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Regulation of TGF-β bioavailability in lens
Mahbubul Shihan, Mallika Pathania, Yan Wang, Melinda K. Duncan. 
Biological Sciences, University of Delaware, Newark, DE.
Purpose: Posterior capsular opacification (PCO) is the major 
complication of cataract surgery and compromises its outcome. 
Transforming growth factor beta (TGF-β) signaling mediates 
PCO, although how TGF-β is activated following cataract surgery 
is unknown. Fibronectin, an extracellular matrix (ECM) protein, 
concentrates latent TGF-β into the ECM. In a mouse cataract surgery 
model, fibronectin mRNA levels upregulate by 24 hours post cataract 
surgery (PCS), and fibronectin protein is deposited around fibrotic 
lens epithelial cells (LECs) by 48 PCS, which led us to hypothesize 
that fibronectin is critical for PCO pathogenesis.
Methods: Mice were created lacking fibronectin from the lens 
(FNcKO) using the Cre-lox system mediated by MLR10-Cre. 
FNcKO lens morphology was analyzed by conventional histology 
and scanning electron microscopy. Lens fiber cells were removed 
from adult mice to model cataract surgery and the capsular bags 
monitored for PCO development. The dynamic localization of 
epithelial mesenchymal transition (EMT) and fiber cell markers, 
latent TGF-β binding proteins (LTBPs), TGF-βs and pSMAD3 
activation (downstream mediator of TGF-β signaling) were 
determined by immunolocalization.
Results: FNcKO mouse lenses are morphologically indistinguishable 
from wild type (WT). Fibronectin protein deposition around 
remnant LECs was first observed at 48 hours PCS, while this was 
greatly increased by 5 days PCS. While both WT and FNcKO mice 
developed an early fibrotic response at 48 hours PCS as measured 
by α- smooth muscle actin (αSMA) upregulation, FNcKO mice did 
not maintain the long term fibrotic response at 5 days PCS. Further, 
pSMAD3 levels were much lower in FNcKO LECs compared to WT 
by 5 days PCS. Higher levels of intracellular LTBP1 and TGF-β2 
(the most abundant LTBP and TGF-β expressed in the mouse lens) 
was seen in unoperated LECs of FNcKO mice compared to WT mice, 
whereas extracellular deposition of LTBP1 is lost after surgery in 
FNcKO mice compared to WT mice.
Conclusions: Loss of fibronectin after lens vesicle closure does 
not affect lens morphology, likely due to its low basal expression. 
However, fibronectin levels increase during PCO and this is crucial 
for the long term fibrotic response PCS. Mechanistically, in LECs, 
fibronectin may regulate the secretion and extracellular deposition of 
latent TGF-β complexes. Overall these data suggest that fibronectin is 
an essential regulator of TGF-β bioavailability during PCO.
Commercial Relationships: Mahbubul Shihan, None; 
Mallika Pathania, None; Yan Wang, None; Melinda K. Duncan, 
None
Support: NH grant EY015279

Program Number: 3787
Presentation Time: 8:45 AM–9:00 AM
TGFß-induced EMT leading to cataractogenesis requires  
Nox4 activity
Shannon J. Das1, 2, Emma Collinson1, 2, Karin Jandeleit-Dahm3, 
Harald Schmidt4, Frank J. Lovicu1, 2. 1Anatomy and Histology, 
University of Sydney, Sydney, NSW, Australia; 2Bosch Institute, 
Sydney, NSW, Australia; 3Medicine, Monash University, Melbourne, 
VIC, Australia; 4Pharmacology, Maastricht University, Maastricht, 
Netherlands.
Purpose: Transforming Growth Factor-β (TGFβ) can induce 
an epithelial to mesenchymal transition (EMT) in the lens that 
results in anterior subcapsular cataract (ASC) or posterior capsular 
opacification (PCO). We have previously shown that the reactive 
oxygen species (ROS) producing enzyme, NADPH oxidase 4 
(Nox4), is upregulated in response to TGFβ-signaling in lens and that 
pharmacological inhibition of Nox4 abrogated aspects of EMT. To 
better elucidate the role(s) of Nox4 in lens EMT in situ, the present 
study utilised a mutant mouse line deficient for Nox4.
Methods: Mice overexpressing bioactive TGFβ specifically in 
the lens, that develop ASC, were crossed to Nox4 deficient mice. 
The eyes of the resultant progeny were grossly examined for the 
presence/absence of cataract, collected and processed for histological 
evaluation. Eye sections were Periodic-Acid Schiff stained, and 
immunofluorescence was used to assess for changes in EMT and 
cataract markers. Additionally, lenses from wild-type (WT) or Nox4-
deficient mice were isolated, explanted and treated with exogenous 
TGFβ2 (200pg/ml) to assess for the progression of EMT in vitro.
Results: When mice overexpressing bioactive TGFβ specifically 
in lens were crossed to the mutant mice deficient for Nox4, by 
postnatal day 21, lens from the resultant transgenic progeny were 
found to be transparent and did not present anterior subcapsular 
cataracts typically seen in TGFβ overexpressing lines. Histology 
and immunolabeling of these lenses revealed the absence of any 
significant EMT or cataractous plaques, in contrast to TGFβ 
overexpressing mice that presented subcapsular plaques. Our in vitro 
study validates these findings and lends itself to further characterise 
the specific molecular mechanisms involved in lens EMT.
Conclusions: These results indicate that in mice, Nox4 plays a role 
in the development of TGFß-induced EMT leading to cataract in situ. 
Taken together, these findings now provide a platform allowing us to 
delineate the specific targets of Nox4-derived ROS leading to EMT 
and cataract.
Commercial Relationships: Shannon J. Das, None; 
Emma Collinson, None; Karin Jandeleit-Dahm, None; 
Harald Schmidt, None; Frank J. Lovicu, None
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Role of HIF-1α in TGF-β2 Induced Epithelial to Mesenchymal 
Transition in Lens Epithelial Cells
Rooban B. Nahomi, Ram H. Nagaraj. Ophthalmology, University of 
Colorado Denver, Aurora, CO.
Purpose: Purpose: Transforming growth factor (TGF-β2) mediated 
pathways are integral to the epithelial to mesenchymal transition 
(EMT) of lens epithelial cells (LECs) during secondary cataract 
formation. Previous studies have suggested that hypoxia inducible 
factor-1α (HIF-1α) could play a role in EMT. In this study we 
investigated the role of HIF-1α in TGF-β2-induced EMT of human 
LECs.
Methods: Methods: Human lens epithelial cells (FHL124)  
were cultured at 21% or 1% oxygen and treated with TGF-β2  
(10 ng/ml) for 48 h to induce the EMT response. The HIF-1α and 
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VEGF-A levels were measured by western blotting and ELISA, 
respectively. To determine the direct effect of HIF-1α on the EMT 
of LECs, FHL124 cells were treated with either a prolyl hydroxylase 
inhibitor, dimethyloxaloylglycine (DMOG, 0 to 10 μM or 500 μM) 
or it was overexpressed by transfecting with a HIF-1α plasmid. To 
further study the role of HIF-1α in TGF-β2 induced EMT, we used 
200 nM of KC7F2, a HIF-1α translation inhibitor. To check the direct 
effect of VEGF-A on EMT, cells were cultured with 0 to 100 ng/ml 
of recombinant human VEGF-A. Expression of various EMT markers 
was analyzed by western blotting.
Results: Results: TGF-β2 treatment resulted in the upregulation 
of EMT markers (αSMA, αV and β1 -Integrin), which was largely 
independent of the oxygen levels. TGF-β2 treatment increased 
the HIF-1α levels in cells, along with the VEGF-A levels in the 
conditioned media. HIF-1α upregulation either by DMOG treatment 
or forced overexpression (without TGF-β2 treatment) failed to 
induce the EMT response. Direct VEGF-A treatment also showed no 
EMT response. However, the TGF-β2 mediated EMT response was 
significantly reduced in cells treated with KC7F2, and also in cells 
treated with high levels of DMOG (500 μM).
Conclusions: Conclusion: Our results suggest that the mild 
upregulation of HIF-1α might be necessary for the TGF-β2-mediated 
EMT response in lens epithelial cells, but that is independent of 
VEGF-A.
Commercial Relationships: Rooban B. Nahomi, None; 
Ram H. Nagaraj, None
Support: EY022061, EY023286 and a challenge grant from RPB
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PCO and the TGFβ paradox
Linda Musil. Biochemistry & Molecular Biology, Oregon Health & 
Science Univ, Portland, OR.
Purpose: In cancer, is it well know that TGFβ can act as a tumor 
suppressor as well as an enhancer of tumor growth (the so-called 
“TGFβ paradox”). In intact rodent lens in vivo and in our primary 
lens cell cultures, TGFβ can induce lens cells to undergo two very 
different, PCO-causing cell fates: differentiation into myofibroblasts, 
or into immature lens fiber cells. Because TGFβ signaling is linked to 
PCO, we are investigating how TGFβ can promote lens cells to adopt 
two such disparate phenotypes.
Methods: Serum-free, primary cultures of embryonic chick lens 
epithelial cells grown on laminin (DCDMLs) were treated with 4 ng/ml  
TGFβ for 6 days. The effect of manipulating signaling pathways on 
differentiation of DCDMLs was assessed using established markers 
of lens fiber cells (δ-crystallin, CP115, CP49; AQP0) or EMT 
(procollagen I, fibronectin; α-SMA in stress fibers). The activity 
of MTOR complex 2 (MTORC2) was assessed by monitoring the 
phosphorylation of its direct downstream target AKT on serine 473.
Results: We have shown that in DCDMLs, inhibitors of p38 are 
among the conditions that prevent TGFβ from inducing EMT and 
myofibroblast differentiation without blocking lens fiber formation. 
Rapamycin has the opposite effect. Downregulation of TGFβ-induced 
fiber differentiation by rapamycin is associated with inhibition of 
MTORC2 in a process in which AKT does not appear to play a key 
role. A 6 day treatment with rapamycin also increased the proportion 
of cells in DCDMLs that have myofibroblast properties compared 
to cells cultured with TGFβ alone. We demonstrate that rapamycin’s 
ability to block fiber differentation is not a downstream consequence 
of upregulation of EMT, nor is enhancement of EMT dependent on 
decreased fiber formation. Inhibitors of p38 or MTOR do not affect 
cell viability or stimulate cell proliferation in the presence of TGFβ.

Conclusions: Inhibition of MTOR favors TGFβ-mediated fibrosis by 
both preventing lens fiber formation (likely by blocking MTORC2) 
and by upregulating myofibroblast differentiation (likely by inhibiting 
MTORC1). An individual lens epithelial cell does not appear to be 
preprogramed to respond to TGFβ by either differentiating into a 
lens fiber cell or into a myofibroblast, but instead has the capacity 
to undergo either cell fate depending on extrinsic factors. By 
understanding and manipulating these factors, lens cells could remain 
epithelial after cataract surgery, thereby preventing the development 
of PCO.
Commercial Relationships: Linda Musil, None
Support: R01 EY022113
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Sulforaphane promotes ER stress, autophagy and cell death: 
implications for posterior capsule opacification
Michael Wormstone1, Hanruo Liu1, 2, Andrew J. Smith1, Simon Ball1, 
Yongping Bao3, Richard Bowater1, Ningli Wang2. 1School of 
Biological Sciences, University of East Anglia, Norwich, United 
Kingdom; 2Beijing Institute of Ophthalmology, Beijing Tongren 
Hospital, Beijing, China; 3Norwich Medical School, University of 
East Anglia, Norwich, United Kingdom.
Purpose: Posterior capsule opacification (PCO) commonly develops 
following cataract surgery and is a wound-healing response that can 
ultimately lead to secondary visual loss. Improved management of 
this problem is required. The isothiocyantae, sulforaphane (SFN) is 
reported to exert cytoprotective and cytotoxic actions and the latter 
may be exploited to treat/prevent PCO.
Methods: The human lens epithelial cell line FHL124 and human 
lens capsular bag system were used as experimental models. The 
MTS assay was used to assess cell populations and the LDH assay 
was employed to assess cell damage/death. To determine migration, 
a scratch assay was performed. Gene expression and protein levels 
were determined using real-time PCR and western blot methods 
respectively. To investigate protein distribution and cell architecture 
immunofluorescence and transmission electron microscopy were 
utilized. Level of reactive oxidant species (ROS) was determined 
using a commercially available kit (Promega). In vitro capsular bags 
were generated from human donor eyes by simulated cataract surgery, 
isolated by cutting of the zonules and secured to a 35mm tissue 
culture dish using entomological pins. Ongoing observations were 
made using phase-contrast microscopy.
Results: SFN concentrations of 10μM and above significantly 
impaired wound-healing in a human lens capsular bag model. A 
similar pattern of response was also seen with a human lens cell 
line, FHL124. SFN treatment promoted increased expression of 
ER stress genes, which also corresponded with protein expression. 
Evidence of autophagy was observed in response to SFN as 
determined by increased LC3-II levels and detection of autophagic 
vesicles. This response was disrupted by established autophagy 
inhibitors chloroquine and 3-MA. SFN was found to promote MAPK 
signaling and inhibition of ERK activation, using U0126, prevented 
SFN induced LC3-II elevation and vesicle formation. SFN also 
significantly increased levels of ROS.
Conclusions: Taken together, our findings suggest that SFN is 
capable of inducing ER stress and autophagy, which could contribute 
to reduced lens cell growth and viability. SFN could thus serve as a 
putative therapeutic agent for PCO.
Commercial Relationships: Michael Wormstone, None; 
Hanruo Liu, None; Andrew J. Smith, None; Simon Ball, None; 
Yongping Bao, None; Richard Bowater, None; Ningli Wang, None
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(30471861)and Beijing Scholars of Beijing Municipal Government.
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Extracellular vimentin secreted in response to injury induces 
emergence of fibrosis-causing myofibroblasts
Janice L. Walker1, 2, Alhanoof A. Alnwibit1, Alison R. Romisher1, 
Brigid Bleaken1, A Sue Menko1, 2. 1Pathology/Anatomy&Cell Biology, 
Thomas Jefferson University, Philadelphia, PA; 2Ophthalmology, 
Thomas Jefferson University, Philadelphia, PA.
Purpose: The vimentin intermediate filament protein can exist as a 
cytoskeletal filament, as soluble forms that are involved in regulating 
dynamic cellular processes, and as an extracellular signal. Using an 
ex vivo mock cataract surgery model for fibrosis we studied whether 
vimentin regulates the process by which mesenchymal leader cells 
that respond to injury acquire a myofibroblast phenotype associated 
with fibrotic disease.
Methods: An ex vivo mock cataract surgery model for tissue injury 
was used that recapitulates the major features of the lens fibrotic 
disease Posterior Capsule Opacification (PCO). For these studies we 
focused on the mesenchymal leader cells that move off the edge of 
the explant onto the rigid tissue culture substrate and differentiate 
to myofibroblasts. Vimentin was localized by confocal microscopy 
following immunofluorescence staining. Extracellular vimentin in the 
media in response to injury was assessed by Western blot analysis. 
Presence of vimentin on the cell surface was determined by live 
immunolabeling and immunolabeling of fixed non-permeabilized 
cultures, and with biotinylation studies. Vimentin signaling of 
myofibroblast differentiation was examined with both the vimentin 
inhibitor Withaferin A (WFA) and monoclonal antibodies to vimentin. 
Myofibroblast emergence was determined by expression of αSMA.
Results: In studies with our ex vivo lens injury model we discovered 
that extracellular vimentin was secreted by the cells in response to 
wounding. This soluble form of vimentin associates with the cell 
surface of mesenchymal leader cells that become myofibroblasts. 
WFA, a vimentin inhibitor that targets soluble vimentin prevents 
myofibroblast emergence. Importantly, exposure of the cultures to 
two distinct monoclonal antibodies to vimentin also blocked leader 
cell differentiation to myofibroblasts.
Conclusions: These studies reveal for the first time a role for 
extracellular vimentin in inducing myofibroblast differentiation 
associated with fibrotic disease. Moreover, targeting extracellular 
vimentin with monoclonal antibodies may provide a valuable 
therapeutic tool for the prevention and treatment of fibrotic disease.
Commercial Relationships: Janice L. Walker, None; 
Alhanoof A. Alnwibit, None; Alison R. Romisher, None; 
Brigid Bleaken, None; A Sue Menko, None
Support: NIH Grant EY021784
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Ankyrin-G Deficiency Disrupts Lens Epithelial Phenotype, 
Morphogenesis and Shape in Mouse
Rasiah Pratheepa kumari1, Vann Bennett2, 3, Vasanth Rao1, 4. 
1Opthalmology, Duke University, Durham, NC; 2Biochemistry, Cell 
Biology, Neurobiology, Duke University, Durham, NC; 3Howard 
Hughes Medical Institute, Durham, NC; 4Pharmacology and Cancer 
Biology, Duke University, Durham, NC.
Purpose: Morphogenesis and architecture of the ocular lens is 
critically dependent on cell adhesive interactions and membrane 
cytoskeletal organization. A mechanistic understanding of the 
contribution of various scaffolding proteins regulating these cellular 
events remains to be established. Ankyrin-G (AnkG) is known to 
link the spectrin-actin cytoskeleton to membrane proteins and to 
participate in membrane subdomain organization. In this study, we 
explored the role of AnkG in lens development and integrity
Methods: The expression and distribution profile of AnkG 
and identification of its co-existing proteins in the mouse 
lens were determined by immunoblot, immunofluorescence, 
immunoprecipitation and mass spectrometry analyses. AnkG lens 
conditional knockout (cKO) mice were generated using AnkG floxed 
and lens specific Cre transgenic mice (Le-Cre), and the eyes derived 
from these animals were evaluated by histological and histochemical 
analyses
Results: Within the lens, AnkG is distributed intensely to the 
epithelium relative to fiber cells and immunoblot analysis of lens 
homogenates detected several protein products of AnkG splice 
variants. Immunoprecipitation analysis using AnkG antibody and lens 
homogenates identified co-precipitation of β-spectrin, connexin-50, 
N-cadherin, ezrin, αN-catenin, β-catenin, aquaporin-0 and ZO-1. 
AnkG cKO mice (one month-old) showed a marked decrease in eye 
and lens weight and extensive degeneration of the lens compared to 
littermate AnkG floxed mice. Neonatal (P1) and P30 AnkG cKO mice 
exhibited abnormal lens shape with shortened and thinned epithelium 
containing a reduced number of nuclei. The lens epithelium from P1 
AnkG cKO mice exhibits disorganized distribution of E-cadherin,  
β-catenin, connexin-50 and β-spectrin, together with robust 
expression of α-smooth muscle actin relative to littermate controls. 
Interestingly, some of the mice that were heterozygous for the AnkG 
floxed allele and Cre positive also exhibit a cataractous phenotype
Conclusions: Taken together, this ongoing study reveals an 
essential role for AnkG in maintaining lens epithelial phenotype, 
morphogenesis, integrity and shape by regulating epithelial cell 
adhesive interactions, channel protein and spectrin-actin cytoskeletal 
membrane organization. To the best of our knowledge this is the first 
study illuminating the importance of AnkG in lens development and 
function
Commercial Relationships: Rasiah Pratheepa kumari, None; 
Vann Bennett, None; Vasanth Rao, None
Support: NH Grant EY018590, NH Grant EY025096, Core Grant 
P30-EY005722,


