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Switching Of Redox Signaling By Sulforaphane Determines Lens 
Epithelial Cells Fate By Hormetic Mechanisms Involving Prdx6/
Nrf2 and Klf9 Pathways
Bhavana Chhunchha1, Eri Kubo2, Hiroshi Sasaki2, 
Dhirendra P. Singh1. 1Ophthalmology & Visual Sciences, University 
of Nebraska Medical Center, Omaha, NE; 2Ophthalmology, 
Kanazawa Medical University, Kanazawa, Japan.
Purpose: Failure of redox equilibrium of lens epithelial cells (LECs) 
due to weakened antioxidant defense is linked to onset of cataract. 
Sulforaphane (SFN), an Nrf2 activator, affects cell fate by regulating 
antioxidant genes like peroxiredoxin (Prdx) 6. Here we showed that 
the mechanism of hormetic effects of SFN; higher doses of SFN 
(similar to H2O2) activated death signaling by overstimulation of 
Nrf2-mediated Kruppel-like factor (Klf9) repression of Prdx6.
Methods: Cultured human LECs were treated with SFN (0 to 24μM) 
or H2O2 (0 to 300μM) for 12 to 24 h to induce biphasic responses. 
Cell viability, reactive oxygen species (ROS), Prdx6, Nrf2, and Klf9 
levels were examined by MTS, H2DCF dye, qPCR and Western 
blot, respectively. In silico analysis identified Klf9 sites in Prdx6 
(-1559/+30) and Nrf2 sites in Klf9 (-5925/+65) promoters. Effect of 
SFN or H2O2 was done by transfecting LECs with Prdx6-or Klf9-
CAT promoter or its mutants with Nrf2-siRNA or Klf9 plasmids. 
ChIP assay with treated LEC revealed DNA-Nrf2 or DNA-Klf9 
binding. LECs overexpressing Nrf2/Klf9 plasmid were used to 
examine cell viability. A two-tailed Student’s t-test was applied for 
statistical analysis.
Results: Increased doses of SFN (>12μM) or H2O2 (>100μM) caused 
accumulation of Nrf2 and Klf9 upregulation with a decrease of Prdx6 
mRNA and protein, and increased ROS and cell death (p<0.001). 
Like nontoxic doses (<50μM) of H2O2, lower doses of SFN (<6μM) 
did not upregulate Klf9 and increased Prdx6 level and cell survival. 
SiRNA transfection showed Nrf2-dependent regulation of Klf9 and 
Klf9-mediated Prdx6 repression in cells treated with higher amounts 
of SFN or H2O2 (p<0.001). Promoter and ChIP assays showed that all 
four antioxidant response elements participated in upregulating Klf9, 
and three Klf9 repressive sites (CA/GCCC) were responsible to repress 
Prdx6(p<0.001). Cells overexpressing Klf9 showed increased ROS 
(~2fold) and were vulnerable to death, validating that overstimulation 
of Nrf2 caused the ROS-driven cell death by repressing Prdx6 via 
Klf9.
Conclusions: Given the hormetic shifting of SFN--low doses of 
SFN on cell survival and high doses in promotion of cell death, the 
phenomenon which occurred by unique modalities of Nrf2 action 
in cells-we propose the delivery of low doses of SFN to stimulate 
antioxidant defense to protect cells facing oxidative stress-induced 
disorders.
Commercial Relationships: Bhavana Chhunchha, None; 
Eri Kubo, None; Hiroshi Sasaki, None; Dhirendra P. Singh, None
Support: NEI, EY024589

Program Number: 3175 Poster Board Number: B0206
Presentation Time: 11:00 AM–12:45 PM
Lens-enriched transgenic expression of human aldose reductase 
(AKR1B1) upregulates inflammatory mediators in the eye
J. Mark Petrash1, Biehouy Shieh1, Kun-Che Chang1, 
Kenneth L. Jones2. 1Ophthalmology, Univ of Colorado SOM, Aurora, 
CO; 2Biochemistry & Molecular Genetics, University of Colorado 
SOM, Aurora, CO.
Purpose: 
Aldose reductase (AR), a key enzyme in the polyol pathway, is 
upregulated in the diabetic eye. Given that inflammatory markers are 
also increased in diabetes, we designed this study to test a possible 
connection between AR expression and inflammatory signaling.
Methods: Global expression profiles were determined for transgenic 
mice designed for lens-directed over-expression of human AR 
and age and sex-matched nontransgenic controls. Total RNA was 
extracted from lenses of p14 pups (n=4 for each strain) and used 
for cDNA library construction. Eight independently and uniquely 
indexed libraries were pooled and analyzed using an Illumina HiSeq 
2000 flow cell yielding a 50 cycle single end run. The resulting 
sequences from these cDNA libraries were analyzed to remove of 
low-quality bases [Phred score <15] using Python. The remaining 
sequences were mapped to Mus musculus using GSNAP. Transcript 
abundance was measured as fragments per kilobase of exon per 
million mapped reads (FPKM) using CUFFLINKS. FPKM values 
from all 8 libraries were analyzed using principal components 
analysis (PCA) to visualize the differences between samples. FPKM 
values were calculated to rank gene expression using ANOVA. 
Biological pathways and molecular networks affected by AR over-
expression were investigated using Ingenuity Pathway Analysis 
(IPA).
Results: Genes relating to inflammatory response and immune cell 
trafficking were among the most highly represented transcripts that 
were differentially expressed in the AR transgenic lens. Prominent 
examples included Ccl2 and Ccl7 (monocyte chemotactic protein-1 
and 3, resp.) increased 9.5- and 44-fold (p=1.7x10-6, 3.7x10-6, resp.), 
Cx3cl1 (a monocyte attractant) increased 4.5-fold (p=8x10-7), and 
Egr1 (a transcription factor) increased 6-fold (p=3.5x10-4). qRT-PCR 
results are consistent with RNA-seq data in fold changes of transcript 
level. The functional significance of this transcription profile was 
further confirmed by ELISA measurements of increased levels of 
Cx3CL-1 (2-fold; p<0.05), MCP-1 (4-fold; p<0.05) and VEGF  
(4.5-fold; p<0.05) in whole eye extracts from AR transgenic mice.
Conclusions: AR over-expression induces the proinflammatory 
signaling molecules in the eye
Commercial Relationships: J. Mark Petrash, None; 
Biehouy Shieh, None; Kun-Che Chang, None; Kenneth L. Jones, 
None
Support: NIH Grant EY05856 and a Department Challenge Grant 
from Research to Prevent Blindness
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Presentation Time: 11:00 AM–12:45 PM
Dapagliflozin Decrease Fructose-Induced Oxidative Stress 
Mediated by NADPH Oxidase via a SGLT-2-Dependent 
Mechanism in the Lens of Type 2 DM Model
Ying-Ying Chen3, 1, Tsung-Tien Wu3, 1, Pei-Wen Cheng2. 1National 
Yang-Ming University, Taipei, Taiwan; 2Medical Education and 
Research, Kaohsiung Veterans General Hospital, Kaohsiung, Taiwan; 
3Ophthalmology, Kaohsiung Veterans General Hospital, Kaohsiung, 
Taiwan.
Purpose: Great deals of studies have demonstrated that chronic 
hyperglycemia-induced overproduction of reactive oxygen species 
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(ROS) played a central role in the pathogenesis of diabetic cataract. 
Dapagliflozin is a sodium-glucose cotransporter 2 (SGLT2) inhibitor 
indicated as an adjunct treatment of type 2 diabetes mellitus. The aim 
of the present study was to determine the effects of the Dapagliflozin 
in the rat lens epithelial cell on the eyes of fructose-induced diabetes.
Methods: Both the fructose-fed group and the treatment group were 
fed with 10% fructose for 12 weeks and the treatment group was 
treated with Dapagliflozin (1.2 mg/day) beginning at week 10 to 
12. Besides, serum fasting glucose level of the rats was measured 
by Clinical Chemistry Analyzer. Immunoblotting analyses were 
used to quantify protein levels including NADPH oxidase subunits 
p67-phox, glucose transporter 1 (GLUT1) and glucose transporter 5 
(GLUT5) in the rat lens epithelial cell. All data were expressed as the 
mean ± SEM (n=12 for each group). A one-way analysis of variance 
(ANOVA) with Scheffe’s post hoc comparison was employed to 
compare the group differences.
Results: The protein levels in fructose-fed group showed a significant 
increase in NADPH oxidase subunits p67-phox (7.9 ± 0.1 vs. 7.3 ± 
0.3, *P=0.05), GLUT1 (3.4 ± 0.4 vs. 2.3 ± 0.1, *P=0.05) and GLUT5 
(4.6 ± 0.5 vs. 0.2 ± 0.06, *P=0.03) after feeding fructose for 12 weeks 
compared to control group by immunoblotting analyses. However, 
the protein levels of p67-phox (6.0 ± 0.8 vs.7.9 ± 0.1, *P=0.05), 
GLUT1 (1.4 ± 0.4 vs. 3.4 ± 0.4, *P=0.05) and GLUT5 (1.2 ± 0.2 vs. 
4.6 ± 0.5, *P=0.03) were significantly decreased in Dapagliflozin-
treated group compared with fructose-fed groups.
Conclusions: Collectively, fructose increased NADPH oxidase 
subunits p67-phoxin, GLUT1 and GLUT5 in the rat lens epithelial 
cell, while treatment with Dapagliflozin reversed the effect in the rat 
lens epithelial cell of fructose-induced diabetes. These novel findings 
suggest that the Dapagliflozin may be a potential pharmacological 
candidate for preventing diabetic cataract.
Commercial Relationships: Ying-Ying Chen; Tsung-Tien Wu, 
None; Pei-Wen Cheng, None

Program Number: 3177 Poster Board Number: B0208
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UVR-B irradiation induces NKR-1 upregulation in ocular tissues 
in vivo
Janine Groß1, Alfred R. Wegener1, Martin Kronschlaeger2, 
Carl-Ludwig Schoenfeld3, 4, Frank G. Holz1, Linda M. Meyer3, 1. 
1Ophthalmology, University of Bonn, Bonn, Germany; 2Department 
of Ophthalmology, Hanusch Hospital, Vienna, Austria; 3Herzog 
Carl Theodor Eye Clinic, Munich, Germany; 4Ludwig-Maximilian 
University Eye Clinic, Munich, Germany.
Purpose: Investigation of neurokinin receptor-1 (NKR-1) expression 
in ocular tissues following unilateral UVR-B irradiation in vivo in a 
mouse model.
Methods: Six-week-old C57Bl/6 mice were unilaterally exposed 
to a 3.2-fold and 5-fold cataract threshold dose (0.94 J/cm2; 1.45 
J/cm2) of UVR-B. UVR-B irradiation in the 300-nm wavelength 
region (UVR-B peak at 312 nm) was performed in mydriasis using 
a Bio-Spectra system. After latency periods of 3 and 7 days post 
exposure, eyes were fixed in 4% paraformaldehyde, embedded in 
paraffin, sectioned and stained with fluorescence coupled antibody 
for substance P receptor (NKR-1) and DAPI for cell nuclei staining. 
The same was performed in animals receiving only anaesthesia but 
no UVR-B exposure. The concentration of NKR-1 in ocular tissue 
lysates of exposed and contralateral eyes was quantified by enzyme-
linked immunosorbent assay (ELISA). All animal experiments 
were conducted according to the regulations of the German 
Tierschutzgesetz and the ARVO declaration of the use of animals in 
eye and vision research.

Results: UVR-B exposure induced NKR-1 upregulation after 7 
days in the exposed and contralateral eyes in the epithelium and 
endothelium of the cornea, in the endothelial cells of the iris vessels, 
in the anterior lens epithelium, in the nuclear bow epithelium of 
the lens, pronounced in the inner plexiform layer of the retina. 
Furthermore, NKR-1 upregulation of exposed and unexposed eyes 
were detected after 3 days in the iris and anterior lens epithelium.
Conclusions: Neurokinin-1 receptor is present ubiquitously in 
ocular tissues and UVR-B exposure triggers NKR-1 upregulation 
in the exposed and unexposed eye. The involvement of 
inflammation in ultraviolet radiation induced cataract and the role 
of neuroinflammatory peptides such as substance P and its receptor, 
NKR-1, needs further investigation.
Commercial Relationships: Janine Groß, None; 
Alfred R. Wegener, None; Martin Kronschlaeger, None;  
Carl-Ludwig Schoenfeld, None; Frank G. Holz, NightstarX (F), 
Boehringer-Ingelheim (C), Allergan (F), Thea (C), Allergan (R), 
Bioeq (C), Optos (F), Heidelber Engineering (R), Zeiss (F), Acucela 
(F), Genentech/Roche (R), Novartis (C), Heidelberg Engineering 
(F), Novartis (R), Bayer (C), Bayer (R), Heidelberg Engineering (C), 
Novartis (F), Pixium (F), Merz (C), Acucela (C), Genentech/Roche 
(C), Genentech/Roche (F), Bioeq (F), Bayer (F); Linda M. Meyer, 
None
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Function of Thioltransferase in Human Lens Epithelial Cells 
under Ultraviolet Radiation
Jie Zhang, Xiaoliang Zheng, Hong Yan. Department of 
Ophthalmology, Tangdu Hospital, Xi’an, China.
Purpose: To investigate the effect of the important antioxidant role 
of thioltransferase (TTase) in the human lens epithelial cells (HLECs) 
in response to ultraviolet radiation (UV) and to study the signaling 
characteristics of JNK-signaling pathway in UV-induced cataract.
Methods: Small interfering RNA (siRNA) targeting against human 
TTase gene transfected into HLECs. The effective siRNA could be 
determined by semi-quantitative reverse transcription PCR. Then the 
HLECs were exposed to UV (500J/m2, 15min), and photographed 
to detect morphologic changes. TTase and Trx protein or enzyme 
activities, PSSG expression were examined. UV induced HLECs 
were treated with the JNK inhibitor SP600125. Cell proliferation was 
determined by MTT assay. The expression of TTase, JNK, and AP-1 
were examined.
Results: The growth of TTase siRNA HLECs exposure to UV 
radiation was reduced by 20% compared with control cells. The 
GSH level was decreased, and PSSGs were elevated in both groups 
after UV exposure, but more prominent in the TTase siRNA HLECs. 
TTase and Trx activity and protein expression were elevated after UV 
exposure in the control cells, but they decreased extensively in the 
TTase siRNA HLECs. TTase activity and protein expression showed 
a significant decrease in UV induced HLECs which were were treated 
with the JNK inhibitor SP600125 compared with control group (no 
oxidative stress). This was associated with a reduction in JNK protein 
expression, as well as a reduction in AP-1.
Conclusions: These results indicate that TTase likely provided 
oxidation damage repair in UV-induced cataract and the activation of 
TTase under UV radiation depends on JNK-AP-1 signaling pathway.
Commercial Relationships: Jie Zhang; Xiaoliang Zheng, None; 
Hong Yan, None
Support: Natural Science Foundation of China No 81300743
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Inhibition of HDAC6 suppresses epithelial–mesenchymal 
transition of lens epithelial cells through increasing α-tubulin 
acetylation
Shan Huang, Liping Wang, Xiaoxian Lu, Baoxin Chen, Jieping Chen, 
Yizhi Liu. State Key Laboratory of Ophthalmology, Zhongshan 
Ophthalmic Center, Sun Yat-sen University, Guangzhou, China.
Purpose: Epithelial–mesenchymal transition (EMT) of lens epithelial 
cells are causally associated with anterior subcapsular cataract and 
posterior capsular opacification, which are critical causes of visual 
disorder. The objective of this work is to investigate the effect and 
mechanism of Histone deacetylase 6 (HDAC6), a tubulin-associated 
deacetylase, on epithelial–mesenchymal transition of lens epithelial 
cells.
Methods: The human lens epithelial cells (HLECs), SRA01/04, 
were transfected with small interfering RNAs (siRNA) of HDAC6 
to inhibit HDAC6 expression, and treated with tubacin (5 μM), 
a deacetylase inhibitor, to suppress the deacetylation activity of 
HDAC6, respectively. After transfection of siRNA or treatment with 
tubacin, cells were cultured in the presence or absence of TGF-β2 
(5 ng/mL) for 24-48 hours. The acetylated α-tubulin levels were 
detected by western blot and immunofluorescence staining. EMT 
markers, such as fibronectin (FN), collagen IV (Col IV) and α smooth 
muscle actin (α-SMA), were investigated at mRNA and protein 
levels by real-time PCR, western blot, as well as immunofluorescence 
staining analysis.
Results: The acetylated α-tubulin levels in HLECs were significantly 
increased after HDAC6 expression inhibition or deacetylase 
inactivation by tubacin treatment. Compared to the control group, 
both mRNA and protein expression levels of EMT markers (FN, Col 
IV and α-SMA) were decreased in HLECs of the HDAC6-siRNA 
transfected group, as well as the tubacin treated group.
Conclusions: Inhibition of HDAC6 expression could suppress 
the EMT of HLECs through promoting acetylation of α-tubulin, 
indicating that α-tubulin deacetylase might be a potential drug target 
for the prevention and treatment of anterior subcapsular cataract and 
posterior capsular opacification.
Commercial Relationships: Shan Huang, None; Liping Wang, 
None; Xiaoxian Lu, None; Baoxin Chen, None; Jieping Chen, 
None; Yizhi Liu, None
Support: National Natural Science Foundation of China (No. 
81300749)
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Micro RNA Upregulation in Diabetic lens
Shambhu D. Varma, Krish Chandrasekaran. Ophthal & Visual Sci & 
Biochem, Univ of Maryland Sch of Med, Baltimore, MD.
Purpose: Oxidative stress is considered to be a major contributor 
to the pathogenesis of cataracts.. However, it is unknown how does 
oxidative stress deplete the endogenous antioxidant response pathway 
in the lens. We tested if this could be related to the upregulation of 
microRNAs and consequent silencing of transcription of antioxidant 
enzymes and NrF-2. The purpose of this investigation was thus to 
study the microRNA profile in diabetic lens.
Methods: Studies were done with lenses isolated from C57bl/6 
mice rendered diabetic by streptozotocin (IV, 75mh/kg) for two 
consecutive days. Blood glucose varied 250-350 mg/dl. Eyes were 
enucleated after six weeks. The lenses from each mouse were pooled, 
frozen, RNA isolated and cDNAs were prepared. The miRs profile 
was then determined by Quantitative PCR array using QIAGEN miR 

finder (MIMM-001Z). The results were then expressed as fold ratios 
between the diabetic and normal lenses.
Results: At least six miRs, namely miR-142p, miR-146a-5p, 
miR-200c-3p, miR374a-5p and miR-144-3p were significantly 
upregulated in the diabetic lenses, the fold ratios being 5.53, 2.16, 
30, 21, 2.45, 3.78 and 9, 17 respectively. Upregulation values above 
2 were considered significant. Functionally, based on sequence based 
information, upregulation of 200-c is expected to inhibit cellular 
differentiation, previously well noted histologically to be inhibited 
with cataract formation. The upregulation of miR-144 links with the 
down regulation of Nrf-2 involved in the transcription of antioxidant 
enzymes including thioredoxin reductase. The results thus correlate 
with our previous findings showing down regulation of this enzyme 
in the lenses exposed to oxidative stress and its normalization with 
sulforaphane. The significance of the changes in other miRs which 
are primarily immune-regulatory is not apparent in the lens.
Conclusions: The results demonstrate for the first time induction of 
these miRs in diabetic lenses. The specificity of their targets in terms 
of inhibition of the transcription of various antioxidant proteins in the 
diabetic lens and cataract formation are under progress.
Commercial Relationships: Shambhu D. Varma; 
Krish Chandrasekaran, None
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Role of TNF alpha in senile, diabetic and traumatic cataract
Eduardo Sebastian Arellano Arias, Atzin Robles-Contreras, 
Ana B. Medina-Perez. Fundacion Hospital Nuestra Se�ora de la Luz, 
Mexico, Mexico.
Purpose: Study Tumor Necrosis Factor alpha (TNF-a) levels in 
aqueous humor of patients with clinical diagnosis of senile, diabetic 
and traumatic cataract.
Methods: Samples of aqueous humor of patients with clinical 
diagnosis of senile, diabetic and traumatic cataract were collected. 
TNF-a was quantified by ELISA. Results were analyzed with 
student’s t test.
Results: Average concentration of TNF alpha was 180.239 ± 
97.80pg/ml in senile cataracts, 185.656 ± 116.431pg/ml in diabetic 
cataracts and 254.935 ± 220.471pg/ml in traumatic cataracts. There 
was no statistical difference between senile and diabetic cataracts 
(p=0.453), senile and traumatic cataracts (p=0.310), or diabetic and 
traumatic cataracts (p=0.322).
Conclusions: Due to comparable values of TNF-a in aqueous humor 
of senile, diabetic and traumatic cataracts, knowing there is an 
overexpression of Tumor Necrosis Factor receptor (TNFR) in diabetic 
and traumatic cataracts, we propose an upregulation of TNFR in 
diabetic and traumatic cataracts. This would justify a predominant 
inflammatory mechanism in diabetic and traumatic cataract. Thus, we 
propose that senile cataracts have a different immunophysiopathology 
from diabetic and traumatic cataract.
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Commercial Relationships: Eduardo Sebastian Arellano Arias, 
None; Atzin Robles-Contreras, None; Ana B. Medina-Perez, None
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Potential of CeCl3@mSiO2 Nanoparticles in Alleviating Diabetic 
Cataract Development and Progression
Jin Yang, Lei Cai, Qi Fan, Yi Lu. Department of Ophthalmology, Eye 
and ENT Hospital, Fudan University, Shanghai, China.
Purpose: Cataract is a major cause of visual impairment for diabetic 
patients. It is imperative to develop efficient therapeutic agents 
against diabetic cataract (DC) because diabetes confers higher 
risk for complications after cataract surgery. We have previously 
reported the role of CeCl3 loaded mesoporous silica (CeCl3@mSiO2) 
nanoparticles in reducing the oxidative stress of lens epithelial cells. 
However, the potential of CeCl3@mSiO2 in preventing diabetic 
cataract development remains unclear. This study aimed to evaluate 
the potential of silica-CeCl3 nanoparticles in the treatment of diabetic 
cataract in an animal model in vivo.
Methods: Male Wistar rats were injected intraperitoneally with 
citrate buffer to serve as controls or streptozotocin (STZ) to develop 
diabetic cataract lesions. Those animals with blood glucose levels 
≥14 mmol/l 7 days after STZ induction were regarded diabetic 
and treated intraperitoneally with physiological saline (n=20), 
aminoguanidine at10 mg/kg (n=20), and silica-CeCl3 nanoparticles 
at 10 mg/kg (n=20) or 20 mg/kg (n=20), respectively, for 10 weeks, 
during which hyperglycemia-associated cataract progression was 
assessed by slit lamp biomicroscopy. At the end of the 10-week 
treatment, animals were sacrificed and oxidative stress and alterations 
in crystallin protein content in the lens were assessed, and blood 
levels of glucose and insulin were determined.
Results: Silica-CeCl3 nanoparticels delayed cataract progression 
and maturation more effectively than aminoguanidine but failed to 
prevent STZ-induced hyperglycemia. Silica-CeCl3 nanoparticels 
also effectively reversed STZ-induced changes in lipid peroxidation 
as well as protein contents and activities of major antioxidant 
enzymes. Moreover, silica-CeCl3 nanoparticles effectively prevented 
aggregation and insolubilization of lens proteins due to formation of 
advanced glycated end product (AGE). Animals well tolerated the 
10-week administration of silic-CeCl3.
Conclusions: Our results showed that CeCl3@mSiO2 efficiently 
ameliorated the progression of DC. Consistent with antioxidant 
effect of CeCl3@mSiO2 in vitro, administration of CeCl3@mSiO2 
significantly abrogated hyperglycemia-mediated upregulation of 
advanced glycation end products, lipid peroxidation and protein 
carbonylation in animal lens. Taken together, our study provides a 
potential nanodrug to manage the development of DC.

Commercial Relationships: Jin Yang; Lei Cai, None; Qi Fan, 
None; Yi Lu, None

Program Number: 3183 Poster Board Number: B0214
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Gene Expression analysis of atopic cataract
Sari Miyachi1, Kanae Kobayashi1, Yosuke Asada1, Satoshi Iwamoto1, 
Toshinari Funaki1, Satoru Nakatani1, Nobuyuki Ebihara2, 
Akira Matsuda1. 1Department of Ophthalmology, Juntendo University 
School of Medicine, Tokyo, Japan; 2Department of Ophthalmology, 
Juntendo Urayasu Hospital, Chiba, Japan.
Purpose: To clarify the pathophysiology of atopic cataract, we 
carried out genomewide expression analysis and further examined the 
roles of differentially expressed genes.
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Methods: Four anterior capsules were obtained from atopic cataract 
patients with subcapsular cataract formation. Total RNA was 
extracted and genome wide gene expression analysis was carried 
out using Agilent SurePrint Human Gene Expression array. Anterior 
capsular tissue obtained from senile cataract patients were used as 
control. Realtime PCR and immunohistochemical analysis were 
performed using additional samples.
Results: The results of genomewide gene expression analysis showed 
57 genes (including TNFRSF12A and MGP) were hyperexpressed 
(P<0.05), and 58 genes (including CRIP1) were hypoexpressed 
(P<0.05) in the anterior capsule of atopic cataract. Among the 
detected genes, increase of matrix gla protein (MGP) expression is 
confirmed using replicative samples by realtime PCR analysis. We 
further examined immunohistochemical localization of carboxylated 
MGP (suppressor of tissue calcification) and uncarboxylated (uc)
MGP (lost the suppressive function of tissue calcification) protein 
and find that ucMGP accumulated only in the anterior stromal opacity 
region.
Conclusions: Alteration of MGP gene expression and conformational 
changes of MGP protein may be relevant to anterior subcapsular 
cataract induced by atopic diseases.
Commercial Relationships: Sari Miyachi, None; 
Kanae Kobayashi, None; Yosuke Asada, None; Satoshi Iwamoto, 
None; Toshinari Funaki, None; Satoru Nakatani, None; 
Nobuyuki Ebihara, None; Akira Matsuda, None

Program Number: 3184 Poster Board Number: B0215
Presentation Time: 11:00 AM–12:45 PM
The Comparative Lens non-crystallin Disulfidome of LEGSKO 
Mouse and Human Cataract
Vincent M. Monnier1, Benlian Wang2, Xingjun Fan3. 1Pathology & 
Biochemistry, Case Western Reserve Univ, Cleveland, OH; 2Case 
Center for Proteomics and Mass Spectrometry, Case Western Reserve 
University, Cleveland, OH; 3Pathology, Case Western Reserve 
University, Cleveland, OH.
Purpose: Glutathione (GSH) is the most abundant anti-oxidative 
compound found in the lens. In age-related nuclear cataract (ARNC) 
GSH levels are impaired and accompanied with increased oxidation, 
protein disulfide formation and protein cross-link. We recently found 
that the lens crystallin disulfidome was evolutionarily conserved in 
human and glutathione depleted mouse (LEGSKO) cataracts and 
that it could be mimicked by oxidation in vitro<!--[endif]---->(Fan 
et al. 2015). We have now used the same approach to determine 
all the disulfide-forming non-crystallin proteins identified by ICAT 
proteomics. <!--![endif]---->
Methods: Young, aged normal and level II to V (based on LOCS 
III) human cataract lenses were collected and the cysteine residues 
involving in disulfide formation was mapped by isotope-coded 
affinity-tag (ICAT) profiling method, and was compared with 
LEGSKO cataract mouse lenses as well as the in vitro model of 
crystallin aggregation and opacification by H2O2 oxidation. Only non-
crystallin proteins were reported in this study.
Results: 74, 50, and 54 disulfide forming proteins were identified 
in the human and mouse cataracts and the in vitro oxidation model, 
respectively. 17 were common to all three groups. 38-45% of 
identified disulfide forming proteins are those with catalytic activity, 
and 24-30% of disulfide forming proteins are lens structural proteins. 
Enzymes with oxidized cysteine at critical sites include GAPDH 
(hGAPDH, Cys247), glutathione synthase (hGSS, Cys 294), 
aldehyde dehydrogenase (hALDH1A1, Cys126 and Cys186), sorbitol 
dehydrogenase (hSORD, Cys140, Cys165 and Cys179), and PARK7 
(hPARK7, Cys46 and Cys53). Extensive oxidation was also present 
in lens specific intermediated filament proteins, such as BFSP1&2 

(hBFSP1&2, cys167, cys65 and Cys326), vimentin (mVim, cys328), 
cytokeratins, as well as microfilament and microtubule filament 
proteins, such as tubulin and actins.
Conclusions: While the biological impact of these modifications for 
lens physiology remains to be determined, many of these oxidation 
sites have already been associated with either impaired metabolism 
or cytoskeletal architecture, strongly suggesting that they have a 
pathogenic role in cataractogenesis.
Commercial Relationships: Vincent M. Monnier, None; 
Benlian Wang, None; Xingjun Fan, None
Support: EY 07099(VMM), EY024553 (XF) and the VSRC grant 
P30EY-11373
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Decreased levels of reduced glutathione in the lens and lens 
epithelial cells promote epithelial-mesenchymal transition (EMT) 
via activating Wnt signaling
Zongbo WEI, Xingjun Fan. pathology, Case Western Reserve Univ., 
Cleveland, OH.
Purpose: The hallmarks of posterior capsular opacification (PCO) are 
lens epithelial cell proliferation, migration, and transdifferentiation, 
with the involvement of growth factors and cytokine, such as TGF-
β. The lens maintains unusually high level of glutathione (GSH), 
particularly in lens epithelial layer and outer cortex regions, while 
no GSH is present in intraocular lens (IOL). We hypothesize that the 
residue lens epithelial cells after cataract surgery lose its interaction 
with native lens GSH and are therefore exposed to oxidative stress 
conditions, which promotes epithelial-mesenchymal transition 
(EMT).
Methods: The protein levels of the EMT markers αSMA, vimentin 
and collagen 1 were determined in both wild type and glutathione 
biosynthesis deficiency (Gclc-/- or Gclm-/-) mice lenses. The EMT 
markers were also investigated in HLE-B3 cells, primary cultured pig 
lens epithelial cells (PLECs) and ex vivo mouse lens culture with or 
without the treatment of buthionine sulphoximine (BSO) or Dimethyl 
fumarate (DMF). In vivo tests were achieved by mouse lens anterior 
capsule puncture and mock cataract surgery models. The glutathione 
ethyl ester (GSH-EE) or N-acetylcysteine (NAC) was used both in 
vitro and in vivo as rescue effort to restore redox state. Wnt signaling 
cascades were titrated in both in vitro and in vivo models.
Results: Our data indicated that there was a dramatic increase 
of αSMA in LEGSKO mice lenses compared to wild type mice 
(p<0.05). EMT markers, αSMA, vimentin and collagen1 were also 
significantly elevated in HLE-B3 cells and primary cultured pig lens 
epithelial cells (PLECs) under BSO treatment. Immunocytochemistry 
stain demonstrated remarkable elevation of αSMA expression in 
mouse lens epithelial explant culture after treatment with 500μM 
BSO compared to vehicle controls. Immunofluorescent (IF) staining 
of injured lens anterior capsule whole-mounts revealed high 
expression of EMT markers in LEGSKO mice vs. wild type mice 
lenses. In addition, either BSO or TGFβ induced EMT markers could 
be ameliorated by GSH-EE or NAC treatment. Mechanistic pathway 
analysis indicated the involvement of Wnt signaling cascades.
Conclusions: These results implicate that survival signaling 
pathways involved in oxidative stress adaptive response may play 
a critical role in residual epithelial cells transdifferentiation after 
cataract surgery.
Commercial Relationships: Zongbo WEI; Xingjun Fan, None
Support: EY024553, P30EY-11373
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Metformin inhibits epithelial-to-mesenchymal transition in an in 
vitro model of posterior capsule opacification
Jade Lasiste, Denise Miyamoto, Pablo Zoroquiain, Sabrina Bergeron, 
Miguel N. Burnier, Christina Mastromonaco. McGill University 
Health Centre, Montreal, QC, Canada.
Purpose: Posterior capsule opacification (PCO) is the most common 
complication after cataract surgery, affecting up to 50% of patients 
2-5 years post-operatively. Epithelial-to-mesenchymal transition 
(EMT) is the main pathophysiology underlying PCO. Metformin, a 
drug with an excellent safety profile used primarily for diabetes, has 
been shown to suppress EMT. The objective of this study was to test 
the effectiveness of metformin in inhibiting EMT in an in vitro model 
of PCO.
Methods: The human lens epithelial cell (LEC) line HLE-B3 was 
exposed to transforming growth factor-beta (TGF-β) and fibroblast 
growth factor (FGF) to induce EMT. Subsequently, the effect of 
metformin on the following cellular parameters were determined: 
(1) survival, using a viability assay and drug concentrations from 
0-100 mM; (2) expression of epithelial (pax6, E-cadherin) and 
mesenchymal (α-smooth muscle actin or α-SMA, fibronectin) 
markers via Western blot; (3) morphology, via microscopy and image 
analysis; (4) and migration, using the wound assay. The presence 
of OCT1, the receptor for metformin uptake, and the ratio of active 
to inactive protein kinase B (pAkt/Akt), were assessed via Western 
blot. OCT1 expression was confirmed with immunohistochemistry 
on donor eyes. Statistical analysis of variance with Tukey post-hoc 
test was done for analysis of cytotoxicity, morphology and migration 
data.
Results: Metformin is lethal to half (LC50) and all (LC100) cells at 30 
and 80 mM, respectively. A decrease in viability (P<0.05) was noted 
at 5 mM. Compared to controls, EMT-induced LECs treated with 1 
mM metformin showed increased pax6 and E-cadherin and decreased 
α-SMA and fibronectin expression. LECs treated with metformin also 
maintained roundness and circularity consistent with their epithelial 
phenotype. In addition, migration was significantly inhibited with 
0.5 mM metformin (P<0.05). HLE-B3 and LECs from donor eyes 
expressed OCT1, and treated cells showed a decreased pAkt/Akt 
ratio.
Conclusions: Metformin inhibits EMT in LECs, decreasing survival 
and migration and maintaining epithelial phenotype. Findings suggest 
that metformin entry into the cell is through the OCT1 receptor, its 
action mediated via decreased Akt activation. Metformin thus has 
potential as an adjunct to treatment. Toxicity to proximal eye tissues 
and effectiveness in vivo must be tested to determine dose, route and 
timing of administration.
Commercial Relationships: Jade Lasiste, None; Denise Miyamoto, 
None; Pablo Zoroquiain, None; Sabrina Bergeron, None; 
Miguel N. Burnier, None; Christina Mastromonaco, None
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β-catenin/Smad3 interaction regulates epithelial to mesenchymal 
transition in the lens
AFTAB TAIYAB, Judith A. West-Mays. Pathology and Molecular 
Medicine, McMaster University, Hamilton, ON, Canada.
Purpose: Posterior Capsular Opacification (PCO) or secondary 
cataract is a common postoperative complication following cataract 
surgery that results in blindness. Previous reports show that TGFβ-
induced Epithelial to Mesenchymal (myofibroblast) Transition (EMT) 
is involved in PCO. However, the signaling events that lead to EMT 
during TGFβ-induced PCO are not fully understood. Here, we have 

examined the role of interaction between β-catenin and Smad3 in 
regulation of EMT in TGFβ stimulated LECs. We hypothesize that 
the interaction between β-catenin and Smad3 is indispensable during 
TGFβ-induced EMT in lens.
Methods: Wistar rats 17-19 days old were sacrificed by asphyxiation 
and their eyes were removed. Lens epithelial explants were prepared 
by dissecting out the posterior lens fiber cell mass, leaving the 
anterior epithelium intact on the capsule. Explants were cultured 
in serum free medium with or without TGF-β2, and TGF-β2 
in combination with the β-catenin/CBP interaction inhibitor, 
ICG-001, or the Smad3 inhibitor, SIS3, for 48 hrs. Western blot 
and immunofluorescence analysis was carried out and data was 
statistically analyzed using Graphpad Prism.
Results: Western blot and Immunofluorescence analyses revealed a 
decrease in expression of the known EMT marker, αSMA, along with 
an absence in stress fiber formation upon inhibition of TGFβ-induced 
Smad3 activation by SIS3. In addition, inhibition of Smad3 activation 
abrogated TGFβ-induced expression of fascin, an actin bundling 
protein that facilitates stress fiber formation. Inhibition of β-catenin/
CBP-dependent signaling, by ICG-001 as well as inhibition of Smad3 
activation suppressed nuclear translocation of myocardin-related 
transcription factor (MRTFa), the major transcription factor that 
regulates cytoskeletal remodeling during EMT.
Conclusions: The fact that inhibition of TGFβ-induced Smad3 
activation resulted in a decrease in the expression of αSMA and 
fascin along with decrease in stress-fiber formation indicates that 
Smad3 is important for transformation of LECs into myofibroblasts. 
The absence of nuclear MRTFa upon inhibition of either β-catenin 
or Smad3 shows the requirement of both β-catenin and Smad3 in 
translocation of MRTFa to the nucleus.
Commercial Relationships: AFTAB TAIYAB, None; 
Judith A. West-Mays, None
Support: NIH EY017146
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EGFR signaling promotes TGFβ-dependent  
epithelial-mesenchymal transition (EMT) in the lens
Daisy Shu1, 2, Frank J. Lovicu1, 2. 1Discipline of Anatomy & Histology, 
University of Sydney, Bosch Institute, Camperdown, NSW, Australia; 
2Discipline of Clinical Ophthalmology and Eye Health, Save Sight 
Institute, Sydney, NSW, Australia.
Purpose: Epithelial-mesenchymal transition (EMT) of lens epithelial 
cells (LECs) plays a crucial role in the pathogenesis of anterior 
subcapsular cataract (ASC) and posterior capsular opacification 
(PCO). While transforming growth factor-beta (TGFβ) is a potent 
inducer of EMT in the lens, studies in cancer research have shown 
that the effects of TGFβ can be augmented by the addition of 
epidermal growth factor (EGF). The present study aims to investigate 
the combined effect of TGFβ and EGF in the lens to elucidate the 
involvement of EGF receptor (EGFR)-signaling in TGFβ-induced 
EMT in LECs.
Methods: Lens epithelial explants from 21-day-old Wistar rats 
were cultured for up to five days with either 200 pg/ml TGFβ2, 5 
ng/ml EGF, or a combination of these, with or without a 2-hour 
pre-treatment with 50 nM PD153035 (EGFR inhibitor). Expression 
of β-catenin, alpha-smooth muscle actin (α-SMA), tropomyosin 
(isoforms 1.6-1.9) and downstream signaling molecules, including 
phosphorylated EGFR, Smad2/3 and MAPK/ERK1/2 were 
determined using immunofluorescence and/or western blotting. Cell 
morphology was examined using phase-contrast microscopy.
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Results: Compared to TGFβ2 alone, the combined treatment of LECs 
with TGFβ2 and EGF resulted in a more dramatic morphological 
elongation and transdifferentiation into myofibroblastic cells. Cells 
treated with EGF alone retained their epithelial phenotype. The 
addition of EGF augmented the expression levels of α-SMA and 
tropomyosin compared to TGFβ2 alone. Treatment with TGFβ2 alone 
upregulated the phosphorylation of Smad2/3, ERK1/2 and the EGF 
receptor. Interestingly, pharmacologic inhibition of EGFR-signaling 
using PD153035 inhibited TGFβ2-induced upregulation of α-SMA 
and tropomyosin, with retention of β-catenin labeling to the cell 
membrane. PD153035 also prevented cell elongation, lens capsular 
wrinkling and cell loss associated with TGFβ2-induced EMT over the 
five-day culture period.
Conclusions: Our findings demonstrate that TGFβ2 cooperates 
synergistically with EGF to enhance EMT in LECs. Moreover, as 
TGFβ2 alone can transactivate EGFR signaling, and EGFR-signaling 
is required for TGFβ2 activity, we reveal a novel mechanism in the 
pathogenesis of ASC and PCO. Hence, by targeting both TGFβ2 
and/or EGFR activity, this may be a more efficacious strategy in the 
pharmacologic treatment of cataract.
Commercial Relationships: Daisy Shu, None; Frank J. Lovicu, 
None
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A role for the focal adhesion kinase in TGF-β2 induced cell 
migration in human lens epithelial cells
Jie Liu, Jingming Li, Dan Xu, Yongping Shao, Cheng Pei. Xi’an 
jiaotong university, Xi’an, China.
Purpose: The role of activated focal adhesion kinase (FAK) signaling 
pathway in posterior capsule pacification (PCO) remains unclear. 
Fibronectin, a component of the extracellular matrix, was previously 
reported to secrete increasingly induced by transforming growth 
factor (TGF-β2) and interact with integrins on the cell surface. We 
tested the hypothesis that FAK plays a role in TGF-β2 induced 
migration in human lens epithelial cells, which was mediated by 
fibronectin.
Methods: The HLE-B3 cells, a human lens epithelial cell line, was 
incubated with TGF-β2 (5ng/ml). The expression of fibronectin, 
p-FAK and FAK were determined by western-blot analysis and 
expression of integrin α5β1 on the cell surface were detected by flow 
cytometry. HLE-B3 cells were seeded on culture surface coated with 
fibronectin (10μg/ml,50μg/ml), polylysine or collagen. Cell adhesion 
were quantified by crystal violet staining (0.5%). Cell migration 
capacity were measured by wound-healing assay and transwell 
migration assay in presence or absence of a FAK inhibitor, fibronectin 
RNA interference or RGD, which inhibits interaction of integrin and 
fibronectin. T-test was used for statistical analysis.
Results: TGF-β2 promoted HLE-B3 cell migration in a dose-
dependent manner. TGF-β2 upregulated fibronectin expression 
(p = 0.007), which was followed by increased phosphorylation 
of FAK (p = 0.001). Meanwhile, we found that integrin α5β1 
was abundantly expressed on cell surface. Disrupting intergrin-
fibronection interaction by RGD reduced TGF-β2-induced cell 
migration. Moreover, cell adhesion (1.50±0.17, p = 0.030), migration 
(2.25±0.10, p = 0.0007) and p-FAK expression (2.64±0.03, p = 
0.0002) were markedly increased on a fibronectin-coated surface 
compared to polylysine-coated or collagen-coated ones, which was 
abolished by RGD treatment. Suppression of FAK signaling by its 
inhibitor or fibronectin SiRNA attenuated TGF-β2-induced HLE-B3 
migration (p = 0.0001).

Conclusions: Our results are consistent with our hypothesis that 
TGF-β2 can induce phosphorylation of FAK and, subsequently, 
promote cell migration, which was mediated by fibronectin in human 
lens epithelial cells.
Commercial Relationships: Jie Liu, None; Jingming Li, None; 
Dan Xu, None; Yongping Shao, None; Cheng Pei, None
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α9 Integrin-Vimentin Linked Pathways are Positioned for 
Important Roles in the Regulation of Wound Healing and 
Fibrosis
Alhanoof A. Alnwibit, Brigid Bleaken, A Sue Menko, 
Janice L. Walker. Thomas Jefferson University, Philadelphia, PA.
Purpose: While vimentin intermediate filaments and the α9 integrin 
receptor have been linked to pathways that are involved either in 
regulating wound healing or promoting fibrosis, the cooperative 
function of these molecules in these processes has not been studied. 
We investigated this possibility in a physiologically relevant ex vivo 
mock cataract surgery culture model of wound healing and fibrosis.
Methods: Our mock cataract surgery ex vivo cultures are a clinically 
relevant model of tissue injury. The epithelial wound created in the 
center of the endogenous basement membrane of the lens capsule by 
removal of the lens fiber cells, termed the Central Migration Zone 
(CMZ), is repaired within 3 days in culture. This repair process is 
directed by a population of mesenchymal leader cells. At the outside 
edge of the explants mesenchymal leader cells also direct lens 
epithelial cells to migrate off of the capsule onto the culture substrate, 
the ExtraCapsular Zone (ECZ), a rigid environment that promotes 
emergence of myofibroblasts and fibrosis. This model recapitulates 
the major features the lens fibrotic disease Posterior Capsule 
Opacification (PCO). Expression and localization of α9 integrin and 
vimentin and their potential relationship in both the CMZ and ECZ 
were determined by co-immunofluorescence staining. To determine 
whether there was an interaction between α9 integrin and vimentin 
and where that occurred, we used the Polymerase Ligation Assay 
(PLA). PLA is a highly sensitive and specific assay that reveals 
whether protein-protein interactions occur in close proximity, within 
30-40nm, in situ.
Results: Our studies revealed that the leader cell population that 
directs wound healing in the CMZ and transitions to a myofibroblast 
phenotype in the ECZ is enriched for both vimentin and α9 integrin. 
These molecules are linked in the leader cells during the process of 
wound repair in the CMZ, but not after the wound closes. α9 integrin 
became linked to vimentin in leader cells as they differentiate to 
myofibroblasts in the ECZ, a property maintained in the expanding 
myofibroblast population at the wound edge.
Conclusions: Our studies reveal for the first time that α9 linkage to 
vimentin could regulate leader cell function in migration following 
wounding and play a role in myofibroblast emergence in fibrotic 
disease.
Commercial Relationships: Alhanoof A. Alnwibit, None; 
Brigid Bleaken, None; A Sue Menko, None; Janice L. Walker, 
None
Support: NIH EY021784
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Downregulation of Syndecan-4 prevent injury-induced capsule 
opacification in mouse
Yingyan Qin, Furong Luo, Min Hou, Xuan Bao, Yi Zhu, Mingxing Wu. 
The State Key Laboratory of Ophthalmology, Zhongshan Ophthalmic 
Center, Sun Yat-sen University, Guangzhou, China.
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Purpose: The proliferation, migration, adhesion and epithelial-
to-mesenchymal transition of lens epithelium cells (LECs) are the 
typical pathological changes during posterior capsule opacification 
(PCO), the most common complication after cataract surgery 
worldwide. Syndecan-4 (SDC-4) serves as a co-receptor for both 
basic fibroblast growth factor (bFGF) and integrin, which might play 
an important role in formation of PCO. However, the role of SDC-4 
in capsular opacification development has not been characterized. 
The present study aimed to investigate the role of SDC-4 in an injury-
induced anterior capsule opacification model in vivo.
Methods: 6 to 8 weeks old SDC-4 deficient mice and age-matched 
wild-type (WT) mice were used in the study. Mice were anesthetized 
with 0.2ml 5% Cholrali Hydras. After mydriatic with tropicamide 
eyedrop, a 26-gauge hypodermic needle was used to make a 
puncturation in central anterior capsule of the right eye through 
cornea. Mice were photographed by slit lamp and killed 3 days after 
surgery. The anterior capsules were isolated for immunofluorescence 
and the expression of Ki67 was measured. Lenses were isolated 
for western blot. The expression of p-FAK, PKCα, p-Akt, p-ERK, 
p-S6RP, total FAK, total Akt, total ERK and total S6RP were detected 
by western blot.
Results: 3 days after surgery, WT mice developed an obvious 
anterior capsule opacities while the opacities remained much smaller 
in SDC-4-/- mice. Immunofluorescent staining of lens capsules 
showed extensive multilayer of cells forming plaques beneath the 
anterior lens capsules in WT mice. By contrast, the volumes of 
subcapsular plaques and expression of Ki67, which is a marker of 
proliferation, were obviously decreased in anterior capsules of SDC-
4-/- mice. In addition, SDC-4-/- mice showed reduced activation of 
FAK at Thr397, PKCα, ERK1/2, Akt at Thr308, Akt at Ser473 and S6RP 
at Ser235/236 in lens.
Conclusions: Downregulation of SDC-4 might inhibit capsule 
opacification formation. The possible mechanism may be insufficient 
activation of bFGF and integrin pathway effectors, including PKCα, 
ERK1/2, PI3K/Akt/mTOR and FAK.
Commercial Relationships: Yingyan Qin; Furong Luo, None; 
Min Hou, None; Xuan Bao, None; Yi Zhu, None; Mingxing Wu, 
None
Support: National Natural Science Foundation of China Grant 
81270982
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Intraocular lens biocompatibility: a novel, objective approach
Christina Mastromonaco1, Matthew Balazsi2, Evangelina Esposito1, 
Jacqueline Coblentz1, Aya Siblini1, Jade Lasiste1, Miguel N. Burnier1. 
1MUHC McGill Ocular Pathology Laboratory, Montreal, QC, 
Canada; 2Engineering, Medical Parachute, Montreal, QC, Canada.
Purpose: Understanding factors that contribute to posterior capsular 
opacification (PCO) development is a significant public concern as 
treatment can lead to complications. In order to prevent PCO, a better 
understanding of intraocular lens (IOL) characteristics, including 
design and material, and patient interaction is required. Herein, we 
performed a retrospective multivariable analysis to determine which 
factors (IOL and patient based) were least likely to result in PCO.
Methods: 180 post-mortem eyes with implanted IOLs were collected 
from the Minnesota Eye Bank, along with clinical history, including 
date of cataract surgery and IOL model number. The capsular bag 
(CB) with the IOL implant was removed from all eyes to obtain 
digital images. PCO outcome was quantified on CB images using 
an objective, automated custom image analyzer (Medical Parachute 
Automated Detector Opacification Software). The software measured 
intensity and area of the opacification within the IOL optic edge, 

intra-optic edge (IOE=intensity/area), and in Soemmering’s ring 
(SR=intensity/area). Epidemiologic analysis assessed which IOL 
characteristics and patient-related factors correlated with PCO. IOL 
factors included material, edge design, lens filter, company, IOL 
model, decentration and time from cataract surgery to death. Patient 
factors included sex, age and diabetes, among others.
Results: Multivariate analyses showed non-diabetic patients had less 
PCO (P=0.05). Individuals 50-80 years old compared to 80+ had 
lower SR PCO (P=0.04). Non-blue light filter IOLs had lower SR 
and IOE PCO compared to filter IOLs (P=0.03, 0.001). Square and 
frosted optic edge design had lower SR and IOE PCO rates compared 
to OptiEdge and round optic edge design (P=0.002, 0.02). The IOL 
model that had the least PCO was the ZA9003 model, but this was 
only significant for SR and not IOE PCO (P=0.04). Adjusting for 
patient-factors, IOL lens model was no longer a confounding factor 
for PCO. Patients with an IOL implanted for <7 years had lower SR 
PCO, whereas lower IOE PCO was only seen in implants <4 years 
old (P=0.0001, 0.04).
Conclusions: In order to generate a lens that does not develop PCO, 
it is critical to understand the IOL- and patient-related factors that 
lead to PCO development. Based on our data, the most susceptible 
patients are elderly and diabetic, and it may be preferable to implant a 
square and frosted edge lens without blue-light filtering in this cohort.
Commercial Relationships: Christina Mastromonaco, None; 
Matthew Balazsi, Medical Parachute (P), Medical Parachute 
(I); Evangelina Esposito, None; Jacqueline Coblentz, None; 
Aya Siblini, None; Jade Lasiste, None; Miguel N. Burnier
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Influence of Substrate Chemical and Mechanical Properties on 
Lens Epithelial Cell Behavior
Katelyn E. Swindle-Reilly1, 2, Sophie A. Carus1, 
Katrina M. Schroeder1, Lauren M. Shingler1, Nguyen K. Tram1, 
Heather L. Chandler3. 1Biomedical Engineering, The Ohio 
State University, Columbus, OH; 2Chemical and Biomolecular 
Engineering, The Ohio State University, Columbus, OH; 3College of 
Optometry, The Ohio State University, Columbus, OH.
Purpose: The goal of this research is to develop polymers to prevent 
posterior capsule opacification (PCO) by inhibiting adhesion of lens 
epithelial cells (LECs). PCO is the most common complication of 
cataract surgery, reported in as many as half of all patients 2-5 years 
after surgery. Previous studies demonstrate conflicting evidence about 
the impact of intraocular lens (IOL) hydrophilicity on LEC adhesion. 
These conflicting reports indicate that there is likely an optimal 
intermediate surface energy, or that there may be another factor in 
addition to surface energy that is influencing LEC response. This 
study seeks to determine both the chemical and mechanical factors 
that influence LEC adhesion and proliferation.
Methods: A series of amphiphilic polymers covering a range of 
surface energies ranging from very hydrophilic to very hydrophobic 
were synthesized by free radical copolymerization. The monomers 
used in designing the amphiphilic polymers have been used 
previously in ophthalmic devices such as contact lenses and IOLs. 
Mechanical properties of the polymers were modified by changing 
the degree of crosslinking. Both the chemical and mechanical 
properties of the polymer films were evaluated. These polymers were 
used to coat the wells of tissue culture plates, and canine LECs were 
seeded using standard growth conditions. Phase contrast microscopy 
was used to evaluate cell adhesion and proliferation every 24 hours 
for 7 days.
Results: Preliminary results indicate canine LECs did not adhere 
to the more hydrophilic surfaces. LEC adhesion increased with 
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increasing incorporation of the hydrophobic component in the 
polymer. Initial findings also indicate canine LECs had less adhesion 
to polymers with lower crosslinking content, indicating preferential 
attachment on stiffer surfaces. The polymers were not cytotoxic to the 
LECs, indicating surface properties such as degree of hydrophilicity 
and stiffness influenced LEC adhesion and proliferation.
Conclusions: This study shed some light on the chemical and 
mechanical interactions influencing LEC adhesion. Future studies 
will focus on investigating the epithelial-to-mesenchymal transition 
of LECs on these surfaces and further optimizing the chemical and 
mechanical properties of the amphiphilic polymer films to inhibition 
LEC adhesion without the use of pharmacological agents.
Commercial Relationships: Katelyn E. Swindle-Reilly, 
None; Sophie A. Carus, None; Katrina M. Schroeder, 
None; Lauren M. Shingler, None; Nguyen K. Tram, None; 
Heather L. Chandler, None
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Prevention of posterior capsule opacification in cultured human 
lens capsules, through treatment with hydrogen peroxide or 
distilled water
Justin Christopher C. D’Antin1, Rafael I. Barraquer1, 2, 
Ralph Michael1. 1Instituto Universitario Barraquer, Universitat 
Autònoma de Barcelona, Barcelona, Spain; 2Centro de Oftalmología 
Barraquer, Universitat internacional de Catalunya, Barcelona, Spain.
Purpose: The high rates of posterior capsule opacification (PCO) 
after cataract surgery continue to be a problem for many patients 
worldwide. We tested the hypothesis that PCO could be delayed or 
inhibited through the application of hydrogen peroxide (H2O2) or 
distilled water (H2Od) during cataract surgery. Using cultured human 
lens capsules as an experimental model.
Methods: Lens capsule-ciliary body complexes were extracted 
from human donor eyes (n = 22, ages 43-89). Samples were treated 
for 5 min with either 30mM H2O2 (n=8) or H2Od (n=7) or used as 
untreated controls (n=7). Treatment was applied after lens extraction 
through intercapsular irrigation using a silicone irrigation ring. 
Samples were cultured on average for 30 days, during which dark 
field and lateral illumination photos were taken every 2 to 3 days. 
These photos were used to observe and quantify, time until cellular 
growth and subsequent confluence on the posterior capsule. Growth 
prevention was defined as the absence of cells on the posterior 
capsule within the visual limits of the anterior rhexis. Kaplan Meier 
survival analysis was used to interpret the data.
Results: One control and two H2Od samples were contaminated 
before useful results could be obtained so they were discarded. 
Growth prevention on day 10 was 100% for both treatments and 0% 
for controls. Estimated growth prevention on day 20 was 100% for 
H2O2 and 50% H2Od and on day 30 it was 58% for H2O2 and 50% 
H2Od. The overall prevention of cell growth compared to control was 
significant for both treatments (H2Od p=0.001 and H2O2 p<0.001) 
while there was no significant difference between treatments. Until 
day 28 none of the treated samples that had shown growth reached 
confluence. At day 30, 25% of H2Od and 15% of H2O2 samples 
reached confluence. Confluence for controls was 50% on day 10 and 
83% on day 20, reaching 100% on day 26.
Conclusions: The results are consistent with our hypothesis that 
cell growth and PCO can be prevented or significantly delayed by 
applying hydrogen peroxide (H2O2) or distilled water (H2Od). 
Although, some cell growth and PCO was observed in treated 
samples, it appeared significantly later than in controls and after the 
end point (day 28) of most other studies.

Commercial Relationships: Justin Christopher C. D'Antin, None; 
Rafael I. Barraquer, None; Ralph Michael, None
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Canonical Wnt activity is dynamic in the developing lens and 
upregulates dramatically in fibrotic lens cells
Melinda K. Duncan, Yichen Wang, Priyha Mahesh, Yan Wang. 
Biological Sciences, University of Delaware, Newark, DE.
Purpose: Canonical Wnt signaling plays both positive and negative 
roles in regulating eye development. Prior work utilizing mice 
harboring reporters of canonical Wnt signaling has suggested that 
this pathway is inactive in the lens after its initial specification, 
however, the design of the previously used Wnt reporter strains 
make it difficult to assess low level or mosaic patterns of pathway 
activation. Here we use an improved Wnt reporter strain to both 
reevaluate the extent of canonical (TCF/Lef mediated) Wnt signaling 
in the developing lens, and to test the hypothesis that this pathway 
is strongly activated during the formation of posterior capsular 
opacification.
Methods: Mice harboring a canonical Wnt reporter gene consisting 
of six copies of the T cell factor (TCF)/lef binding site upstream of 
a hsp68 minimal promoter driving the expression of a histone 2b/
green fluorescent protein (GFP) fusion protein were obtained from 
the Jackson laboratory. Embryos and postnatal mice heterozygous for 
this reporter were obtained from timed matings and were analyzed 
for reporter expression by confocal immunofluorescence. Anterior 
subcapsular cataract (ASC) was induced by subjecting reporter mice 
to full thickness corneal wounds. Posterior capsular opacification was 
modeled by removing lens fiber cells from adult mice.
Results: In the lens, no TCF activity was detected in either the lens 
placode or lens pit as previously reported. However, at E11.5, a few 
cells of the anterior lens vesicle are GFP positive. By E12.5, many 
cells of the newly formed lens epithelium exhibit TCF activity, and 
by E14.5, most cells of the lens epithelium are GFP positive. At later 
times in development, the GFP signal decreases, and in the normal 
adult lens, only occasional lens epithelial cells are GFP positive. 
However, TCF activity is highly upregulated in the α-Smooth muscle 
actin positive fibrotic plaques that form in both injury induced ASC 
and after lens fiber cell removal in a PCO model.
Conclusions: The extent of canonical Wnt signaling is very dynamic 
in the developing lens and upregulates dramatically upon surgically 
induced fibrosis. As canonical Wnt signaling mediated by TCF 
transcription factors can collaborate with TGFβ signaling to drive 
fibrotic responses in other systems, these data suggest that canonical 
Wnt may synergize with TGFβ signaling to drive fibrotic PCO.
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Hyaluronic Acid and its Receptor RHAMM in an Ex Vivo Mock 
Cataract Surgery Model Under Fibrotic Promoting Conditions
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Yana Sharpadskaya, A Sue Menko, Janice L. Walker. Thomas 
Jefferson University, Philadelphia, PA.
Purpose: Hyaluronic Acid (HA) is an extracellular matrix molecule 
well-known for its role in promoting fibrosis. Here, we examined 
expression and localization of HA and RHAMM, the receptor of 



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.

hyaluronan mediated motility, in a model of mock cataract surgery 
cultured under conditions that promote fibrosis.
Methods: Following mock cataract surgery lens explants are 
flattened on a rigid tissue culture dish. Mesenchymal leader cells 
populate the outside wound edge and direct the injured lens 
epithelium onto the culture substrate, the Extra Capsular Zone (ECZ). 
The leader cells are induced to become myofibroblasts within 3 
days and myofibroblasts persist and expand over time. Cells were 
fixed with formaldehyde, and the organization and distribution of 
HA, RHAMM, α-tubulin and vimentin determined by confocal 
microscopy imaging following immunofluorescence labeling; F-actin 
was labeled with fluorescent-conjugated phalloidin. To best resolve 
pericellular HA we used a formalin acetic alcohol fixative. An 
association between RHAMM and vimentin was investigated using 
the Proximal Ligation Assay (PLA), which reveals protein-protein 
interactions within 30-40 nm in situ.
Results: Our results revealed that RHAMM and its ligand HA are 
widely distributed in both the mesenchymal leader cells and the 
epithelial cells that had migrated onto the ECZ. RHAMM often 
exhibited a punctate distribution. Interestingly, by culture day 6 when 

leader cells had acquired a myofibroblast phenotype, HA was highly 
organized in extracellular cables co-linear with actin stress fibers. 
Using more stringent fixative conditions we discovered that RHAMM 
also had a filamentous distribution that was co-localized with HA 
cables that appeared to follow along actin stress fibers. RHAMM did 
not co-distribute with microtubules in these cultures. However, we 
discovered that in the protrusions extended by the leader cells at the 
edge of the ECZ RHAMM was highly enriched and co-localized with 
vimentin, an intermediate filament protein linked to the progression 
of fibrosis. Further investigation using PLA revealed that this co-
localization reflected an interaction between RHAMM and vimentin, 
both before and after these cells transition to myofibroblasts.
Conclusions: The distribution of HA and RHAMM suggests that 
these molecules play an important role in the regulation of leader cell 
function and the progression of fibrosis.
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