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Program Number: 2037
Presentation Time: 3:45 PM–4:00 PM
Radiation Cataract in Chernobyl Voles
Norman J. Kleiman1, Anton Lavrinienko3, Kati Kivisaari3, 
Zbyszek Boratynski5, Lawrence Dauer4, Tapio Mappes3, 
Tim Mousseau2. 1Environmental Health Sciences, Columbia 
University, New York, NY; 2Biological Sciences, University of 
South Carolina, Columbia, SC; 3Biological and Environmental 
Science, University of Jyväskylä, Jyväskylä, Finland; 4Memorial 
Sloan Kettering Cancer Center, New York, NY; 5Research Center 
in Biodiversity and Genetic Resources, University of Porto, Porto, 
Portugal.
Purpose: The lens of the eye is one of the most radiosensitive tissues 
in the body and exposure is associated with cataract. Severity and 
latency are related to dose. New human exposure guidelines suggest a 
7 fold lower human radiation cataract threshold.
The 1986 Chernobyl Nuclear Power Plant (NPP) accident caused 
radioactive contamination in parts of Ukraine, Belarus and Russia 
and establishment of a 30 km radius “exclusion zone”. 30 years later, 
despite extensive cleanup and remediation, surrounding areas remains 
heavily contaminated. Surprisingly, ocular studies in nearby animal 
populations are limited. We hypothesized that bank voles (Myodes 
glareolus) living in highly radioactive soil will have significant lens 
changes consistent with radiation exposure.
Methods: Comprehensive physical and dilated slit lamp 
examinations were made in ~175 voles trapped from 60 locations 
surrounding the NPP. Whole body gamma counts provided estimates 
of internal dose and ground-based measurements average external 
dose. Individual lens dose was estimated using a phantom and Monte 
Carlo calculations. Radiation-associated lens changes were quantified 
by modified Merriam-Focht (M-F) scoring criteria.
Results: Physical examination indicated voles were quite young; 
most less than 9 months old. External doses ranged from 0.18 to 
>120 µSv/hr. Internal doses ranged from 10 to >5,000 cpm. Voles in 
the highest exposure quartile had significantly higher average M-F 
cataract scores (p<0.03) than those in lower quartiles. Estimates of 
eye dose ranged up to 500 mSv/yr.
Because older voles or those with visual disability were likely 
eliminated from wild populations, voles originally trapped in the 
Chernobyl region but maintained at Kiev University for >18 months 
were also examined. A 75% prevalence of radiation associated lens 
changes was noted as compared to <10% for similarly aged control 
animals.
Conclusions: This study is the first report of dilated slit lamp findings 
in any Chernobyl animal population. In contrast to studies claiming 
no major detrimental exposure effects in Chernobyl wildlife, a 
significant relationship between dose and radiation-associated lens 
changes was observed. These results are consistent with human 
studies that support radiation cataract development after relatively 
low environmental exposures. The findings support closer scrutiny of 
the relationship between acute and chronic radiation dose and cataract 
formation in both humans and other mammals.
Commercial Relationships: Norman J. Kleiman, 
None; Anton Lavrinienko, None; Kati Kivisaari, None; 
Zbyszek Boratynski, None; Lawrence Dauer, None; 
Tapio Mappes, None; Tim Mousseau, None

Support: The Samuel Freeman Charitable Trust (T Mousseau), The 
Academy of Finland (T Mappes)

Program Number: 2038
Presentation Time: 4:00 PM–4:15 PM
Deletion of GLUT1 in mouse lens epithelium leads to cataract 
formation
Aditi Swarup1, Arturo Bravo-Nuevo2, Jamie Soto3, 4, E. Dale Abel3, 4, 
Brent A. Bell5, Neal Peachey5, 6, Paul G. FitzGerald7, Nancy J. Philp2. 
1Cell Biology and Regenerative Medicine, Thomas Jefferson 
University, Philadelphia, PA; 2Pathology, Anatomy and Cell Biology, 
Thomas Jefferson University, Philadelphia, PA; 3Fraternal Order of 
Eagles Diabetes Research Center, University of Iowa, Iowa City, 
IA; 4Endocrinology and Metabolism, Carver College of Medicine, 
University of Iowa, Iowa City, IA; 5Cole Eye Institute, Cleveland 
Clinic, Cleveland, OH; 6Louis Stokes Cleveland VA Medical Center, 
Cleveland, OH; 7Cell Biology and Human Anatomy, U.C. Davis, 
Davis, CA.
Purpose: The ocular lens is avascular and depends on glycolysis for 
energy production. GLUT1, a member of the SLC2 family of glucose 
transporters, is polarized to the basolateral membrane of the lens 
epithelium (LE) suggesting it facilitates the uptake of glucose from 
the aqueous humor. In these studies we examined whether GLUT1 
plays a critical role of maintaining metabolic homeostasis in the lens 
by studying effects of postnatal deletion of GLUT1 in the lens.
Methods: In situ hybridyzation and immunolabeling were used to 
determine the expression and subcellular localization of GLUT1 in 
the lens. GLUT1 was knocked out of LE by crossing transgenic mice 
expressing Cre under control of the GFAP promoter with Glut1Flox/Flox  
mice to generate Tg-GFAP-cre:Glut1Flox/Flox mice. It has been 
previously reported that GFAP is present in the LE. All mice were 
of C57BL/6 strain. Because GFAP is also expressed in Müller glial 
cells (MGCs), we crossed the Glut1Flox/Flox line with PDGFR-Cre 
animals, as this transgene targets Cre expression to MGCs but not the 
lens. Optical Coherence Tomography (OCT) was used to monitor the 
cataract formation over the course of 6 months. ATP and lactate were 
measured using commercially available kits. Fluorescently labeled 
glucose (2-NBDG) was used to check glucose uptake by the lens.
Results: There was a progressive loss of GLUT1 expression in the 
Tg-GFAP-cre:Glut1Flox/Flox lens as a function of age. Opacity in the 
lens was first detected by visual observation and by OCT changes at 
2.8 months and cataract formation was temporally correlated with 
GLUT1 deficiency. In the Tg-GFAP-cre:Glut1Flox/Flox lens, secondary 
fiber cells failed to elongate and migrate properly and nuclei were 
not cleared from these cells. With age, the number of disorganized 
fiber cells increased and in some instances the capsule was disrupted. 
These changes were not noted in the lenses of Tg-PDGFR-
cre:Glut1Flox/Flox mice. ATP and lactate levels were significantly 
lower in lenses from 3.6 month old Tg-GFAP-cre:Glut1Flox/Flox mice 
as compared to their age-matched controls. Also, LE in these mice 
showed diminished 2-NBDG uptake.
Conclusions: Glucose transport into the LE is required to maintain 
lens transparency. In the mouse, this glucose transport is achieved via 
the GLUT1 transporter. Dysregulation of GLUT1 could play a role in 
hypoglycemia-induced and inherited cataract conditions.
Commercial Relationships: Aditi Swarup, None;  
Arturo Bravo-Nuevo, None; Jamie Soto, None;  
E. Dale Abel, None; Brent A. Bell, None; Neal Peachey, None; 
Paul G. FitzGerald, None; Nancy J. Philp, None
Support: NIH (R01 EY012042, P30 EY025585), VA (I01 
BX002340), Research to Prevent Blindness.
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Program Number: 2039
Presentation Time: 4:15 PM–4:30 PM
Transcriptome analysis of the cataract-prone GSH-depleted 
LEGSKO mouse lens reveals adaptations and EMT-like response
Jeremy Whitson1, Zongbo WEI1, Xiang Zhang3, Mario Medvedovic3, 
Vincent M. Monnier1, 2, Xingjun Fan1. 1Pathology, Case Western 
Reserve University, Cleveland, OH; 2Biochemistry, Case Western 
Reserve University, Cleveland, OH; 3University of Cincinatti, 
Cincinatti, OH.
Purpose: Glutathione(GSH) is an essential antioxidant for protecting 
lens proteins from post-translational modifications that result 
in their aggregation. With age, GSH levels decrease in the lens, 
promoting cataract formation. In order to study how the lens adapts 
to GSH-deficiency and identify new targets for cataract prevention, 
we analyzed gene expression using an unbiased high-throughput 
transcriptomic approach.
Methods: Lens epithelia and cortical fiber cells from WT, 
LEGSKO(GSH synthesis knockout), and LEGSKO mice treated with 
buthionine sulfoximine (BSO;inhibitor of GCLC) were harvested 
from male C57Bl/6 mice at 6 months of age (n=4). Lens epithelia and 
fiber cells were analyzed separately and each sample pooled tissue 
from both eyes of a single mouse. Transcriptomic data was obtained 
by Illumina RNA-Seq with polyA selection. Gene expression changes 
with p<0.05, false discovery rate <0.1, and at least a 2-fold up- or 
down-regulation were considered significant. Transcriptomic results 
were confirmed by performing RT-qPCR on a subset of 36 transcripts 
in an independent set of mice.
Results: Transcriptomic reads were mapped to 24,415 transcripts. 
441 total genes showed significantly modulated expression compared 
to wild-type lenses. GSH-deficient lenses showed upregulation 
of genes relating to detoxification, including Aldh1a1, Aldh3a1 
(aldehyde dehydrogenases), Mt1, Mt2 (metallothioneins), Ces1g 
(carboxylesterase), and Slc14a1 (urea transporter). These proteins 
share substrate specificity with GSH or glutathione-S-transferase 
and may protect GSH-deficient lenses. Genes associated with 
canonical EMT pathways, including Wnt10a, Egf, and Syk, showed 
upregulation in GSH-deficient lens epithelia samples. Comparison 
of this transcriptomic data with the transcriptional profile of 
lens epithelia undergoing EMT revealed significant correlation 
(r=0.63,p<0.005) between EMT lenses and BSO-treated LEGSKO 
lens epithelia. RT-qPCR and RNA-Seq results were in excellent 
agreement (correlation coefficients between 0.87-0.94 and p<5E-6 in 
all cases) confirming the outcome of the transcriptome.
Conclusions: Lens GSH depletion is associated with upregulation of 
Aldh, Mt, Ces1g, and Slc14a1, indicating a protective role for these 
genes. Transcriptome analysis also uncovered an EMT-like signaling 
response in chronic mild GSH-deficiency that was strengthened in 
acute, but severe, GSH-deficiency.
Commercial Relationships: Jeremy Whitson, None; Zongbo WEI, 
None; Xiang Zhang, None; Mario Medvedovic, None; 
Vincent M. Monnier, None; Xingjun Fan, None
Support: T32 EY024236 (Cole Eye Institute), T32 EY007157 
(CWRU Visual Sciences Training Program) EY07099 (VMM), 
EY024553 (XF)

Program Number: 2040
Presentation Time: 4:30 PM–4:45 PM
Long non-coding RNA H19 regulates human lens epithelial cells 
function: implication in the pathogenesis of age-related nuclear 
cataract
Xin Liu, Chang Liu, Kun Shan, Shujie Zhang, Yi Lu, Biao Yan, 
Yi Luo. Ophthalmology, Eye and ENT hospital of Fudan University, 
Shanghai, China.

Purpose: Age-related cataract (ARC) remains the leading cause of 
visual impairment among elder population. Long non-coding RNAs 
(lncRNAs) have emerged as potential regulators in cataractgenesis. 
However, the role of lncRNAs in nuclear ARC, a subtype of ARC, 
remains to be further elucidated.
Methods: LncRNA sequencing was performed to identify 
differentially expressed lncRNAs between the capsules of transparent 
and nuclear ARC lenses. Expression validation was confirmed by 
qRT-PCR. MTT assay, Calcein-AM and propidium iodide double 
staining, rhodamine 123 and Hoechst double staining, EdU and 
transwell assay were used to determine the role of H19 or miR-675 
in the viability, apoptosis, proliferation and migration of human lens 
epithelial cells (HLECs). Bioinformatics and luciferase reporter 
assays were used to identify the binding target of miR-675.
Results: Sixty-three lncRNAs are differentially expressed between 
the capsules of transparent and nuclear ARC lenses. One top 
abundantly expressed lncRNA, H19, is significantly up-regulated in 
the nuclear ARC lens capsules and positively associated with nuclear 
ARC grade. H19 knockdown accelerates apoptosis development and 
reduces the proliferation and migration of HLECs upon oxidative 
stress. H19 is the precursor of miR-675 and reduction of H19 
inhibits miR-675 expression. miR-675 regulates CRYAA expression 
by directly targeting the binding site within the 3’UTR. Moreover, 
miR-675 increases the proliferation and migration, and decreases the 
apoptosis of HLECs upon oxidative stress.
Conclusions: H19 regulates human lens epithelial cells function 
through miR-675-mediated CRYAA expression in the pathogenesis 
of nuclear ARC. This study would provide a novel insight into the 
pathogenesis of nuclear ARC.

(A-C)Differential lncRNAexpression between transparent and 
nuclear ARC lenses samples.
(D-E)LncRNA H19 expression levels positively correlates with 
nuclear ARC grade. 
(F-M)Effects of H19 knockdown on HLECs function.H19 expression 
levels, cell viability, apoptotic cells, mitochondrial membrane 
potentials, HLECs proliferation and migration were detected.
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(A-F)H19/miR675-5p downregulates the expression of CRYAA.
(G-M)miR675-5p is involved in the regulation of HLEC function. 
Cell viability, apoptotic cells, mitochondrial membrane potentials, 
HLECs proliferation and migration were detected.
Commercial Relationships: Xin Liu; Chang Liu, None; Kun Shan, 
None; Shujie Zhang, None; Yi Lu, None; Biao Yan, None; Yi Luo, 
None

Program Number: 2041
Presentation Time: 4:45 PM–5:00 PM
The up-regulation of N-Cadherin by Pax6 in age-related cataract 
lenses
Dan Li, Jie Xu. Ophthalmology, Eye & ENT Hospital of Fudan 
University, Shanghai, China.
Purpose: As one of the most important “eye field transcription 
factors”, Pax6 plays key roles in different stages of lens development. 
However, little is known about its role in the progress of age-related 
cataract (lens opacification) (ARC). In this study, we investigated the 
regulatory role of Pax6 on N-Cadherin, an adhesion molecule that has 
been used as a differentiation marker in lens epithelial cells (LECs), 
in ARC lenses.
Methods: Anterior lens epithelium (LE) samples were obtained by 
capsulorhexis from cataract surgery by the same ophthalmologist. 
Normal LE samples were obtained from donated eyes from Eye Bank 
of Eye & ENT Hospital of Fudan University. The ARC samples were 
divided into 2 groups according to the Lens Opacities Classification 
System III, with an increasing severity from Group L to H. Group 
L: the lens have less than or equal to C3 and N3 opacity; Group 
H: the lens have at least C4 or N4 opacity. The expression of Pax6 
and N-Cadherin (coded by CDH2 gene) were measured in ARC 
and normal LEs at the mRNA level by qPCR, and protein level by 
western blot and immunofluorescence staining. The transcriptional 
regulatory role of Pax6 on CDH2 promoter was investigated by 
dividing the CDH2 promoter (-2000 ~ + 187 bp, the first bp of 
transcription start site as +1) into 8 regions and tested using  
CHIP-PCR, and CDH2 promoter luciferase assays. The N-Cadherin 
expression was measured in LECs with the over-expression of Pax6 
by lenti-viral infection.
Results: The expression of Pax6 and N-Cadherin are both increased 
in the LEs from ARC patients compared to normal controls. (Fig 1.) 
The CHIP-PCR results indicated that Pax6 up-regulates N-Cadherin 
through specific promoter region (region 2:-1913 ~ 1615, region 5: 
-1026 ~ -738 and region 6: -757 ~ -431). (Fig 2A.) These regulatory 
sites were confirmed by luciferase assays with the over-expression of 

Pax6 (Fig 2B.). N-Cadherin was also up-regulated in the Pax6 over-
expressed LECs.
Conclusions: As a molecular marker of LEC differentiation, 
N-Cadherin was up-regulated by Pax6 in ARC LEs, which could lead 
to the abnormal differentiation of LEC and cataractogenesis.

Fig.1. The expression of Pax6, N-Cadherin and E-Cadherin in normal 
and ARC lenses was measured by western blots.
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Fig.2.(A)The CHIP-PCR results showed a enrichment at CDH2 
promoter region 2, 5 and 6. (B) The luciferase assay showed  
co-expression of Pax6 and CDH2 promoters activates the luciferase 
expression.
Commercial Relationships: Dan Li, None; Jie Xu, None

Program Number: 2042
Presentation Time: 5:00 PM–5:15 PM
Investigating the role of pexophagy in the development of the 
ocular lens and cataractogenesis
Muhammad Ali1, Shahid Y. Khan1, Firoz Kabir1, Sheikh Riazuddin2, 3, 
J. Fielding Hejtmancik4, S Amer Riazuddin1, 5. 1The Wilmer Eye 
Institute, Johns Hopkins University School of Medicine, Baltimore, 
MD; 2National Centre of Excellence in Molecular Biology, 
University of the Punjab, Lahore, Pakistan; 3National Centre for 
Genetic Diseases, Shaheed Zulfiqar Ali Bhutto Medical University, 
Islamabad, Pakistan; 4Ophthalmic Genetics and Visual Function 
Branch, National Eye Institute, National Institutes of Health, 
Bethesda, MD; 5McKusick-Nathans Institute of Genetic Medicine, 
Johns Hopkins University School of Medicine, Baltimore, MD.
Purpose: To determine the genetic basis of congenital cataracts in 
an inbred familal case and investigate the role of pexophagy in the 
development of the ocular lens and cataractogenesis.
Methods: We recruited a large family with multiple members having 
congenital cataracts. All participating members underwent clinical 
and ophthalmic examinations. Genomic DNAs of three individuals 
with cataracts were selected for whole-exome sequencing. The exome 
data analysis was performed using Lasergene Genomics Suite.  
A tandem fluorochrome pexophagy assay was performed to quantitate 

the mRFP/EGPF-SKL ratio using a flow cytometer in a human lens 
epithelial cell line (HLE). The localization patterns of PXMP2  
(a peroxisome marker), wild-type and mutant PEX5, and substrate 
harboring peroxisome target sequence (PTS1) were examined.
Results: The ophthalmological examinations of affected members 
indicated congenital cataracts. We identified 2,201 homozygous 
variants shared among the three affected individuals. Of these, only 
a variant in PEX5 (c.653T>C; p.F218S) showed segregation with the 
disease phenotype in the family, and was absent in ethnically matched 
control chromosomes. Furthermore, F218 is completely conserved 
in orthologs of PEX5, and in silico analysis predicted that the mutant 
allele would be disruptive to the native protein structure. PEX5 is 
a receptor protein that is indispensable for pexophagy, the selective 
degradation of peroxisomes. Importantly, it is expressed in the 
developing murine lens transcriptome and proteome. To understand 
the physiological significance of PEX5 in the development of the 
ocular lens and the role of the causative mutation in cataractogenesis, 
we performed a flow cytometry-based tandem fluorochrome 
pexophagy assay in an HLE cell line. This analysis revealed H2O2-
induced pexophagy in the wild-type HLE cells. Immunofluorescence 
tracking showed a peroxisomal localization pattern for both the wild-
type and mutant PEX5 proteins. However, the mutant protein did 
not transport the substrate harboring PTS1 to the peroxisome. These 
results suggest that the mutation compromises the ability of PEX5 to 
transport cargo bearing the PTS1 signal.
Conclusions: Here, we report a novel missense mutation in PEX5 
responsible for cataractogenesis. To the best of our knowledge, this is 
the first report implicating pexophagy in cataractogenesis.
Commercial Relationships: Muhammad Ali, None; 
Shahid Y. Khan, None; Firoz Kabir, None; Sheikh Riazuddin, 
None; J. Fielding Hejtmancik, None; S Amer Riazuddin, None
Support: R01EY022714

Program Number: 2043
Presentation Time: 5:15 PM–5:30 PM
Dysregulation of canonical Wnt signaling may result in aniridia 
fibrosis syndrome (AFS)
Yichen Wang1, Yan Wang1, Christopher D. Riemann2, 
Melinda K. Duncan1. 1Biological Sciences, University of Delaware, 
Newark, DE; 2Cincinnati Eye Institute, Cincinnati, OH.
Purpose: Congenital aniridia (CI) is defined as iris hypoplasia at 
birth, and often results from PAX6 mutations/deletions. Surgical 
interventions for common CI sequelae such as cataract and glaucoma 
can lead to devastating fibrotic complications (AFS). While little is 
known about the pathogenesis of AFS, previous studies showed that 
Pax6 negatively regulates canonical Wnt signaling in the embryonic 
eye. As canonical Wnt and TGF-β signaling can synergize to drive 
fibrosis, this work tests the hypothesis that Pax6 haploinsufficiency 
leads to upregulated Wnt signaling in the adult eye, which upon 
surgically mediated TGF-β activation, results in AFS.
Methods: Penetrating corneal injury (PCI) was performed on Pax6+/- 
and Pax6+/+ mice to model post-surgery fibrotic responses. The 
expression of fibrotic, inflammatory, angiogenesis, proliferation and 
apoptotic markers was evaluated by confocal immunofluorescence 
(IF). Canonical Wnt reporter mice (TCF/Lef:H2B/GFP) were mated 
with Pax6+/- mice, then PCI performed on reporter carriers (R+). The 
activation of Wnt and TGF-β signaling was measured by the levels 
of β-catenin or TCF/GFP, and pSMAD3 respectively. Human AFS 
samples were obtained during surgical treatment of AFS and analyzed 
for marker expression as above.
Results: Human AFS material is comprised of asmooth muscle actin 
(SMA), pSMAD3 and nuclear b-catenin positive myofibroblasts 
embeded in a fibrotic extracellular matrix. Unoperated adult Pax6+/- 
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mice develop pockets of spontaneous lens epithelial cell (LEC) and 
corneal fibrosis. After surgery, Pax6+/- mice developed severe fibrosis 
at both the injury site and iris root associated with elevated levels of 
nuclear β-catenin and pSMAD3. Unoperated Pax6+/- R+ mice exhibit 
elevated canonical Wnt signaling compared to wildtype as measured 
by GFP expression. Upon surgery, TCF/GFP and pSMAD3 were 
co-localized in SMA expressing cells at the injury site. However, 
reporter positive Pax6+/- mice did not exhibit elevated fibrosis after 
injury which is likely consistent with the known effects of genetic 
background on the phenotype of the aniridic eye.

Conclusions: Pax6 haploinsufficiency results in a propensity to 
develop spontaneous ocular fibrosis. As these eyes also exhibit 
elevated TCF/Lef activity in the eye, this may synergize with  
elevated TGF-β signaling induced upon surgery to drive the 
pathogenesis of AFS.
Commercial Relationships: Yichen Wang, None; Yan Wang, 
None; Christopher D. Riemann, None; Melinda K. Duncan, None
Support: NEI grant EY015279, Aniridia Foundation International, 
Fight for Sight, INBRE NIH-NIGMS (P20 GM103446) and the State 
of Delaware


