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Program Number: 1701 Poster Board Number: A0179
Presentation Time: 11:00 AM–12:45 PM
FGF2-mediated induction of microRNA29c and its regulation of 
Tropomyosin
Eri Kubo1, Shinsuke Shibata1, Teppei Shibata1, Naoki Tanimura1, 
Dhirendra P. Singh2, Hiroshi Sasaki1. 1Dept of Ophthalmology, 
Kanazawa Medical University, Ishikawa, Japan; 2Department of 
Ophthalmology and Visual Sciences, University of Nebraska Medical 
Center, Omaha, NE.
Purpose: Fibroblast growth factor (FGF) signaling regulates 
posterior capsular opacity, (PCO) cell proliferation and lens fiber 
cell differentiation after cataract surgery. We previously reported that 
the Tropomyosin (Tpm) family of cytoskeleton proteins is induced 
by TGFβ2 during epithelial–mesenchymal transition (EMT) and 
repressed by FGF2 in lens epithelial cells (LECs) and is related to the 
progression of PCO. We also reported that miR29c is related to the 
lens development and Tpm is one of target gene of miR29c. In this 
study, we investigated the involvement of microRNA 29c (miR29c) 
in repression of Tpm1 and 2 expressions by FGF2.
Methods: Primary cultured mouse LECs (MLEC) growing in 
DMEM containing 2% fetal bovine serum were treated with 0 to 
10ng/ml of FGF2. To identify micro RNA expression in MLEC, real-
time PCR was used to analyze expressions of miR29c and Tpm1/2. 
For inhibition of miR29c, miRIDIAN Hairpin inhibitor, mouse miR 
29c were used and transfected into MLEC. For overexpression of 
miR29c, miRNA precursors were transfected into MLEC. Data 
were from three experiments and ere reported as means ± SDs and 
analyzed by 1-way ANOVA, followed by a t test when appropriate, 
with p< 0.05 deemed significant.
Results: MLECs treated with FGF2 for 2- and 4-days showed a 
significant induction in the expressions of miR29c (Fold change: 2.4 
± 0.42 and 2.48 ± 0.68, respectively; p<0.02) compared to negative 
control and a reduction in the expression of Tpm1/2 (p<0.001). 
However, in MLECs transfected by miR29c inhibitors, expression 
of Tpm1/2 was not reduced after addition of FGF2. Transfection 
experiments by mouse miRNA precursor revealed that the increasing 
level of miR29c (p<0.04) caused a corresponding decrease in 
expression of Tpm1/2, suggesting the involvement of miR29c in 
the translational regulation of Tpm1 and 2 by FGF2. Furthermore, 
3’UTR luciferase activity of Tpm1, not Tpm2, was significantly 
decreased in miR29c transfected MLEC (p<0.02). From these results, 
we hypothesized that Tpm1 expression may be directly regulated by 
miR29c. Further, Tpm2 expression may be indirectly regulated by 
miR29c.
Conclusions: These findings demonstrate that FGF2 may suppress 
Tpm1/2 via the upregulation of miR29c expression. miR29c may 
contribute to progression of PCO and lens fiber differentiation.
Commercial Relationships: Eri Kubo, None; Shinsuke Shibata, 
None; Teppei Shibata, None; Naoki Tanimura, None; 
Dhirendra P. Singh, None; Hiroshi Sasaki, None
Support: Grant-in-Aid for Scientific Research (C): JP23592588

Program Number: 1702 Poster Board Number: A0180
Presentation Time: 11:00 AM–12:45 PM
Tpm knockdown suppresses epithelial mesenchymal transition of 
lens epithelial cells
Teppei Shibata1, Shinsuke Shibata1, Hiroshi Sasaki1, 
Dhirendra P. Singh2, Etsuko Kiyokawa3, Masahito Ikawa4, 
Yasuhito Ishigaki5, Eri Kubo1. 1Department of Ophthalmology, 
Kanazawa Medical University, Kahoku, Japan; 2Ophthalmology and 
Visual Sciences, University of Nebraska Medical Center, Omaha, 
NE; 3Oncogenic Pathology, Kanazawa Medical University, Ishikawa, 
Japan; 4Osaka University, Osaka, Japan; 5Medical Research Institute, 
Kanazawa Medical University, Ishikawa, Japan.
Purpose: Tropomyosin (Tpm) and transforming growth factor (TGF) 
β2 which induce epithelial–mesenchymal transition (EMT) are 
involved in the regulation of posterior capsule opacification (PCO). 
We studied the effect of Tpm1 and 2 (Tpm1/2) knock-down in mouse 
lens epithelial cells (MLEC) to examine expression of proteins 
related to EMT and actin-reorganization induced by TGFβ, and cell 
migration of MLEC.
Methods: 
Primary cultured MLEC were classified into treatment group 
transfected with Tpm1/2 siRNA (siTpm1/2 group) and negative 
control (NC) group. Each group was treated with TGFβ2 (0 to10 ng 
/mL). We compared the expression levels of Tpm1/2 and α-smooth 
muscle actin (αSMA), an EMT marker, by western blot analysis. 
Formations of actin stress fiber were visualized by F-actin staining 
with Phalloidin. The migratory ability of MLEC was analyzed using 
cell scratch assay. Data were reported as means ± SDs and analyzed 
by 1-way ANOVA, followed by a t test when appropriate, with  
p< 0.05 deemed significant.
Results: Levels of Tpm1/2 protein in Tpm1/2 siRNA transfected 
MLECs were reduced after treatment with/without TGFβ2 on day 2 
(p <0.0061). Conversely, TGFβ2 treated MLECs expressing  
NC-siRNA showed increased abundance of Tpm1 protein 
(p<0.0042). Furthermore, TGFβ2 treated MLECs expressing NC-
siRNA and siRNA (siTpm1/2) showed increased expression of 
αSMA protein (siTpm1/2) (p<0.0028 and p<0.0241, respectively). 
Levels of αSMA protein in TGFβ2-treated MLECs were reduced 
in siTpm1/2 group in comparison to control group suggesting 
EMT induced by TGFβ2 may be inhibited by Tpm1/2 knockdown 
(p<0.0024). However, there was no significant increase between 
siTpm1/2 groups with/without TGFβ2. Stress fiber formation was 
observed in NC group after treatment with TGFβ2. However, no 
similar change was observed in the siTpm1/2 groups. In NC group, 
cell migration was promoted in MLEC after treatment with TGFβ2. 
In siTpm1/2 group, cell migration was further enhanced after 
treatment with TGFβ2 compared with NC groups.
Conclusions: 
MLEC Tpm1/2 knock-down under TGFβ2-induced EMT suppressed 
the increase of αSMA and stress fiber formation. However, there 
is a possibility to induce cell migration by knock-down of Tpm1/2. 
Knock-down Tpm1/2 in the pathological condition of PCO may 
suppress EMT and fibrosis of LEC, but not cell migration.
Commercial Relationships: Teppei Shibata; Shinsuke Shibata, 
None; Hiroshi Sasaki, None; Dhirendra P. Singh, None; 
Etsuko Kiyokawa, None; Masahito Ikawa, None; 
Yasuhito Ishigaki, None; Eri Kubo,  
Ono Pharmaceutical Company (F)
Support: Grant-in-Aid for Scientific Researchr(C)  Grant Numbers 
JP23592588
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Effects of proteoglycan decorin on lens epithelial cells
Shinsuke Shibata, Naoko Shibata, Teppei Shibata, Naoki Tanimura, 
Hiroshi Sasaki, Eri Kubo. Ophthalmology, Kanazawa Medical 
University, Ishikawa, Japan.
Purpose: Involvement of cytokines including TGFβ2 and FGF2 has 
been reported in the onset of postoperative posterior capsule opacity 
(PCO). Previously, we showed that expression level of proteoglycan 
decorin (DCN) was highly up-regulated in lens epithelial cells (LEC) 
in a rat posterior capsule opacity (PCO) model. In this study, we 
analyzed DCN expression in cultured LEC treated with TGFβ2 and/
or FGFβ2, and the effects of DCN on cell proliferation.
Methods: Primary cultured mouse LECs (MLEC) and human 
LEC (HLEC:SRA01/04) were growing in DMEM containing 2% 
fetal bovine serum were treated with 0 to 10ng/ml of FGF2 and 0 
to 10ng/ml TGFβ2. Expressions of DCN and tropomyosin (Tpm) 
were measured using real time RT-RCR. Cell viability assay was 
conducted by MTS assay using MLEC and HLEC. Data were 
reported as means ± SDs and analyzed by 1-way ANOVA, followed 
by a t test when appropriate, with p< 0.05 deemed significant.
Results: After addition of FGF2, expression of DCN mRNA levels 
was increased in HLEC (p<0.05) and MLEC (Fig. 1; p<0.01). In 
contrast, expression of Tpm1 mRNA was decreased after addition 
of FGF2 in HLEC (p<0.05). Addition of TGFβ2 suppressed the 
expression of DCN mRNA (p<0.01). However, addition of DCN to 
MLEC and HLEC did not affect cell viability.
Conclusions: Upregulation of DCN in LEC detected in rat PCO 
model may be induced by FGF2. Because DCN was not induced 
by addition of TGF, DCN may not play an important role in EMT 
of LEC. Further investigation is needed to reveal the relationship 
between DCN and progression of PCO in LEC.

Commercial Relationships: Shinsuke Shibata, None; 
Naoko Shibata, None; Teppei Shibata, None; Naoki Tanimura, 
None; Hiroshi Sasaki, None; Eri Kubo, None
Support: Grant-in-Aid for Young Scientists (B) 16K20336

Program Number: 1704 Poster Board Number: A0182
Presentation Time: 11:00 AM–12:45 PM
Role of the Mab21 Genes in Lens Epithelial Cells
Zhaoxia Huang1, 2, Ling Wang1, 2, Xiao-Hui Hu1, 2, 
James W. Gigantelli1, Quan D. Nguyen1, David W. Li1, 2.  
1Truhlsen Eye Institute, University of Nebraska Medical Center, 
Omaha, NE; 2College of Life Sciences, Hunan Normal University, 
Changsha, China.

Purpose: The Mab21 gene family have been shown to play very 
important roles during vertebrate eye development. Yet the functional 
mechanisms remain to be further studied.
Methods: Mab21L1 and Mab21L2 cDNAs were stably transfected 
into mouse lens epithelial cells, aTN4-1 line. Their expressions were 
verified by RT-PCR and Western blot analysis. Cell growth rates of 
various transfected stable lines were determined with MTT assay. 
Induced apoptosis and possible molecular mechanisms were analyzed 
with Hoechst staining and Western blot analysis. Cellular senescence 
was detected with senescence b-Gal assay.
Results: Mab21L1 when expressed in the transfected cells displays 
resistence against apoptosis induced by okadaic acid. It promotes 
lens cell differentiation under induction by 100 ng/ml bFGF. At the 
molecular level, expression of Mab21L1 downregulates expression 
of the proapoptotic Bak gene but promotes expression of the 
differentiation-related aB-crystallin expression under treatment by 
100 ng/ml bFGF. In contrast, in Mab21L2-transfected cells, bFGF 
induction causes downregulation of aB-crystallin gene expression.
Conclusions: Mab21L1 and Mab21L2 have differential functions in 
lens epithelial cells under bFGF induction. (Supported by Research 
Prevent Blindness, NSFC-81570824, Zhongshan Ophthalmic Center, 
and Chinese Scholarship Council).
Commercial Relationships: Zhaoxia Huang, None; Ling Wang, 
None; Xiao-Hui Hu, None; James W. Gigantelli, None; 
Quan D. Nguyen, None; David W. Li, None
Support: NSFC-81570824,

Program Number: 1705 Poster Board Number: A0183
Presentation Time: 11:00 AM–12:45 PM
Celastrol Suppressed Proliferation of LECs through suppressing 
the PI3K/Akt, p38MAPK and SAPK/JNK signaling pathways
wang liping, Shan Huang, Baoxin Chen, Xiaoxian Lu, Jieping Chen, 
Yizhi Liu. Zhongshan Ophthalmic Center, Guangzhou, China.
Purpose: Celastrol, also known as tripterine, is isolated from the 
traditional Chinese medicine ‘Thunder of God Vine’. It shows 
significant activities in the treatment of chronic inflammatory, 
cancer and diabetic activity. Capsule opacification is the most 
common complication after cataract surgery. Proliferation of 
lens epithelial cells (LECs) plays an important role during the 
pathological process of capsule opacification. It is demonstrated that 
the phosphatidylinositol-3-kinase(PI3K)/Akt, mitogen-activated 
protein kinases(MAPKs), p38 pathways and stress-activated protein 
kinase(SAPK)/JNK have key roles in promoting cell proliferation. 
The purpose of this study is to investigate the effect and mechanism 
of celastrol on proliferation of LECs.
Methods: Human lens epithelium cells(SRA01/04) were treated 
with various concentrations of celastrol(0uM,0.5uM and 1uM). 
Cell Proliferation Assay was performed to evaluate the dose-
dependent effect of celastrol on the proliferation of LECs. Western 
blot was examined to investigate the mechanism of celastrol on the 
proliferation of LECs. We detected the protein expression and level 
of phosphorylation of PI3k/Akt, p38MAPK and SAPK/JNK.
Results: Cell proliferation was attenuated in the 0.5μM group and 
almost completely inhibited with 1μM after 12 hours (P<0.05). 
Meanwhile, we found celastrol decreased the level of the 
phosphorylation of Akt without affecting its total protein levels. 
Moreover, it decreased the protein levels of p38MAPK and SAPK/
JNK. These results suggested that celastrol could inhibit the 
proliferation of LECs through inactivating PI3k/Akt, p38MAPK and 
SAPK/JNK signaling pathways.
Conclusions: This study demonstrates that celastrol suppresses 
the proliferation of LECs. It indicates the possibility that celastrol 
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might be a potential drug in prevention and treatment of Capsule 
opacification after surgery of caratact.
Commercial Relationships: wang liping, None; Shan Huang; 
Baoxin Chen, None; Xiaoxian Lu, None; Jieping Chen, None; 
Yizhi Liu, None
Support: National Natural Science Foundation of China 
(No.81300749)

Program Number: 1706 Poster Board Number: A0184
Presentation Time: 11:00 AM–12:45 PM
Aquaporin-0 modulates normal shape of gap junction-associated 
ball-and-socket domains which display distinct patterns in mouse 
and monkey lenses
Woo-Kuen Lo, Sondip Biswas, Anquilla Deleveaux, Lawrence Brako. 
Neurobiology, Morehouse School of Medicine, Atlanta, GA.
Purpose: AQP0 has been shown to play a critical role in controlling 
the integrity of interlocking protrusions and transparency in mouse 
lens. Here, we study whether AQP0 modulates the integrity of gap 
junction-associated ball-and-sockets (GJ-BSs) which are uniquely 
distributed in metabolically-active superficial fiber cells. The 
distinct patterns of GJ-BSs between mouse and monkey lenses are 
systematically compared.
Methods: Whole-mount superficial fiber cells of AQP0-KO and WT 
mouse lenses (1-4 months old) were prepared for confocal labeling 
of AQP0, Cx46, Cx50, N-cadherin, WGA and phalloidin. The same 
samples were further processed for SEM identification. Confocal, 
SEM, TEM, freeze-fracture and immunogold labeling were used for 
comparison between mouse and monkey lenses.
Results: AQP0, Cx46 and Cx50 antibodies were labeled consistently 
in BSs of superficial fiber cells in WT mouse lenses. The GJ-BSs 
were clearly identified on the matched images of labeled Cx46 (or 
Cx50) with the WGA-stained round sockets on the preparations. 
In contrast, many labeled Cx46-BSs specifically showed aberrant 
elongation in the AQP0-KO lens fiber cells. The presence of 
elongated, disorganized BSs was confirmed by SEM. Freeze-fracture 
immunogold TEM showed that GJ particles were greatly dispersed 
in the elongated BSs. For the identity and distinct patterns of GJ-BSs 
on the broad-surface of superficial fiber cells, confocal study showed 
that in mouse lens GJ-BSs (~0.8 μm wide) were found mainly in 
the middle of cells, averaging 31 GJ-BSs/500 μm2 (24,800 μm2 
measured). In contrast, in monkey lens large GJ-BSs (~1 μm wide) 
were more often seen along the sides of cells, averaging 40 GJ-
BSs/500 μm2 (27,875 μm2 measured). Importantly, numerous finger-
like projections (~0.3 μm wide, 0.8 μm long) were regularly seen 
across the entire broad-surface superficial fiber cells in monkey, but 
not in mouse. AQP0 and actin, but not Cx46, Cx50 and N-cadherin, 
were highly enriched in these finger-like projections.
Conclusions: The integrity of GJ-BSs is also regulated by AQP0. 
The GJ-BSs are present in both mouse and monkey lenses, and they 
display distinct patterns between these two species. Importantly, the 
new type of numerous AQP0-rich finger-like projections, distributed 
simultaneously with GJ-BSs in superficial fiber cells in the monkey 
lens, surely warrants further functional investigation.
Commercial Relationships: Woo-Kuen Lo, None; Sondip Biswas, 
None; Anquilla Deleveaux, None; Lawrence Brako, None
Support: NIH Grant EY05314

Program Number: 1707 Poster Board Number: A0185
Presentation Time: 11:00 AM–12:45 PM
SUMOylation Inhibits E151K Vimentin Function by Interfering 
with Its Polymerization
Ling Wang1, 2, Xiao-Dong Gong2, Zhao-Xia Huang1, 2, Qian Nie2, 
James W. Gigantelli1, Quan D. Nguyen1, David W. Li1, 2. 
1Ophthalmology, University of Nebraska Medical Center, Omaha, 
NE; 2College of Life Sciences, Hunan Normal University, Changsha, 
China.
Purpose: It is well established that the E151K mutation in vimentin 
leads to cataractogenesis. However, the molecular mechanism for this 
pathogenesis remains large unknown. Here we present evidence to 
show plausible mechanism.
Methods: RT-PCR was used to clone the wild type vimentin cDNA. 
In vitro mutagenesis was used to create the E151K mutant cDNAs. 
Expression constructs of both wild type and mutant cDNAs were 
introduced into lens epithelial cells, the sumoylation patterns were 
determined by Western blot analysis. Chemical crosslink was used 
to help the determination of vimentin polymers. Cell morphology 
and microfilament polymerization were observed with fluorescence 
imaging. Vimentin polymerization under various conditions were 
detected by Western blot analysis.
Results: Wild type and mutant vimentin display differential 
SUMOylation patterns. Sumoylation in the mutant protein interferes 
with vimentin polymerization, and thus inhibiting its normal 
functions.
Conclusions: These results provide the molecular basis why E151K 
mutation leads to cataractogenesis. (Supported by Research Prevent 
Blindness, NSFC-81570824, Zhongshan Ophthalmic Center, and 
Chinese Scholarship Council)
Commercial Relationships: Ling Wang, None; Xiao-
Dong Gong, None; Zhao-Xia Huang, None; Qian Nie, None; 
James W. Gigantelli, None; Quan D. Nguyen, None; David W. Li, 
None
Support: NSFC-81570824

Program Number: 1708 Poster Board Number: A0186
Presentation Time: 11:00 AM–12:45 PM
Sall1 transcription factor is essential for mouse lens fiber 
maturation
Sumiko Watanabe, Yukihiro Baba. Molecular & Developmental Biol, 
Univ of Tokyo, Inst Med Science, Tokyo, Japan.
Purpose: Sall family transcription factor contains Sall1-4, and we 
had previously reported that Sall3 plays essential roles in hirozontal 
cell maturation. We also found that Sall1 was expressed in microglia 
in both retina and brain, and plays pivotal roles for maturation 
of microglia. During the work, we had found that Sall1 was also 
expressed in developing lens strongly and asked its roles for lens 
development.
Methods: Knock-in mouse harboring EGFP in Sall1 locus 
(Sall1-gfp) was used for analyses of Sall1 expression pattern and 
phenotype of loss of function of Sall1. Since Sall1 knockout mice 
dies immediate after the birth, lens specific knockout mouse of Sall1 
was generated by using Sall1-flox/flox and Pax6-lens-cre mice. 
Lens development was examined by immunostaining and electron 
microscopic approaches using sectioned Sall1-knockout lens. The 
microarray was performed to analyze molecular signature of the lens 
of Sall1-knockout.
Results: Expression of Sall1, which was examined by EGFP 
expression of Sall1-gfp mouse lens, was observed in whole lens at 
E13.5, then, the expression was started to be down regulated from 
lens epithelium and remained in fiber cells from E14.5. After birth, 
EGFP signals were observed in the equator region, and disappeared 
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during lens fiber internalization. Lens morphogenesis of Sall1-
knockout mice was severely perturbed, which was first observed at 
around E14. Small vacuoles were in the center of lens fibers region, 
and it became more prominent at E15. Enucleation did not occur, 
and Pax6 remained to be expressed in nucleus after birth. Electron 
microscopic analysis indicated that the vacuoles were not in the 
inside of fiber cells, instead, cell-cell contact was disturbed and 
detached. However, gap junction structure was observed in periphery, 
and immunostaining of ZO1, beta-catenin, N-cadherin showed rather 
appropriate expression pattern in Sall1-knockout lens, suggesting 
that expression of cell adhesion machinery proteins was not affected. 
Finally, microarray analysis showed down-regulation of some of 
cytoskeletal genes in Sall1-knockout lens.
Conclusions: Sall1 is straongly expressed in lens from early 
developmental stage and plays essential roles for fiber cell maturation 
probably through regulation of expression levels of cytoskeletal 
genes. Taken our previous works together, we revealed that Sall 
family members play pivotal roles for maturation process of various 
cell lineages in the eye.
Commercial Relationships: Sumiko Watanabe, None; 
Yukihiro Baba, None

Program Number: 1709 Poster Board Number: A0187
Presentation Time: 11:00 AM–12:45 PM
Lens Fiber Cell Migration and Morphogenesis Depends on 
N-cadherin Regulation
Caitlin Logan1, Suren Rajakaruna1, Caitlin Bowen1,  
Glenn Radice1, Michael L. Robinson2, A Sue Menko1. 1Pathology 
Anatomy and Cell Biology, Thomas Jefferson University, 
Philadelphia, PA; 2Miami University, Oxford, OH.
Purpose: Tissue development and regeneration involve high-order 
morphogenetic processes that are governed by elements of the 
cytoskeleton in conjunction with cell adhesion molecules. Such 
processes are particularly important in the lens whose structure 
dictates its function. Previous work from our lab has demonstrated a 
role for N-cadherin junctions in lens fiber cell elongation and actin 
organization. Recent work has begun to unveil the importance of 
N-cadherin in the regulation of developmental migration in addition 
to its traditional role in cell adhesion. Here we investigated the role of 
N-cadherin in lens morphogenesis.
Methods: A lens-specific N-cadherin conditional knockout mouse 
(mlr10 N-cadherin cKO) was generated so as to examine effects of 
loss of N-cadherin on lens morphogenesis. Analysis was performed 
on cryosections from the above lenses labeled for Aquaporin 0, 
Connexin 50, Rac1, active-Rac1, myosin-II, phospho-myosin and/
or F-actin and imaged by confocal microscopy. Immunoblotting 
was performed on E16.5 lenses for Rac1, active-Rac1, myosin-II, 
phospho-myosin and N-cadherin.
Results: By E13.5, mlr10 N-cadherin cKO lenses demonstrated 
increased clustering of the apical domains of newly differentiating 
fiber cells along the lens equator, just past the transition zone. 
This finding revealed that fiber cell elongation is governed in part 
by N-cadherin junctional-dependent migration of fiber cell apical 
tips along the anterior surface of the lens epithelium. This defect 
worsened over time as new fiber cells are added at the transition 
zone but fail to create and migrate along an epithelial fiber interface, 
but without loss of cell-cell adherence. In the absence of along the 
lateral interfaces of fiber cells Aquaporin 0 was greatly increased 
and Connexin 50 reorganized at cell-cell borders, potentially playing 
a primary in maintaining lateral fiber cell adhesion. This migration 
defect was accompanied by loss of Rac1 activation and over-
activation of myosin-II, with changes in these migration-promoting 
proteins suggesting the mechanism behind the dysmorphogenesis 

seen in knockout lenses. These results demonstrate the necessity of 
N-cadherin in lens fiber cell elongation, lens morphogenesis, and the 
maintenance of lens cytoarchitecture.
Conclusions: Lens fiber cell migration, elongation, and 
morphogenesis depends on N-cadherin.
Commercial Relationships: Caitlin Logan, None; 
Suren Rajakaruna, None; Caitlin Bowen, None; Glenn Radice, 
None; Michael L. Robinson, None; A Sue Menko, None
Support: NIH/NEI grants EY014258

Program Number: 1710 Poster Board Number: A0188
Presentation Time: 11:00 AM–12:45 PM
A Critical Role for Microtubules in Lens Morphogenesis Through 
Regulation of Myosin-II Activation
Caitlin Bowen, Caitlin Logan, A Sue Menko. Pathology Anatomy and 
Cell Biology, Thomas Jefferson University, Philadelphia, PA.
Purpose: Tissue development is known to be dependent on 
cytoskeletal family members including microtubules, and further 
understanding of the roles these proteins play will shape the field 
of tissue morphogenesis. The goal of these studies is to investigate 
the mechanism by which microtubules (MT) function in lens 
morphogenesis. We investigate the hypothesis that defects in lens 
fiber cell elongation when microtubules are disassembled during lens 
development result from dysregulation of myosin signaling.
Methods: For all studies embryonic day 10 chick lenses were 
isolated and grown in ex vivo culture. MTs were disassembled by 
exposure to the MT inhibitor Nocodazole (NC) at 1μg/ml and 10μg/
ml, the lower dose effecting dynamic MTs and a subpopulation of 
stable MTs, the higher concentration disassembling both populations 
of MTs. The vehicle DMSO was used as control. Myosin activation 
was inhibited with the myosin inhibitor Blebbistatin (Bleb, 50 μM). 
Whole lens cultures were exposed to NC alone, Bleb alone, or a 
combination of these two inhibitors where Bleb was added 2hrs prior 
to NC.
Results: Exposure to NC revealed that microtubule function 
influences lens morphogenesis by affecting both the extent and 
directionality of elongation of differentiating fiber cells, with greater 
dysmorphogenesis at the higher dose of NC. New fiber cells were 
abnormally curved towards the lens equator and at the lower NC dose 
these fiber cells failed to establish stable interactions with the apical 
domains of the opposing lens epithelial cells in the equatorial zone. 
At the higher concentration of NC this defective interaction between 
epithelial and fiber cell apical surfaces extended across the Epithelial 
Fiber Interface (EFI). These morphogenetic defects that occur in 
the absence of MTs were correlated with increased levels of myosin 
activation along the EFI. Blocking myosin activation was able to 
rescue the EFI defect caused by loss of MTs.
Conclusions: Microtubules play an essential role in lens 
morphogenesis by regulating myosin activity.
Commercial Relationships: Caitlin Bowen, None; Caitlin Logan, 
None; A Sue Menko, None
Support: NIH/NEI grants EY014258
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Program Number: 1711 Poster Board Number: A0189
Presentation Time: 11:00 AM–12:45 PM
Conditional Deficiency of Ankyrin-B Impairs Lens Growth and 
Transparency in Mice
Rupalatha Maddala1, Vann G. Bennett3, 4, Vasanth Rao1, 2. 
1Ophthalmology, Duke University School of Medicine, Durham, 
NC; 2Pharmacology and Cancer Biology, Duke University School 
of Medicine, Durham, NC; 3Biochemistry, Cell Biology & 
Neurobiology., Duke University School of Medicine, Durham, NC; 
4HHMI Investigator, Duke University School of Medicine, Durham, 
NC.
Purpose: Ankyrin-B (AnkB), a well characterized adaptor protein 
which tethers the spectrin-actin cytoskeleton to membrane proteins 
and plays a role in membrane subdomain organization, has been 
reported to influence lens fiber cell cytoarchitecture. Understanding 
of the definitive role of AnkB in lens function however, has remained 
elusive. In this study we have therefore developed and characterized 
an AnkB conditional knockout mouse in order to determine the role 
of this protein in lens function and integrity.
Methods: AnkB lens conditional knockout (cKO) mice were 
generated using AnkB floxed and lens Cre transgenic mice (Le-Cre). 
Eyes derived from neonatal and postnatal AnkB cKO mice and 
from littermate Le-Cre control mice were evaluated for histological, 
biochemical and morphological changes.
Results: Consistent with the observations recorded in AnkB null 
mice, neonatal (P1) AnkB cKO mice do not show any noticeable 
changes either in lens morphogenesis or integrity. Postnatal AnkB 
cKO mice (after P16) however, rapidly develop cataracts with a 
significant decrease in eye and lens weight relative to AnkB floxed 
or Le-Cre control mice. Postnatal AnkB cKO mice (P19 & P21) 
exhibit intense nuclear cataract together with gross degeneration, 
swelling and membrane disruption of lens fibers. The recorded lens 
phenotype in the AnkB cKO mice was confirmed to be associated 
with deficiency of AnkB by immunoblot analyses. Studies are in 
progress to determine the cellular and molecular basis for the AnkB 
deficiency induced decrease in lens size and cataract formation using 
P7 and P16 AnkB cKO mice.
Conclusions: This ongoing study demonstrates a requirement for 
AnkB in lens growth, architecture and transparency and suggests a 
vital role for the scaffolding activity of AnkB in fiber cell adhesive 
interactions, cytoarchitecture and membrane organization.
Commercial Relationships: Rupalatha Maddala, None; 
Vann G. Bennett, None; Vasanth Rao, None
Support: EY29650; EY027053; P30-EY005722

Program Number: 1712 Poster Board Number: A0190
Presentation Time: 11:00 AM–12:45 PM
A role for the PI3K regulator PIK3IP1 in signaling the 
autophagy-dependent removal of organelles during lens 
development
Rifah Gheyas1, Lisa A. Brennan2, Marc Kantorow2, A Sue Menko1. 
1Cell Biology, Anatomy, and Pathology, Thomas Jefferson University, 
Philadelphia, PA; 2Florida Atlantic University, Boca Raton, PA.
Purpose: Our previous studies demonstrated a critical role for 
autophagy in the formation of the lens organelle free zone (OFZ) 
during lens development. To establish the upstream signal initiating 
the autophagy-dependent formation of the OFZ we examined 
inhibition of PI3K signaling by phosphoinositide-3-kinase-interacting 
protein 1 (PIK3IP1). We tested the hypothesis that PIK3IP1 
initiates the autophagy-dependent formation of the OFZ through its 
interaction with the p110 catalytic domain of PI3K.
Methods: Chick embryo lenses were separated into epithelial (E) 
and fiber (F) regions, or microdissected to isolate 4 distinct regions of 

differentation: central anterior epithelium (EC), equatorial epithelium 
(EQ), cortical fiber (FC), and nuclear fiber (FP) zones. RNA 
sequencing followed by functional gene clustering was performed 
on microdissected lens fractions at E13 and PIK3IP1 expression 
confirmed by immunoblot. Development-specific molecular linkage 
of the regulatory PIK3IP1 subunit with PI3K catalytic subunits 
p110α, p110β, and p110γ was examined by co-immunoprecipitation 
analysis in E/F regions of D10-15 lenses. PIK3IP1 was overexpressed 
in ex vivo whole chick embryonic lens cultures and the lenses 
monitored for loss of organelles.
Results: RNA seq analysis revealed a sharp increase in PIK3IP1 
expression in fiber cells of the E13 lens. PIK3IP1 associates with 
all p110 isoforms examined in lens epithelial and fiber cells from 
E10-15, suggesting PIK3IP1 is a general common regulator of PI3K 
signaling throughout lens differentiation. Importantly, association 
of PIK3IP1 specifically with the p110γ catalytic subunit of PI3K 
increases significantly in fiber cells at D14, the day before the 
OFZ forms, consistent with a role in shutting down PI3K signaling 
to induce the autophagic pathway that removes lens organelles. 
Overexpression of PIK3IP1 in chick embryo lenses induced 
premature removal of mitochondria and endoplasmic reticulum, 
as detected by decreased levels of mitochondrial protein marker 
TOMM20 and ER protein Grp78/Bip, without affecting expression of 
α-tubulin or αB-crystallin.
Conclusions: PIK3IP1 associates with PI3K p110γ’s catalytic 
domain and its overexpression results in loss of mitochondria and 
ER in ex vivo cultured embryonic lenses. These results are consistent 
with an important role for PIK3IP1 in the initiation of autophagy 
signaling to form the lens OFZ.
Commercial Relationships: Rifah Gheyas, None; Lisa A. Brennan, 
None; Marc Kantorow, None; A Sue Menko, None
Support: EY026478

Program Number: 1713 Poster Board Number: A0191
Presentation Time: 11:00 AM–12:45 PM
Protein Serine/Threonine Phosphatases Dephosphorylate CREB 
at S133 and Regulates Lens Differentiation, Apoptosis and 
Anastasis
David W. Li1, 2, Ling Wang2, Xiao-Hui Hu1, Zhao-Xia Huang1, 
James W. Gigantelli1, Quan D. Nguyen1. 1Ophthalmology, University 
of Nebraska Medical Center, Omaha, NE; 2The State Key Laboratory 
of Ophthalmology, Zhongshan Ophthalmic Center of SUn Yat-Sen 
University, Guangzhou, China.
Purpose: CREB is one of the major transcription factors implicated 
in regulating lens differentiation and pathogenesis. Knockout of its 
close family member, CREB-2 (ATF4) leads to massive apoptosis in 
the developing lens followed by cataractogenesis. The functions of 
CREB are regulated by various protein kinases via Ser-133. Previous 
studies have shown that CREB is also regulated by PP-2A. In the 
present studies, we have further characterized regulation of CREB 
functions by PP-1 mediated dephosphorylation at Ser-133.
Methods: Human lens epithelial cells and aTN4-1 mouse lens 
epithelial cells were used as testing systems. Co-immunoprecipitation 
assays, in vitro dephosphorylation assay, inhibition of phosphatase 
activity, overexpression and knockdown of various subunits 
from PP-1 and PP-2A were used to determine the specific 
dephosphorylation of CREB by PP-1 and PP-2A. Reverse 
transcription polymerase chain reaction, Western-blot analysis and 
reporter gene activity assays were used to study gene expression 
under CREB regulation.
Results: Lens epithelial cells undergoing apoptosis induced by stress 
conditions can be reversed as the stress conditions are removed, a 
condition called anastasis. Wild type CREB, and its phosphorylation 
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mutant as well as dephosphorylation mutant display significantly 
different functions in regulating both apoptosis and anastasis.
Conclusions: Both PP-1 and PP-2A can directly dephosphorylate 
CREB to regulate lens differentiation via control of both apoptosis 
and anastasis. Both apoptosis and anastasis are implicated in 
modulating lens differentiation (Supported by Research Prevent 
Blindness, NSFC-81570824, Zhongshan Ophthalmic Center, and 
Chinese Scholarship Council).
Commercial Relationships: David W. Li, None; Ling Wang, None; 
Xiao-Hui Hu, None; Zhao-Xia Huang, None; James W. Gigantelli, 
None; Quan D. Nguyen, None
Support: NSFC-81570824

Program Number: 1714 Poster Board Number: A0192
Presentation Time: 11:00 AM–12:45 PM
Transcriptional regulation and function of Gata3 in lens 
differentiation
Elena Martynova1, Qing Xie1, Mark Emerson2, Paul Overbeek3, 
Ales Cvekl1. 1Ophthalmology and visual sciences, Albert Einstein 
College of Medicine, New York, NY; 2Department of Biology, The 
City College of New York, New York, NY; 3Neuroscience, Baylor 
College of Medicine, Houston, TX.
Purpose: The lens architecture requires a synchronized cell cycle 
exit of lens precursor cells at the posterior part of the embryonic 
lens vesicle. This process is comprised of extracellular signaling, 
cytoplasmic signal transduction cascade, and nuclear control of gene 
expression. Transcription factor Gata3 has very restricted expression 
profile at the posterior part of the lens vesicle and its depletion 
abrogates cell cycle exit of the primary lens fiber cells; however, it 
is unclear how expression of Gata3 is regulated in lens and which 
genes are downstream of Gata3. The current project will determine 
the role of Gata3 in the cell cycle exit-coupled differentiation and 
regulation of its expression by extracellular signaling during mouse 
lens development.
Methods: Lens-specific Gata3 enhancers were predicted by analysis 
of lens chromatin and tested by luciferase reporter assays. Selected 
promoter-enhancer constructs driving EGFP expression were tested 
in transgenic mice. Immunofluorescence analysis of frozen tissues 
was performed using anti-EGFP antibodies. The role of Gata3 in 
lens development was studied through conditional gene knockout 
approach using Pax6-cre. Structure of Gata3 mutant lens was 
evaluated using H&E staining of paraffin sections. Gata3 binding at 
Cdkn1b/p27 and Cdkn1c/p57 loci in lens was analyzed by qChIP.
Results: We identified and characterized a novel Gata3 lens-specific 
distal enhancer that recapitulates endogenous Gata3 expression 
during mouse lens development. Initial analysis of this region 
demonstrates presence of multiple putative binding sites for TFs 
regulated by BMP and FGF signaling. Conditional knockout of Gata3 
leads to disruption of normal lens architecture and cataract formation. 
Immunofluorescence analysis demonstrates that expression of p27 
and p57 is compromised in Gata3 mutants lens. Importantly, Gata3 
binding was detected at both the Cdkn1b/p27 and Cdkn1c/p57 loci.
Conclusions: Collectively, the present studies show that Gata3 plays 
important roles in regulation of cell cycle exit during mouse lens 
development through direct regulation of p27 and p57. Presence 
of multiple binding sites for BMP- and FGF-regulated TFs at the 
Gata3 lens-specific enhancer suggests a novel model major signaling 
pathways regulate cell cycle exit-coupled differentiation through 
regulation of Gata3. Ongoing experiments are aimed to identify TFs 
upstream of Gata3 and its additional downstream target genes.
Commercial Relationships: Elena Martynova, None; Qing Xie, 
None; Mark Emerson, None; Paul Overbeek, None; Ales Cvekl, 
None

Support: R01 EY012200, RPB unrestricted grant

Program Number: 1715 Poster Board Number: A0193
Presentation Time: 11:00 AM–12:45 PM
Demonstration of Quadruplex DNA in fixed normal ocular lens 
tissues: cell differentiation and cell death studies
Maryam Y. Rabbani1, Claude E. Gagna1, 2, Stephanie Sawyer1, 
Nehah Raza1, Suhani Shah1, Peter Lambert2, W. Clark Lambert2, 3, 
Astha Desai1. 1Life Sciences, NYIT, Old Westbury, NY; 2Pathology & 
Laboratory Medicine, Rutgers-New Jersey Medical School, Newark, 
NJ; 3Medicine (Dermatology), Rutgers-New Jersey Medical School, 
Newark, NJ.
Purpose: G-quadruplex DNA (G4-DNA) is recognized in telomeres, 
and non-telomeric genomic DNAs. They regulate normal biological 
processes (e.g., recombination, transcription, replication) and 
pathologies. The lens provides a tissue to examine differentiation, cell 
cycle, mitosis, and cell death [terminal differentiation (denucleation)]. 
Therapeutically targeting G4-DNA might prove helpful in treating 
cataracts, and learning more about the mechanisms that regulate cell 
death. Previous research shows that there is an increase in ss-DNA, 
and a gradual decline of canonical B-DNA and Z-DNA in terminally 
differentiating fiber cells in adult lens. We hypothesize that G4-DNA 
will be minimal within the central zone epithelium (quiescent), with a 
gradual increase in the germinative zone and differentiating cells, and 
then a gradual decline within the nucleated secondary fiber cells.
Methods: Lewis rat eyes were fixed in 10% NBF or Davidson’s for 
48 hrs. Tissues were processed to obtain paraffin-embedded 3 μm 
sections. Colorimetric/fluorescence staining was performed with an 
anti-G4-DNA MAb and conjugated 2° antibody to locate staining 
sites and quantify staining intensities. Microscopic procedures 
were performed using a Leitz DMRB microscope. Quantification 
of staining was determined as mean optical density (MOD) units 
(Quantimet 500+ image-analysis system). Results were expressed as 
the mean ± standard deviation, and the statistical significance was 
measured at p<0.05.
Results: Our group successfully demonstrated the presence of  
G4-DNA in lens tissue. Tissues fixed in Davidson resulted in superior 
morphology/immunostaining. The highest MODs were seen in 
mitotic cells. Staining was also identified at weaker MODs within the 
anterior epithelium and secondary nucleated fibers.
Conclusions: We conclude that G4-DNA is located within the lens 
and may play a role in regulating epithelium, lens fibers, mitosis, and 
cell death. Antigen Retrieval suggests that G4-DNA is covered by 
many G4-DNA binding proteins. G4-DNA gradually declined within 
the secondary fiber cells, similar to B-DNA and Z-DNA, indicating 
the destruction of DNA in denucleating fibers. All DNAs examined 
are undergoing destruction during denucleation. Knowledge of G4-
DNA in lens cells and fibers may shed light on the molecular biology 
of cataracts and cancerous tissues.
Commercial Relationships: Maryam Y. Rabbani, None; 
Claude E. Gagna, None; Stephanie Sawyer, None; Nehah Raza, 
None; Suhani Shah, None; Peter Lambert, None;  
W. Clark Lambert, None; Astha Desai, None
Support: TriBeta Biological Society 212070 and NYIT- ISRC grant 
(no number)
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Program Number: 1716 Poster Board Number: A0194
Presentation Time: 11:00 AM–12:45 PM
Single-cell Gene Expression: Analysis of Individual Fiber Cells 
and the Lens Phenotype
Suraj P. Bhat1, 2, Rajendra K. Gangalum1, Dennis Mock1. 
1Ophthalmology, Stein Eye Institute UCLA, Los Angeles, CA; 
2Molecular Biology Institute & Brain Research Institute, UCLA, Los 
Angeles, CA.
Purpose: Ocular lens is a highly organized structure that sustains a 
physical phenotype of a refractive index gradient, which is critical for 
the focused transmission of light into the eye. In the mammalian lens, 
refractive index (RI) follows a gradual increase from the outer cortex 
to the lens nucleus, which contributes to the optical properties (of 
the lens) including transparency and the ability of the eye to receive 
clear images from a wide range of distances and directions. In order 
to understand the biological parameters that dictate the generation of 
the graded precision of the RI, we have examined gene expression 
activity in the individual fiber cells of the mouse ocular lens.
Methods: Based on previously published work we have developed 
methodologies for the manual isolation of fiber cells from the 
developing postnatal mouse lens. RNA, isolated from individual fiber 
cells was interrogated either by 48 or 96 genes (including crystallins, 
membrane proteins and transcription factors) for their expression 
via real-time polymerase chain reaction (RT-PCR) in a microfluidic 
Biomark chip (Fluidigm, Inc. Palo Alto).
Results: The RI of the lens is generated by the presence of high 
concentrations of proteins in the individual fiber cells that make 
the bulk of the ocular lens. Our data reveals a remarkable range of 
expression for a number of genes examined. Both crystallins, (the end 
products of the terminal differentiation) as well as the transcription 
factors showed burst-wise expression profiles. Cataloging of the 
expression within outer, intermediate and inner fiber cells reveals that 
this heterogeneity is in fact ordered; there is a gradation of expression 
(closely associated Ct values) suggesting precise control of gene 
activity in individual fiber cells that may be adjacently placed.
Conclusions: Our data reveals fiber cell-specific precision in the 
expression kinetics of a large number of genes, suggesting that the 
heterogeneity of gene expression within the lens fiber cells is not 
random but directed and regulated. Based on the known phenotype 
of the fiber cells, which is represented by the concentration of gene 
products (proteins), essential for the generation of a graded refractive 
index for a functional lens, our data points to the presence of a 
mechanism that must coordinately regulate gene activity in every 
individual cell for the realization of the phenotype, characteristic of 
that particular tissue.
Commercial Relationships: Suraj P. Bhat, None; 
Rajendra K. Gangalum, None; Dennis Mock, None
Support: NIH Grant to SPB 1R01EY024929

Program Number: 1717 Poster Board Number: A0195
Presentation Time: 11:00 AM–12:45 PM
RNA-seq based identification of long non-coding RNAs 
(lncRNAs) in early lens development
Deepti Anand1, Atul Kakrana2, 3, Archana D. Siddam1, Irfan Saadi4, 
Salil Lachke1, 2. 1Biological Sciences, University of Delaware, 
Newark, DE; 2Center for Bioinformatics and Computational Biology, 
University of Delaware, Newark, DE; 3Delaware Biotechnology 
Institute, University of Delaware, Newark, DE; 4University of Kansas 
Medical Center, Department of Anatomy and Cell Biology, Kansas 
City, KS.
Purpose: One of the unanticipated findings of the post-genome era is 
the widespread transcription of non-coding genomic DNA that leads 
to thousands of diverse long non-coding RNAs (lncRNAs). Despite 

the numerous insights into their involvement in regulating diverse 
cellular events, a comprehensive atlas of lncRNA expression in the 
lens is unavailable. We report the identification of lncRNAs from the 
early stages of mouse lens development, beginning at the lens vesicle 
stage, by RNA-sequencing (RNA-seq)
Methods: Mouse lenses were micro-dissected at the lens vesicle 
stage (Embryonic day (E) 10.5), initiation of primary fiber 
differentiation stage (E12.5), and beyond (14.5, E16.5) and analyzed 
by deep paired-end RNA-seq. Further, to include in this analysis late 
embryonic and early postnatal (P) lens stages, we obtained mouse 
lens RNA-seq data for E15.5, E18.5, P0, P3, P6 and P9 from NCBI 
GEO
Results: This comprehensive data from ten distinct lens embryonic 
and early postnatal development stages together provided >1,145 
million genome mapped read pairs. The ab-initio assembly from 
this data reconstructed a total of 36,453 high-confidence transcripts 
generated from 11,848 distinct transcriptional loci. Preliminary 
analysis of this high-quality lens transcriptome identified 4,996 long 
non-coding transcripts that are expressed in at-least two different 
developmental stages in lens at expression level >1 FPKM. These 
include 3,421 previously annotated non-coding RNAs, 1,118 
lncRNAs with sense overlap with coding genes, 68 cis-natural 
antisense (cis-NAT) lncRNAs and 105 novel lincRNAs transcripts. 
As expected, lncRNAs expressed in lens shows a stark difference 
with protein-coding transcripts in number of exons and length of 
transcripts, lncRNA transcripts were 905-nt long on average with 3.2 
exons, compared to 3175-nt long coding transcripts that have 11.5 
exons on average. Interestingly, 457 and 496 lncRNA candidates 
were specifically expressed in embryonic and post-natal lens stages, 
respectively
Conclusions: As an important step toward understanding lncRNA 
function in the lens, these RNA-seq efforts provide a comprehensive 
atlas of the temporal expression of lncRNAs in the developing mouse 
lens. Integration of these lncRNA data –along with other transcript 
expression data obtained from these RNA-seq efforts– in the eye 
gene discovery tool iSyTE will impact future studies on the molecular 
control of lens development
Commercial Relationships: Deepti Anand, None; Atul Kakrana, 
None; Archana D. Siddam, None; Irfan Saadi, None; Salil Lachke, 
None
Support: NIH/NEI R01 EY021505

Program Number: 1718 Poster Board Number: A0196
Presentation Time: 11:00 AM–12:45 PM
Expression and functional studies of miRNAs in lens development
Peipei Qi1, Thanh V. Hoang1, Brad Wagner1, Lin Liu1, 
Aswati Subramanian1, Panagiotis A. Tsonis2, Chun Liang1, 
Michael L. Robinson1. 1Biology, Miami University, Oxford, OH; 
2Department of Biology, University of Dayton, Dayton, OH.
Purpose: This study aimed to provide a comprehensive comparison 
of miRNA expression between newborn mouse lens epithelial cells 
and lens fiber cells using small RNA-Seq. The role of several highly 
expressed candidate miRNAs (miR-1, miR-184 and miR-26) was 
then characterized in mice where these miRNAs were systematically 
deleted.
Methods: Total RNAs were extracted from newborn lens epithelial 
and fiber cell fractions and small RNAs were isolated by size-
selection for 50bp-single-ended sequencing. Differential expression 
of miRNA was then analyzed using DESeq package. Knockout 
mice for miR-184 and for each of the three members of miR-26 
family were generated using CRISPR/Cas9 genome editing via 
zygote microinjection. Histology staining was performed for gross 
morphological analysis on lenses of all knockout mice. Additionally, 
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a series of miR-184 and miR-26 target genes were predicted using a 
combination of several bioinformatics tools. RT-qPCR assays were 
carried out to analyze the effects of miRNA deletion on the expression 
of these genes.
Results: Our miRNA-Seq data analysis showed that the most 
abundant miRNAs in the lens include: miR-1-3p, miR-184-5p, miR-
26a-5p, miR-204-5p, miR-211-5p and members of the let-7 family. 
Despite of high expression of miR-1-3p exclusively in lens fibers, 
no obvious morphological defects appeared in newborn single or 
double miR-1 (miR-1-1 and miR-1-2) knockout lenses. Mice deficient 
in miR-184 displayed no obvious morphological defects in the lens 
up to one year of age, but loss of miR-184 led to dysregulated gene 
expression. Deleting one or two of three miR-26 family members 
(miR-26a1, miR-26a2 and miR26b) failed to result in any obvious 
eye defects. However, loss of all three (6 alleles) of miR-26 family 
members caused severe nuclear cataract in mice over 6 weeks of 
age. Cataract-associated gene expression analysis showed that lenses 
lacking miR-26 exhibited increased Pten and EphA2 expression, but 
substantially reduced expression of Slc4a4 and Hsp25 relative to the 
control lenses.
Conclusions: This miRNA-Seq analysis provided a comprehensive 
view of both the relative abundance and differential expression of 
miRNAs from lens epithelial cells and lens fiber cells. Although no 
single miRNA gene deletion tested resulted in lens abnormalities, 
deletion of all six miRNA-26 alleles results in abnormal postnatal lens 
development and/or homeostasis.
Commercial Relationships: Peipei Qi, None; Thanh V. Hoang, 
None; Brad Wagner, None; Lin Liu, None; Aswati Subramanian, 
None; Panagiotis A. Tsonis, None; Chun Liang, None; 
Michael L. Robinson, None
Support: NH Grant EY012995

Program Number: 1719 Poster Board Number: A0197
Presentation Time: 11:00 AM–12:45 PM
Investigating the Proteome of the ocular lens at multiple 
developmental time points through mass spectrometry-based 
protein sequencing
Shahid Y. Khan1, Muhammad Ali1, Chan-Hyun Na2, Akhilesh Pandey2, 
Sean Hackett1, S Amer Riazuddin1, 2. 1The Wilmer Eye Institute, Johns 
Hopkins University School of Medicine, Baltimore, MD; 2McKusick-
Nathans Institute of Genetic Medicine, Johns Hopkins University 
School of Medicine, Baltimore, MD.
Purpose: The proteome is the entire repertoire of proteins present in 
a cell at any time. We undertook mass spectrometry-based proteome 
sequencing to gain insight into the developing mouse lens and to 
establish a resource for characterizing the critical components of lens 
development.
Methods: We extracted mouse lenses at six developmental time 
points, including two embryonic (E15 and E18) and four postnatal 
time points (P0, P3, P6, and P9). The ocular tissue was maintained 
in three distinct pools to serve as biological replicates for each time 
point. Total protein was isolated, digested with trypsin and labeled 
with isobaric tandem mass tags (TMT). Three independent 6-plex 
TMT experiments were performed. The digested, labeled peptides 
were pooled and fractionated into 96 samples by basic pH reversed-
phase liquid chromatography, followed by concatenation into 24 
fractions. Tandem mass spectra were collected with an Orbitrap 
Fusion Lumos mass spectrometry instrument using Synchronous 
Precursor Selection MS3. The raw data from MS was analyzed with 
Proteome Discoverer 2.1 and differential expression was performed 
with Perseus software.
Results: A total of 6,712 proteins were identified (in at least one of 
the three TMT sets) in the mouse lens at the above-mentioned six 

developmental time points. Of these, 6,675 proteins were reliably 
quantitated, and 5,029 proteins were identified in at least two of the 
TMT sets. Crystallin and heat shock proteins constituted the most 
abundantly expressed species in the lens proteome. A total of 98 
proteins exhibited differential expression (up- or down-regulated) 
during the developmental time course compared to their levels at 
embryonic day 15. We identified a total of 321 autophagy-associated 
proteins in the lens proteome. Comparative analysis of the proteome 
data with our previously published lens transcriptome identified 5,606 
common entries present both in the proteome and transcriptome data 
sets.
Conclusions: We have established a comprehensive profile of the 
developing murine lens proteome through mass spectrometry-
based proteome sequencing. To the best of our knowledge, this is 
the first report investigating a comprehensive lens proteome at six 
developmental time points. This repository will be fundamental in 
elucidating the processes essential for the development of the ocular 
lens and the maintenance of its transparency.
Commercial Relationships: Shahid Y. Khan; Muhammad Ali, 
None; Chan-Hyun Na, None; Akhilesh Pandey, None; 
Sean Hackett, None; S Amer Riazuddin, None
Support: R01EY022714

Program Number: 1720 Poster Board Number: A0198
Presentation Time: 11:00 AM–12:45 PM
Investigation of mRNA and protein targets of the RNA-binding 
protein Celf1 in mouse lens development
Sandeep Aryal1, Archana D. Siddam1, Carole Gautier-Courteille3, 
Luc Paillard3, Salil Lachke1, 2. 1Department of Biological Sciences, 
University of Delaware, Newark, DE; 2Center for Bioinformatics 
and Computational Biology, University of Delaware, Newark, DE; 
3Institut de Genetique et Development de Rennes, Universite de 
Rennes, Rennes, France.
Purpose: Deletion of a novel RNA-binding protein Celf1 causes lens 
defects and cataracts in mouse and fish. In non-ocular tissues, Celf1 
is known to regulate gene expression by distinct post-transcriptional 
control mechanisms. Yet, the nature of the factors resulting from 
Celf1 deficiency that contribute to lens pathology remains unclear. 
To gain insights into Celf1 function in the lens, we have identified 
Celf1-direct binding transcripts. These data, combined with detailed 
phenotypic and molecular characterization of Celf1 mouse mutant 
lenses, allow the development of a comprehensive model wherein 
Celf1 mediates post-transcriptional control of several critical 
regulators of lens fiber differentiation.
Methods: Celf1 conditional knockout (Celf1cKO) mice were 
generated using the Pax6GFPCre mouse line. RNA-sequencing was 
performed using Illumina HiSeq platform to identify differentially 
expressed transcripts in Celf1cKO lenses. RNA immunoprecipitation 
(RIP) and cross-linking immunoprecipitation followed by RT-qPCR 
were performed on wild-type mouse lenses to identify Celf1-
associated transcripts.
Results: RIP analysis identifies several Celf1-binding transcripts that 
encode factors important for lens biology, including Prox1 and Actn2. 
Interestingly, while Prox1 transcript levels remained unchanged, 
its protein levels were found to be up-regulated in the anterior 
epithelium of Celf1cKO lenses. In contrast, Actn2 was found to be 
down-regulated on both transcripts and protein levels in Celf1cKO 
lenses. Insights into the phenotypic consequence of mis-regulation 
of these factors were obtained from the observations that the anterior 
epithelium exhibited defective expression of several epithelial-marker 
genes, while fiber cells exhibited abnormalities in the F-actin staining 
pattern in Celf1-cKO lenses.
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Conclusions: We report new Celf1-target transcripts in the lens, 
namely those encoding the transcription factor Prox1 and the 
actin-binding protein Actn2. Extending our previous findings of 
Celf1-based regulation of the cyclin-dependent kinase inhibitor p27 
(Cdkn1b) and the nuclease Dnase2b, the present data indicate that 
Celf1 is involved in the negative regulation of Prox1 expression in 
the lens epithelium and is required for Actn2 expression in lens fiber 
cells. Together, these data serve to further define the mechanisms 
of Celf1-mediated control of the transcriptome and proteome in the 
developing lens.
Commercial Relationships: Sandeep Aryal; Archana D. Siddam, 
None; Carole Gautier-Courteille, None; Luc Paillard, None; 
Salil Lachke, None
Support: NIH/NEI R01 EY021505

Program Number: 1721 Poster Board Number: A0199
Presentation Time: 11:00 AM–12:45 PM
Identification of RNA targets and protein binding partners of 
Tdrd7 in the mouse lens
Salma Al Saai1, Hayes W. McDonald3, Kevin Schey3, Salil Lachke1, 2. 
1Biological Sciences, University of Delaware, Newark, DE; 2Center 
for Bioinformatics and Computational Biology, University of 
Delaware, Newark, DE; 3Department of Biochemistry, Vanderbilt 
University School of Medicine, Nashville, TN.
Purpose: Deficiency of TDRD7 (Tudor domain containing protein 7) 
causes cataracts in human, mouse and chicken. Tdrd7, a component 
of RNA-protein complexes, is involved in post-transcriptional control 
of gene expression in cell differentiation. While the Tudor domains 
in Tdrd7 are predicted to interact with methylated arginines or 
lysines in other proteins, its LOTUS domains are predicted to bind 
RNA. Tdrd7 germline knockout mice exhibit lens fiber cell defects 
and mis-regulation of several fiber-expressed factors. However, the 
mechanism of Tdrd7-mediated regulation in the lens remains unclear. 
For example, the Tdrd7-interacting components in the lens are not 
defined. To gain insights into Tdrd7 function, this study focused on 
the identification of its RNA targets and protein binding partners in 
the mouse lens.
Methods: Lenses were isolated from wild-type ICR mice at postnatal 
day 8 for use in immunoprecipitation (IP) assays with Tdrd7-specific 
antibody or IgG antibody (control). The IP was subjected to mass 
spectrometry analysis for identification of proteins that were present 
in the Tdrd7 pull-down complex. For RNA immunoprecipitation 
(RIP) assay, RT-qPCR was performed after Tdrd7-IP.
Results: Investigation of Tdrd7-protein partners by mass 
spectrometry detected 8 proteins that had at least two independent 
polypeptides recognized at <5% FDR specifically in the Tdrd7-IP, 
but not in the control. Tdrd7 was detected in the test but not in the 
control, indicative of the specificity of the pull-down. The other 
candidate proteins identified in Tdrd7-IP but not in control are: 
Tubb4b (Tubulin, beta 4B), Tuba1b (Tubulin, alpha 1B), Eef1a1 
(Eukaryotic translation elongation factor 1 alpha 1), Utp20 (Small 
subunit (SSU) processome component 20), Crygc (Gamma crystallin 
C), Crygs (Gamma crystallin S), Crybb2 (Beta crystallin B2). 
Interestingly, Utp20 and Eef1a1 are involved in rRNA-processing and 
translation, respectively. Investigation of Tdrd7-target RNAs by RIP 
assay identified enrichment of Hsbp1 (Heat shock protein b1) and 
Actn2 (Actinin alpha 2) mRNAs, both of which are down-regulated 
in Tdrd7-/- mouse lenses, in turn suggesting the direct control of 
these factors by Tdrd7.
Conclusions: We have investigated Tdrd7-target transcripts and 
protein-binding partners in mouse lens. In addition to its potential 
involvement in protein translation, these data suggest that Tdrd7 
functions in the control of lens fiber cytoskeleton.
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Tob1 and Tob2 mark distinct RNA processing granules in 
differentiating lens fibre cells
Robbert De Iongh3, Rafaela Perez3, Mary Familari1, 
Gemma Martinez3, Frank J. Lovicu2, Gary Hime3. 1Zoology, 
University of Melboure, Parkville, VIC, Australia; 2Anatomy & 
Histology, University of Sydney, Sydney, VIC, Australia; 3Anatomy 
& Neuroscience, University of Melbourne, Parkville, VIC, Australia.
Purpose: Lens fibre cell differentiation involves a complex interplay 
of growth factor signals and tight control of gene expression via 
transcriptional and post-transcriptional regulators. Recent studies 
have demonstrated an important role for RNA-binding proteins, 
functioning in ribonucleoprotein granules, in regulating post-
transcriptional expression during lens development. In this study we 
examined expression of Tob1 and Tob2, members of the BTG/Tob 
family of RNA-binding proteins, and examined the role of Tob1 in 
lens development.
Methods: Expression of Tob1 and Tob2 mRNA were detected by RT-
PCR and in situ hybridisation and proteins were localized by double 
labelling immunofluorescence. The phenotype of Tob1-/- lenses was 
examined by histology and immunofluorescence for cell proliferation 
and differentiation markers.
Results: Tob1 and Tob2 mRNA were most intensely expressed in the 
early differentiating fibres, with weaker expression in the anterior 
epithelial cells and were down-regulated in the germinative zone of 
E15.5 lenses. Tob1 protein was detected from E11.5 to E16.5 and was 
predominantly detected in large cytoplasmic and occasional nuclear 
puncta in early differentiating fibre cells, often co-localising with 
the P-body marker, Dcp2. By contrast, Tob2 was detected in later 
differentiating fibre cells in the inner cortex, did not co-localise with 
Dcp2 and appeared to be present in polysomes. In vitro experiments 
using rat lens epithelial explants treated with or without a fibre 
differentiating dose of FGF2 showed that both Tob1 and Tob2 were 
up-regulated during FGF-induced differentiation. In differentiating 
explants, Tob1 also co-localised with Dcp2 in large cytoplasmic 
granules. Preliminary analysis of Tob1 mutants did not reveal a 
marked change in phenotype.
Conclusions: hese findings suggest that Tob proteins play distinct, 
but apparently non-essential roles in RNA processing during lens 
fibre differentiation.
Commercial Relationships: Robbert De Iongh, None; 
Rafaela Perez, None; Mary Familari, None; Gemma Martinez, 
None; Frank J. Lovicu, None; Gary Hime, None
Support: RCP - Programa CiÊncias Sem Fronteiras


