
Joshua J. Wang, None; Sarah X. Zhang, None
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Knockdown of the lncRNA LOXL1-AS1 and the protein-coding 
gene LOXL1 alters expression of genes and pathways implicated 
in exfoliation syndrome pathogenesis
Inas F. Aboobakar1, David Corcoran2, William M. Johnson1,  
R Rand Allingham1, 3, W Daniel Stamer1, Michael A. Hauser4, 3. 
1Department of Ophthalmology, Duke University Medical Center, 
Durham, NC; 2Center for Genomic and Computational Biology, 
Duke University, Durham, NC; 3Singapore Eye Research Institute, 
Singapore National Eye Centre, Singapore, Singapore; 4Departments 
of Medicine and Ophthalmology, Duke University Medical Center, 
Durham, NC.
Purpose: Exfoliation syndrome (XFS) is a systemic disorder of the 
extracellular matrix (ECM) affecting ~60 million people. Exfoliation 
glaucoma (XFG) is the most common ocular manifestation. 
Coding and non-coding variants in the LOXL1 locus increase risk 
for developing XFG, though the functional effects remain poorly 
characterized. The goal of this work was to identify the genes and 
pathways regulated by the two genes in this locus: the non-coding 
lncRNA LOXL1-AS1 and the protein coding gene LOXL1.
Methods: Immortalized human lens epithelial cells (HLE-B3) were 
transfected with an siRNA targeting either the LOXL1-AS1 lncRNA 
(3 siRNA probes tested), LOXL1 (2 probes tested) or a negative 
control siRNA. Each probe was tested in triplicate. Total RNA 
was extracted from cells after 48 hours and RNA-seq analysis was 
performed using 50bp single end reads. The DESeq2 Bioconductor 
package was used to identify genes differentially expressed with 
LOXL1-AS1 or LOXL1 knockdown (KD) compared to the negative 
control (p<0.05, >2-fold change). Gene set enrichment analysis 
(GSEA) was used to identify differentially expressed pathways.
Results: KD of LOXL1-AS1 led to differential expression of 632 
genes (425 protein-coding, 207 non-coding), while LOXL1 KD led 
to differential expression of 254 genes (107 protein-coding, 147 non-
coding). Differentially expressed genes included various exfoliation 
material and ECM constituents, matrix metalloproteinases, members 
of the TGF-β superfamily, calcium signaling genes and genes 
involved in aqueous humor dynamics (Table 1). Pathway analysis 
identified enrichment of genes involved in UV response, proteasome 
complex formation, ECM constituents and downstream targets of 
TGF-β1 with LOXL1-AS1 KD. Pathways differentially expressed 
with LOXL1 KD included response to UV light, actin cytoskeleton 
assembly and ECM constituents.
Conclusions: Knockdown of LOXL1-AS1 or LOXL1 affects 
expression of genes and pathways implicated in XFS pathobiology, 
including ECM constituents, the TGF-β1 pathway and response to 
XFS-associated stressors such as UV light. Altered expression of 
LOXL1-AS1 and/or LOXL1 due to genetic variants or environmental 
factors may induce changes in ECM homeostasis and impair 
responses to cell stressors, contributing to the development of the 
ocular and systemic manifestations of this ECM-related disease.

Commercial Relationships: Inas F. Aboobakar; David Corcoran, 
None; William M. Johnson, None; R Rand Allingham, None;  
W Daniel Stamer, None; Michael A. Hauser, None
Support: The Glaucoma Foundation
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Characterization of Optineurin E50K knock-in mouse model 
with normal tension glaucoma and evaluation of TBK1 inhibitor 
Amlexanox
Mao Nakayama, Yuriko Minegishi, Daisuke Iejima, Takeshi Iwata. 
Molecular & Cellular Biol, Nat’l Hosp Org Tokyo Med Ctr, Tokyo, 
Japan.
Purpose: Optineurin (OPTN), a component of autophagosome, 
is responsible for normal tension glaucoma (NTG). In this study, 
OPTN E50K knock-in mouse was generated by CRISPR/Cas9 and 
analyzed for abnormality of the retina. Furthermore, we investigated 
neuroprotective effect of TBK1 inhibitor, Amlexanox, to these E50K 
knock-in mice.
Methods: Imaging of fundus and retina section of wild-type, 
homozygous and heterozygous E50K knock-in mice was analyzed. 
The mouse optic nerve was scanned by optical coherence tomography 
(OCT, Micron IV, Phoenix Research) and the average thickness 
of the optic retinal ganglion cells (RGC) layer was analyzed. 
Immunohistochemistry of E50K knock-in mouse retina was stained 
with antibodies against anti-βIII tubulin (Chemicon) and anti-
SMI32 (Sternberger). Additionally, TBK1 inhibitor Amlexanox was 
administrated to E50K knock-in mice from 4-week old. After 12 
months of administration, we analyzed the average thickness of optic 
RGC layer to evaluate Amlexanox neuroprotection in E50K knock-in 
mouse.
Results: The average thickness (57.8μm) of optic RGC layer in 
E50K knock-in homozygous mice at 6 months shows a significant 



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.

reduction compared with wild-type mice (75.7μm). β-III tubulin-
stained nerve fiber in E50K knock-in homozygous mouse at 12 
months shows thinning of the optic nerve fiber compared with 
wild-type mouse. Furthermore, the optic cupping increased in E50K 
knock-in homozygous mouse, which mimic NTG patients. SMI32 
immunostaining of whole-retina mount also shows RGC loss in E50K 
knock-in homozygous mouse. The homozygous E50K knock-in mice 
without Amlexanox treatment exhibited a 15% reduction of the optic 
RGC layer thickness whereas the treated group at 3%.
Conclusions: Homozygous E50K knock-in mice is the first normal 
tension glaucoma mouse model, which exhibits the glaucoma-like 
phenotype by exact same mutation in patient. Amlexanox, which has 
long been used to treat bronchial asthma and allergic rhinitis as FDA 
approved drug, rescued the RGC thinning of E50K mouse, indicating 
as potential drug to treat OPTN E50K glaucoma patients worldwide.
Commercial Relationships: Mao Nakayama, None; 
Yuriko Minegishi, None; Daisuke Iejima, None; Takeshi Iwata, 
None
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Discovery-based identification of lipid signaling molecules in 
evolving glial scars after optic nerve crush
David T. Stark1, David M. Anderson2, N. H. Patterson2, Jacky 
Man Kwong Kwong1, Kevin Schey2, Richard M. Caprioli2, 
Joseph Caprioli1. 1Ophthalmology, UCLA David Geffen School of 
Medicine, Los Angeles, CA; 2Biochemistry, Vanderbilt University 
School of Medicine, Nashville, TN.
Purpose: Adult central nervous system axons fail to regenerate after 
injury. Contributing factors include limited neuronal intrinsic growth 
capacity and an unfavorable glial environment. Lipid mediators have 
been identified as novel myelin-associated inhibitors of axon growth 
(MAIs) in adults and guide axons during development, but they have 
attracted less attention than inhibitory signaling proteins of the glial 
milieu. We developed a discovery-based approach to characterize 
the spatial distribution of lipid species in evolving glial scars in a rat 
optic nerve crush (ONC) model.
Methods: ONC was performed and eyes with attached optic 
nerves were collected at various post-crush intervals. Sections of 
peripapillary retina and nerve were analyzed with matrix-assisted 
laser desorption/ionization (MALDI) imaging mass spectrometry 
(IMS). Images of histologically discriminant ions were overlaid with 
H&E and tentative molecular assignments made via the LIPIDMAPS 
database. Some assignments were confirmed with tandem mass 
spectrometry. Retinal ganglion cell (RGC) death was quantified with 
the specific marker Rbpms.
Results: At post-crush day 7, 20% of RGCs survived (95% CI 
[11.9%, 28.4%]). Lipid sulfatide MAIs were cleared from the center 
of the crush site, but they remained abundant distally and proximally. 
In contrast, an ion consistent with the growth cone guidance cue 
arachidonoyl lysophosphatidyl inositol [LPI(20:4)] accumulated in 
the crush site. While cholesterol was cleared from the crush site, 
lysosome-specific bis(monoacylglycero)phosphates (BMPs) and 
cholesteryl esters accumulated markedly.
Conclusions: LPI(20:4) may promote RGC axon growth via the 
lysophosphatidyl inositol (LPI) receptor LPI1 (orphan GPR55). 
Accumulation of LPI(20:4) suggests that cellular elements within an 
evolving glial scar release attractive guidance cues while clearing 
MAIs. Free cholesterol is the most abundant lipid constituent 
of myelin on a molar basis. Accumulation of BMPs at the crush 
site likely reflects elevated endocytosis of debris and lysosomal 
biogenesis in activated microglia. The appearance of cholesteryl 

esters at the crush site suggests severe impairment of cholesterol 
homeostasis. This approach may be useful for identification of 
candidate pro-regeneration lipid signaling molecules.

Commercial Relationships: David T. Stark, None; 
David M. Anderson, None; N. H. Patterson, None; Jacky Man 
Kwong Kwong, None; Kevin Schey, None; Richard M. Caprioli, 
None; Joseph Caprioli, None
Support: Glaucoma Research Foundation
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Molecular pathway analyses with bioinformatics in trabecular 
meshwork cells of patients with primary open angle glaucoma
Johannes Schouten1, Ilona Liesenborghs1, 2, Lars Eijssen3, 
Martina Kutmon2, 3, Theo G. Gorgels1, Chris Evelo3, 2, 
Henny J. Beckers1, Carroll Webers1. 1University Eye Clinic 
Maastricht, Maastricht University Medical Centre+, Maastricht, 
Netherlands; 2Maastricht Centre for Systems Biology (MaCSBio), 
Maastricht University, Maastricht, Netherlands; 3Department of 
Bioinformatics, Maastricht University, Maastricht, Netherlands.
Purpose: The pathogenesis of primary open angle glaucoma (POAG) 
has not been clarified and its treatment is not based on insights in 
the molecular mechanisms. We performed in silico pathway and 
network analysis in gene expression datasets of trabecular meshwork 
cells in patients with and without POAG. This contributes to a better 
insight in the molecular mechanisms in POAG and may provide new 
treatment options.
Methods: We analysed a microarray dataset (GSE27276; 15 cases 
and 13 controls) in which the gene expression profiles of patients 
with and without POAG are compared. A search for these datasets 
was conducted in Gene Expression Omnibus. The data were 
subjected to a thorough quality control based on ArrayAnalysis.
org and R scripts. Divergent data were removed from further 
analysis. Pathway analysis and visualisation was conducted with 
PathVisio. Pathways from WikiPathways were used. Pathways with 
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Z-score > 1.96, permuted p-value < 0.05, and ≥ 3 changed genes 
were considered significantly changed. In Cytoscape, the identified 
pathways were combined into a network of interacting genes.
Results: One of the patients had a MYOC-mutation and appeared as 
an outlier in the quality control. Therefore, this sample was removed 
for further analysis. Pathway analysis showed 16 significantly 
altered pathways. Some of these pathways are already associated 
with glaucoma: the complement activation pathway (WP545), the 
focal adhesion pathway (WP306), the miRNA targets in ECM and 
membrane receptors pathway (WP2911), and the regulation of actin 
cytoskeleton pathway (WP51). For example, in the complement 
activation pathway, in particular the classical pathway, the genes are 
upregulated, indicating activation. Studies in other tissues revealed 
that not only known immunoglobulins but also multiple other triggers 
are able to activate this pathway. Further research on this and the 
other identified pathways may identify new insights in the molecular 
mechanisms of POAG. Also, further visualising these pathways into 
a network of interacting genes may help to identify candidate genes 
and treatment options.
Conclusions: We identified 16 pathways that seem to play a role in 
POAG. Molecular pathway and network analysis with bioinformatics 
can give us new insights into the molecular mechanisms of primary 
open angle glaucoma.
Commercial Relationships: Johannes Schouten, None; 
Ilona Liesenborghs, None; Lars Eijssen, None; Martina Kutmon, 
None; Theo G. Gorgels, None; Chris Evelo, None; 
Henny J. Beckers, None; Carroll Webers, None
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Role of the Autotaxin-Lysophosphatidic Acid Signaling Axis in 
Trabecular Meshwork and Homeostasis of Intraocular Pressure
Leona Ho1, Nikolai Skiba1, Christoph Ullmer3, P Vasanth Rao1, 2. 
1Ophthalmology, Duke University School of Medicine, Durham, 
NC; 2Pharmacology and Cancer Biology, Duke University School 
of Medicine, Durham, NC; 3Roche Pharma Research & Early 
Development, F. Hoffmann-La Roche AG, Basel, Switzerland.
Purpose: Lysophosphatic acid (LPA), a bioactive lipid produced 
by autotaxin (ATX) exerts a broad range of cellular effects through 
multiple G protein-coupled receptors (LPARs) and influences a wide 

range of physiological and pathological processes. Significantly, both 
LPA and ATX have been demonstrated to modulate aqueous humor 
outflow and intraocular pressure (IOP); however, our knowledge 
regarding the effects of LPA on human trabecular meshwork (HTM) 
cell biology is limited. In this study, we undertook a comprehensive 
investigation of LPA induced changes in HTM cell contractile 
activity, cell adhesive interactions and mechanotransduction.
Methods: The expression profile of LPA receptors (LPARs), LPA 
hydrolyzing lipid phosphate phosphatases (LPPs), and ATX was 
determined in HTM cells under both normal and cyclic mechanical 
stretch by qRT-PCR analysis. The effects of LPA and selective LPAR 
antagonists on HTM cell contractile properties, adhesive interactions, 
mechanotransduction, extracellular matrix (ECM) protein expression 
and fibrogenic activity were evaluated by immunoblot blot, 
immunofluorescence, mass spectrometry analyses.
Results: HTM cells express relatively abundant levels of LPAR1, 
LPAR3 and LPAR6 along with LPP1-3. Cyclic mechanical 
stretch (15% for 24 hrs) significantly increased the expression of 
LPAR1, LPAR3, LPP1 and ATX. Mechanistic studies revealed the 
involvement of Rho-kinase, protein kinase C and myosin light kinase 
in LPA-induced changes in HTM cell contractile (myosin light 
chain phosphorylation) and adhesive properties (phospho-paxillin, 
phospho-focal adhesion kinase and Hic-5). LPA also triggered 
significant levels of fibrogenic factors (CYR61 and CTGF) through 
the YAP/TAZ mechanotransduction pathway and ECM production in 
TM cells. Additionally, pharmacological inhibition of LPAR1 and 3 
in TM cells suppressed the profibrotic and contractile activity.
Conclusions: Taken together these results demonstrate that 
mechanical stretch of HTM cells influences expression of LPARs, 
LPPs and ATX, and LPA-induced HTM cell contractile activity, cell 
adhesion, ECM production and profibrotic factors appeared to be 
mediated through independent intracellular mechanisms downstream 
to LPAR1-3 involving Rho kinase, PKC, MLC kinase and Yap and 
TAZ. Importantly, these observations further support targeting of the 
ATX-LPA signaling axis to lower IOP in glaucoma patients.
Commercial Relationships: Leona Ho, None; Nikolai Skiba, None; 
Christoph Ullmer, F. Hoffmann-La Roche Ltd (E); P Vasanth Rao, 
None
Support:  Roche Postdoctoral Fellowship sponsored by  
F. Hoffmann-La Roche Ltd; NIH Grant-P30 EY005722


