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Program Number: 1374 Poster Board Number: B0024
Presentation Time: 8:30 AM–10:15 AM
Effect of Advanced Glycation End Products on the generation of 
ROS in Corneal Epithelial Cells
Long Shi, xy wu. Ophthalmology, Qilu Hospital of Shandong 
University, JINAN, China.
Purpose: To investigate the effect of Advanced Glycation End 
Products (AGE) on the generation of reactive oxygen species (ROS) 
in corneal epithelial cells and the underlying mechanisms in vitro.
Methods: Telomerase-immortalized human corneal epithelial cells 
(THCEs) were treated with AGE-modified bovine serum albumin 
(BSA) for various times. The production of ROS was measured 
with 2’, 7'- dichlorofluorescein diacetate (DCFH-DA) dye assay and 
imaged on laser scanning confocal fluorescence microscope. NADPH 
oxidase activity was measured by luminescence assay. The protein 
levels of p22phox and Nox4 were determined by Western blot.
Results: AGE-BSA significantly increased the generation of 
intracellular ROS in THCEs cells. However, the generation 
of intracellular ROS was completely inhibited by antioxidant 
N-acetylcysteine (NAC), anti-receptor of AGEs (RAGE) antibodies, 
or the inhibitor of NADPH oxidase. Moreover, AGE-BSAincreased 
NADPH oxidase activity and protein expression of NADPH oxidase 
subunits, p22phox and Nox4, but anti-RAGE antibodies eliminated 
these effects.
Conclusions: In conclusion, our results demonstrated that AGE-BSA 
increased intracellular ROS generation through NADPH oxidase 
activation, which may account for the delayed corneal epithelial 
wound healing. These results may provide better insights for 
understanding the mechanism of delayed healing of corneal epithelial 
wounds in diabetes.
Commercial Relationships: Long Shi, None; xy wu, None

Program Number: 1375 Poster Board Number: B0025
Presentation Time: 8:30 AM–10:15 AM
Comparative Study of Xenobiotic-free Media for the Cultivation 
of Human Corneal Epithelial Stem Cells
Sheyla Gonzalez1, Luxia Chen1, 2, Sophie X. Deng1.  
1Ophthalmology, Stein Eye Institute UCLA, Los Angeles, CA; 
2Tianjin Eye Hospital and Eye Institute, Tianjin, China.
Purpose: The culture of human corneal epithelial stem cells or limbal 
stem cells (LSCs) using animal components poses the risk of cross-
species contamination in clinical applications. We quantitatively 
compared different xenobiotic-free culture media for the ex vivo 
expansion of human LSCs.
Methods: LSCs were cultured from 2x2 mm limbal tissue explants 
(n=6) on thermolysin-denuded amniotic membrane (AM) using 
xenobiotic-free culture media: CnT-Prime with 5% of human serum 
(CnT-PR), embryonic stem cell medium and the standard SHEM 
(control) at 1:1 ratio (ESCM), and modified SHEM (mSHEM) in 
which cholera toxin and dimethyl sulfoxide (DMSO) were removed. 
LSC phenotype was analyzed as follows: morphology, proliferation 
rate, cell size, outgrowth size, percentage of p63α high-expressing 
(p63αbright) cells and expression of cytokeratin (K) 14, K12, 
pancytokeratin (PanK) and the stromal cell marker vimentin (Vim). 
Data were analyzed with the pairwise t-test.
Results: mSHEM supported compact cell outgrowths that contained 
small and cuboidal limbal epithelial-like cells; CnT-PR and ESCM 

provided a slightly more heterogeneous morphology. CnT-PR and 
mSHEM reduced the cell proliferation rate by 76.6% (p=0.03) and 
39.4% (p=0.002), respectively compared to the standard SHEM 
control. However, mSHEM was superior at maintaining the small 
limbal epithelial population (≤12 µm, 7.0% ± 3.4% vs. 3.5% ± 
0.1% in control, p=0.04), and producing the highest amount of 
transplantable outgrowths (>13 mm in the smallest diameter, 68.8% 
vs. 94.1% in control, p=0.05). Outgrowths from all three conditions 
contained a similar percentage of PanK+ and K14+ cells, (>95% in all 
cases, p>0.05), and K12+ cells (ranging from 0.9% to 2.7% vs. 2.5% 
± 1.2% in control, p>0.05). Cultures grown in CnT-PR contained 
a percentage of p63αbright cells (17.8% ± 5.7%) similar to control 
(22.8% ± 2.4%, p>0.05); however, ESCM and mSHEM produced a 
smaller amount of p63αbright cells (6.7% ± 3.6%, p=0.04, and 12.5% ± 
2.2%, p=0.04, respectively). Only the cultures in ESCM contained an 
amount of Vim+ stromal cells (1.6% ± 0.8%) significantly larger than 
that of the control (0.6% ± 0.3%, p=0.04).
Conclusions: mSHEM showed an efficient maintenance of the LSC 
phenotype. Other supplements to replace cholera toxin and DMSO 
are needed to increase the expansion efficiency of mSHEM.
Commercial Relationships: Sheyla Gonzalez, None; Luxia Chen, 
None; Sophie X. Deng, None
Support: NEI Grant R01EY021797 and 5P30EY000331, CIRM 
TR2-01768, BF1-01768 and CLIN1-08686 and Research to Prevent 
Blindness.

Program Number: 1376 Poster Board Number: B0026
Presentation Time: 8:30 AM–10:15 AM
Assessing the limbal explant size for transplantation: Expansion 
adequacy of human limbal tissue in vitro
Abhinav Reddy Kethiri1, 2, Sayan Basu1, 3, Sachin Shukla1, 3, 
Virender S. Sangwan1, 3, Vivek Singh1, 3. 1Center for Ocular 
Regeneration (CORE), LV Prasad Eye Institute (Hyderabad Eye 
Research Foundation), Hyderabad, India; 2Research Scholar, Manipal 
University, Manipal, India, Manipal, India; 3Tej Kohli Cornea 
Institute, L V Prasad Eye Institute, Hyderabad, India.
Purpose: Limbal epithelial transplantation is considered to be an 
ideal therapeutic modality in treating limbal stem cell deficiency 
(LSCD). Therefore, availability of autologus limbal tissue in bilateral, 
total LSCD cases is of utmost importance. In this study, we sought 
to determine the minimum human limbal explant size required for 
transplantation by characterizing the cell expansion in vitro.
Methods: Human limbal biopsies were obtained from both live 
(n=10) and cadaveric (n=10) tissues. A single explant was cultured 
on the denuded amniotic membrane and the explant size as well as its 
cell outgrowth (expansion) was measured using ImageJ with respect 
to days. Cultures were characterized by assessing the proliferation 
of the cells with 5-bromo-2’-deoxyuridine (BrdU) assay along with 
the expression of different putative stem cell markers (ABCG2, 
DeltaNp63α), corneal epithelial (CK3+12) and adherens junction 
molecules (E-Cadherin) by immunofluorescence. Two sample t-test 
or linear mixed effect model fit by maximum likelihood was used for 
statistical analysis.
Results: Minimum explant sizes of 0.3 mm2 for live and 0.6 mm2 
for cadaveric had a mean expansion areas of 182.39±17.06 and 
217.59±16.91 mm2 respectively suggesting adequate growth potential 
of the explants. Mean total percentage of proliferative cells was 
31.80±3.81 in live and 33.49±4.25 in cadaveric tissue expansion. 
Cultures of both cadaveric and live limbal tissue expressed adequate 
and similar putative stem cell, corneal epithelium and adherens 
junction markers.
Conclusions: Our findings show that a minimal amount of < 0.3 
mm2 live tissue would be sufficient for ample limbal cell expansion 
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in vitro. Comparatively, limbus from cadaveric tissues even though 
has similar potential as that of live tissues, demands larger amount of 
tissue for expansion (> 0.5mm2).
Commercial Relationships: Abhinav Reddy Kethiri, None; 
Sayan Basu, None; Sachin Shukla, None; Virender S. Sangwan, 
None; Vivek Singh, None

Program Number: 1377 Poster Board Number: B0027
Presentation Time: 8:30 AM–10:15 AM
Shp2 regulates the expression of ΔNp63-alpha in corneal basal 
epithelial cells
Chia-Yang Liu, Lingling Zhang, Yuka Okada, Yen-Chiao Wang, 
Yujin Zhang. Optometry, Indiana University, Bloomington, IN.
Purpose: ΔNp63-alpha plays critical roles in corneal epithelial 
stratification during development in the mouse. Our previous data 
showed that Shp2 may regulate the expression of ΔNp63-alpha in 
mouse corneal epithelial basal cells. In this study, experiments were 
performed to investigate the possible mechanism in vivo and in vitro.
Methods: Compound transgenic mouse strains in which Shp2 was 
conditionally ablated (Shp2cKO) or a gain-of-function mutant Shp2 
was overexpressed (Shp2cGOF) in mouse corneal epithelial basal cells 
were generated. The human SHP2 cDNA or siRNA against SHP2 was 
transfected into telomerase immortalized human corneal epithelial 
cells (HTCE) to manipulate the expression of SHP2. The changes in 
mRNAs and proteins of Shp2 and ΔNp63-alpha were detected in vivo 
and in vitro by immunohistochemistry and western blot analysis.
Results: The corneal epithelium stratification was impaired in 
Shp2cKO in which ΔNp63-alpha expressions at mRNA and protein 
level were dramatically reduced in corneal basal epithelial cells. 
Likewise, ΔNp63-alpha expression level was declined in HTCE 
transfected with siRNA against SHP2. Interestingly, however, two to 
three layers of basal columnar cells which are ΔNp63-alpha positive 
were observed in the corneal epithelium of the adult Shp2cGOF mice. 
Overexpressing of Shp2cGOF restore corneal stratification impairment 
observed in the Shp2cKO. Surprisingly, however, overexpression 
of SHP2 also downregulated ΔNp63-alpha level resulted from the 
rapid degradation of ΔNp63-alpha through ubiquitination pathway in 
HTCE cells.
Conclusions: Taken together, these data argued that SHP2 
dosage play a pivotal role of controlling ΔNp63-alpha in corneal 
basal epithelial cells which in turn regulate corneal epithelium 
stratification.
Commercial Relationships: Chia-Yang Liu, None; 
Lingling Zhang, None; Yuka Okada, None; Yen-Chiao Wang, 
None; Yujin Zhang, None
Support: NH grant EY21501 and EY23086

Program Number: 1378 Poster Board Number: B0028
Presentation Time: 8:30 AM–10:15 AM
Ex vivo limbal epithelial sheet generation on amniotic membrane 
slide scaffold
So-Hyang Chung, Hyun Jung Lee, Soojung Shin. The Catholic 
University of Korea, Seoul, Korea (the Republic of).
Purpose: In patients with limbal stem cell deficiency (LSCD), 
transplantation of ex vivo cultured limbal epithelial sheets has 
achieved an appreciable success rate in terms of ocular surface 
reconstruction and visual outcomes. Here we compared the stemness 
and proliferation potential of limbal epithelial sheets in parallel 
without substrate, with sutured HAM onto transwell, and with new 
HAM slide scaffold.
Methods: Human limbal explants from limbal biopsy were set in 
either control medium (SHEM), SHEM without cholera toxin (w/o 
CT), or human AB serum 5% w/o CT, and on either the transwell 

(TW), HAM onto transwell (HAMTW) or HAM slide scaffold 
(HAMS). We determined outgrowth size from limbal biopsy explants, 
protein and mRNA expression of limbal stem/progenitor cell markers 
p63α and ABCG2, and colony forming efficiency (CFE). Cultures 
limbal epithelial sheets in HAMS were transplanted onto corneas of 
LSCD rabbit models.
Results: Human AB serum 5% w/o CT caused a very large increase 
in CFE, ABCG2 efflux activity and p63α and ABCG2 expression. 
Limbal explant on the HAMS showed increased outgrowth area, 
cell yield and ki67 expression (p < 0.05) compared to those on TW 
or HAMTW. Increased ABCG2 efflux activity, stem/progenitor 
cell markers expression JC1low, and CFE was confirmed in the 
HAMTW and HAMS compared to TW, respectively (p < 0.05). The 
percent of corneal epithelial differentiation marker CK12 positive 
cells was statistically lower in HAMTW and HAMS. At 4 weeks 
after transplantation in LSCD rabbit models, the basal cell layer 
intensively expressed p63α and superficial layers expressed CK12 in 
rabbit cornea. All corneal epithelial layers were intensively stained 
by anti-human nuclei antibody, indicating that regenerated corneal 
epithelial cells were originated from transplanted human limbal 
epithelial sheets grown onto HAMS rather than zonal repopulation by 
rabbit limbal stem cells.
Conclusions: In conclusion, limbal explant culture onto HAM slide 
scaffold enhances the growth of expanded limbal epithelial sheet and 
stemness with the sheet.
Commercial Relationships: So-Hyang Chung, None; Hyun 
Jung Lee, None; Soojung Shin, None
Support: the Korea Health technology R&D Project, Ministry of 
Health & Welfare, Republic of Korea (HI14C1607).

Program Number: 1379 Poster Board Number: B0029
Presentation Time: 8:30 AM–10:15 AM
Mesenchymal stem cells for bilateral limbal stem cell 
deficiency: Expression profile of different markers and status of 
transdifferentiation into corneal epithelial cells
Sachin Shukla, D R. Reddy, Madhuri Batta, Vivek Singh, 
Virender S. Sangwan. Centre for Ocular Regeneration, L. V. Prasad 
Eye Institute, Hyderabad, India.
Purpose: Patients with bilateral deficiency of limbal stem cells 
present a unique set of challenges to the clinician due to the clinical 
presentation, underlying causes, adnexal status, and lack of an 
autologous source of limbal stem cells; altogether making it difficult 
to devise a successful treatment. We are exploring mesenchymal 
stem cells derived from the dental pulp and adipose tissue to test the 
hypothesis that they can be used as better alternatives for treating 
the bilateral limbal stem cell deficiency due to their properties of 
immunomodulation and multipotent differentiation.
Methods: The human MSCs derived from the dental pulp (DPSCs) 
and adipose tissues (ADSCs) were procured from the Stemade 
Biotech Pvt. Ltd. (Mumbai, India) and Thermo Fisher Scientific Inc. 
(USA), respectively. Rabbit corneal epithelial cell line (SIRC) was 
procured from the National Centre for Cell Science, Pune, India 
and was used as a control. The cells were cultured under standard 
culture conditions (37 degree Celsius and 5% CO2). The DPSCs and 
SIRC were cultured in the DMEM supplemented with 10% fetal 
bovine serum, whereas ADSCs were cultured in MesenPRO RS™ 
media (Gibco™, Thermo Fisher Scientific Inc., USA), respectively. 
Expression of mesenchymal and corneal epithelial markers was 
studied through semiquantitative RT-PCR and immunofluorescence. 
Induction medium or co-culture methods were used for studying the 
transdifferentiation.
Results: Immunofluorescence analysis revealed the expression of 
CD90, CD105, and Vimentin in both the DPSCs and ADSCs; CD14 
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could not be detected in both of them whereas CD34 was detected 
only in ADSCs. The DPSCs also showed the expression of stem cell 
markers ABCG2 and p63α, whereas SIRC showed the expression of 
corneal epithelial markers PAX6 and CK3/12.
Conclusions: The results support the mesenchymal origin of both the 
dental pulp- and adipose-derived MSCs and present a comparative 
analysis of expression of mesenchymal, epithelial, and stem cell 
markers in these cells.
Commercial Relationships: Sachin Shukla, None; 
D R. Reddy, None; Madhuri Batta, None; Vivek Singh, None; 
Virender S. Sangwan, None
Support: DST-INSPIRE Faculty Grant (IFA14-LSBM-104), 
Department of Science and Technology, Govt. of India

Program Number: 1380 Poster Board Number: B0030
Presentation Time: 8:30 AM–10:15 AM
Laminin-511 and -521-based matrices for efficient ex vivo-
expansion of human limbal epithelial progenitor cells
Panah Liravi1, Naresh Polisetti1, Naoki Okumura2, Noriko Koizumi2, 
Shigeru Kinoshita3, Friedrich E. Kruse1, Ursula Schlotzer-
Schrehardt1. 1Department of Ophthalmology, University of 
Erlangen-Nürnberg, Erlangen, Germany; 2Department of Biomedical 
Engineering, Faculty of Life and Medical Sciences, Doshisha 
University, Kyotanabe, Japan; 3Department of Frontier Medical 
Science and Technology for Ophthalmology, Kyoto Prefectural 
University of Medicine, Kyoto, Japan.
Purpose: Optimization and standardization of culture conditions for 
human limbal epithelial stem/progenitor cells (LEPC) considering 
cell-matrix interactions are required to enhance LEPC ex vivo-
expansion and transplantation efficiency. Here, we investigated the 
efficacy of laminin (LN) isoforms specifically expressed in the limbal 
niche as culture matrices for epithelial tissue engineering approaches.
Methods: Expression patterns of specific LN chains in the limbal 
niche were analyzed on the protein and mRNA level using laser 
capture microdissected (LCM) LEPC clusters, cryosections of 
donor eyes, and cultured LEPC. The effect of human recombinant 
LN isoforms and short LN-511-E8 fragments on LEPC adhesion, 
migration, proliferation, and differentiation was evaluated. 
Neutralizing antibodies were used to determine involvement 
of α3β1 and α6β1 integrins in cell adhesion. Limbal epithelial 
cell sheets cultured on fibrin gels prepared with or without LN-
511-E8 were analyzed by light and electron microscopy and 
immunohistochemistry.
Results: Expression levels of LN-α2, -α4, -α5, -β2, -β3 and -γ2 
chains were significantly increased in LCM-dissected LEPC clusters 
compared to basal corneal epithelial cells, whereas other LN chains 
were not differentially expressed. Confocal microscopy showed 
increased expression of LN-α2, -α5, -β1, -β2, -γ1, -γ2 and -γ3 in the 
limbal compared to the corneal basement membrane. Comparative 
analysis of cultured LEPC and their associated stromal niche cells 
revealed that LN-α5 was primarily expressed in LEPC, whereas 
LN-α2 was highly expressed in niche cells. The LN-α5 containing 
isoforms LN-521, LN-511, and LN-511-E8 significantly enhanced 
in vitro LEPC adhesion, migration, proliferation, and preservation 
of an undifferentiated phenotype. Functional blocking of α3β1 and 
α6β1 integrins suppressed adhesion of LEPC to LN-511/521-coated 
surfaces. Cultivation of LEPC on fibrin gels containing LN-511-E8 
resulted in stratified epithelial constructs expressing progenitor cell 
markers in their basal layers.
Conclusions: LN-α5 containing isoforms LN-511 and LN-521 
promote LEPC adhesion, migration, and proliferation and enable 
efficient ex vivo-expansion and maintenance of LEPC during 
cultivation. LN-511-E8 fragments display a similar efficacy to full-

length laminin and thus represent a defined xeno-free substrate for 
epithelial tissue engineering and clinical application.
Commercial Relationships: Panah Liravi; Naresh Polisetti, 
None; Naoki Okumura, None; Noriko Koizumi, None; 
Shigeru Kinoshita, None; Friedrich E. Kruse, None; 
Ursula Schlotzer-Schrehardt, None

Program Number: 1381 Poster Board Number: B0031
Presentation Time: 8:30 AM–10:15 AM
Lineage Tracing of Stem and Progenitor Cells of the Murine 
Corneal Epithelium in Hemostasis and after Limbal Chemical 
and Mechanical Injury
Rana Hanna1, Aya Amitai-Lange2, Anna Altshuler2, Beatrice Tiosano1, 
Ruby Shalom-Feuerstein2. 1Department of Ophthalmology, Hillel 
Yaffe Medical Center, Hadera, Israel, Affiliated to the Technion, 
Israel Institute of Technology, Hadera, Israel; 2Department of 
Genetics and Developmental Biology, The Ruth and Bruce Rappaport 
Faculty of Medicine, Technion, Israel Institute of Technology, Haifa, 
Israel.
Purpose: Studying ocular surface stem and progenitor cell dynamics 
in homeostasis and injury
Methods: We performed lineage tracing experiments using R26R-
Confetti mice to follow K14+ corneal/conjuncival basal epithelial 
cells stochastically induced to express one out of four fluorescent 
genes. A long-term live-imaging experiments in living animal 
allowed following clonal dynamics under homeostasis and following 
limbal or corneal injuries
Results: In hemostasis, radial limbal stripes of slow migrating 
cells proceeded toward the corneal center were observed and the 
turnover of this process was about 4 months. Corneal cells, however, 
significantly contributed to mild corneal wound repair while large 
limbal streaks appeared within a week following severe corneal 
wounding that coincided with partial loss of corneal transparency.
Following controlled alkali burn to the limbus, total corneal 
opacity, neovascularization, and corneal scarring was developed 
in most animals, coinciding with large stripes of cells occasionally 
emerging from the conjunctiva and reaching the center of the cornea. 
Interestingly, mice lacking pigmentation, were less responsive to 
K14-promoter transgenic induction and displayed a more severe 
response to injury as compared to their black pigmented littermates, 
suggesting that they may have a lower regenerative potential.
Conclusions: This study shows unequivocally that the limbus is the 
major if not only source of long-term corneal regeneration under 
homeostasis. Following limbal destruction by alkali burn, cojunctival 
stripes ingrowth coincided with clinical deterioration. In conclusion, 
this model may be efficiently used for better understanding of the 
mechanisms of corneal regeneration in homeostasis and may aid to 
developing novel strategies for therapy.
Commercial Relationships: Rana Hanna, None; Aya  
Amitai-Lange, None; Anna Altshuler, None; Beatrice Tiosano, 
None; Ruby Shalom-Feuerstein, None
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Program Number: 1382 Poster Board Number: B0032
Presentation Time: 8:30 AM–10:15 AM
Dental Pulp Stem Cells for Corneal Surface Regeneration in 
Limbal Stem Cell Deficiency
Waheedh Alshemmri1, Susan Shawcross2, Julian Yates3, 
Fiona Carley4, Arun Brahma4, M C. Hillarby1. 1Division of 
Pharmacy and Optometry, University of Manchester, Manchester, 
United Kingdom; 2Division of Cell Matrix Biology & Regenerative 
Medicine, University of Manchester, Manchester, United Kingdom; 
3Division of Dentistry, University of Manchester, Manchester, United 
Kingdom; 4Manchester Royal Eye Hospital, Manchester, United 
Kingdom.
Purpose: Limbal stem cell deficiency (LSCD) is a condition caused 
by damage or dysfunction of Limbal stem cell niches, which leads 
to corneal opacity and visual impairment. Dental pulp stem cells 
(DPSCs) are promising candidates for corneal surface regeneration 
in LSCD. In this study we aimed to set up an ex-vivo model of 
human LSCD induced by chemical burns, and determine if the DPSC 
attached and proliferated on the damaged corneal surface and entered 
the denuded limbal niche.
Methods: An ex vivo model of LSCD was produced by the 
application of NaOH-soaked filter paper disk to the limbal region of 
donor corneas mounted on artificial chambers. The LSCD corneas 
were then debrided of epithelium, as were control healthy corneas.
DPSCs were transdifferentiated into corneal epithelial-like cells by 
non-contact co-culture with limbal explants from healthy human 
corneas. These cells were seeded onto the ocular surface of Bausch 
and Lomb contact lenses (CLs) and labelled with Qtracker® 525. The 
pre-seeded CLs were combined with the experimental and healthy 
corneas and incubated for 5 days; control group received empty LCs. 
After removal of the CLs, the corneas were imaged to confirm DPSC 
transfer and attachment to the corneal surface, and to determine cell 
morphology.
Immunostaining was used to detect specific markers of corneal 
epithelial cells, cytokeratins 3 and 12. Cytokeratins 19, a specific 
marker of conjunctival epithelial was also used to confirm the cells 
had not become conjunctival cells and CD90, to determine if the cells 
had maintained their SC characteristics.
Results: After removal of the CL from the LSCD corneas the DPSCs 
were located close to the limbus rather than the central cornea as 
seen with the healthy corneas. Immunostaining of the LSCD cornea 
sections showed that the differentiated DPSCs stained positive for 
cytokeratin 3, 12 and CD90. DPSC localized around the limbus, 
migrated deep to the epithelial layer. The DPSCs did not express 
cytokeratin 19, but were shown to restrict invasion of the cytokeratin 
19 positive conjunctival tissues.
Conclusions: Transdifferentiated DPSCs were successfully 
transferred to both chemically-induced LSCD and healthy corneas 
using CLs as carriers. The DPSCs expressed both corneal epithelial 
and SC markers showing the cells may have become LSC. However, 
they had the capacity to limit conjunctival invasion of the LSCD 
corneas, which itself may be of therapeutic value.
Commercial Relationships: Waheedh Alshemmri, None; 
Susan Shawcross, None; Julian Yates, None; Fiona Carley, None; 
Arun Brahma, None; M C. Hillarby, None
Support: University of Manchester AA14567

Program Number: 1383 Poster Board Number: B0033
Presentation Time: 8:30 AM–10:15 AM
The limbal stem cell microenvironment regulates limbal stem cell 
differentiation
Vivien J. Coulson-Thomas1, Tarsis F. Gesteira2, Lung-Kun Yeh3, 
Amanda Nash1, Yvette M. Coulson- Thomas4, Vincent Hascall5. 
1College of Optometry, University of Houston, Houston, TX; 
2Ophthalmology, University of Cincinnati, Cincinnati, OH; 
3Department of Ophthalmology, Chang-Gung Memorial Hospital, 
Chang-Gung University College of Medicine, Linko, Taiwan; 
4Biologia Molecular, Universidade Federal de Sao Paulo, Sao Paulo, 
Brazil; 5Cleveland Clinic, Cleveland, OH.
Purpose: Limbal stem cells (LSCs), which are located in the basal 
layer of the corneal epithelium in the corneal limbus, play a vital 
role in maintaining the cornea. LSCs have a high capacity of self-
renewal with increased potential for error-free proliferation and 
poor differentiation. LSCs also play an important role in preventing 
conjunctival epithelial cells from migrating onto the surface of 
the cornea. To date limited research has focused on unveiling the 
composition of the limbal stem cell niche, and, more importantly, 
the role the specific stem cell niche may play in LSC differentiation 
and function. Our work unveils the precise composition of the 
extracellular matrix (ECM) in the LSC niche and how it regulates 
LSC differentiation and function.
Methods: Immunofluorescence was used to characterize the 
composition of the ECM in the LSC niche in mouse cornea and this 
data was then confirmed through Western Blot analysis of extracted 
proteins from the corneal limbus. Thereafter, knock-out mouse 
models for key components in the LSC niche were used to unveil the 
importance of the niche in LSC differentiation and function.
Results: Our data demonstrate that a specialized HA matrix is present 
in the limbal stem cell niche. Moreover, the composition of this ECM 
in the LSC niche is drastically different to that of the ECM in the rest 
of the corneal epithelium. Interestingly, upon insult to the cornea the 
composition of HA matrix in the LSC niche changes. Our preliminary 
data also show that knocking out key components of the HA matrix 
from the LSC niche alters LSC specification and leads to a decrease 
in the number of LSCs. These knock-out mice also present increased 
inflammation after injury.
Conclusions: The LSC niche is composed of a specialized HA ECM 
which differs from that present in the rest of the corneal epithelium. 
The precise composition of the LSC niche plays an important role 
in regulating LSC specification and function. Moreover, upon injury 
changes occur to the composition of the LSC niche, which could play 
a role in supporting the increase in LSC proliferation and migration 
after injury.
Commercial Relationships: Vivien J. Coulson-Thomas, None; 
Tarsis F. Gesteira, None; Lung-Kun Yeh, None; Amanda Nash, 
None; Yvette M. Coulson- Thomas, None; Vincent Hascall, None
Support: Startup funds from the University of Houston

Program Number: 1384 Poster Board Number: B0034
Presentation Time: 8:30 AM–10:15 AM
New method for isolating and growing both corneal stromal and 
epithelial limbal stem cells
Djida Ghoubay1, 2, Kate Grieve1, 2, celine De Souza3, Raphaël Martos1, 
OLIVIER THOUVENIN4, Vincent M. Borderie1, 2. 1Institut de la 
vision, Paris, France; 2CHNO des Quinze Vingts, PARIS, France; 
3Etablissement français du sang, Paris, France; 4Institut Langevin, 
PARIS, France.
Purpose: To develop a new method to isolate and grow both corneal 
stromal and epithelial limbal stem cells from small human limbal 
biopsies.
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Methods: Superficial limbal explants were retrieved from human 
donor corneo-scleral rims. They were first assessed with full field 
optical coherence microscopy and confocal microscopy. Corneal 
stromal stem cells (SSC) and limbal epithelial stem cells (LSC) were 
isolated by digestion with collagenase A. Isolated cells were cultured 
either with Essential 8 medium (E8), E8 medium supplemented with 
EGF (E8+) or Green’s medium on a layer of 3T3 feeders (Green’s). 
Cells were characterized by immunostaining for p63 alpha, Pax6, 
Keratocan, CK3 and nestin, colony forming efficiency, sphere 
formation, number of population doubling before senescence and 
differentiation potential assessed by culture with specific media.
Results: Pre-culture assessment of limbal explants showed presence 
of limbal stem cells in the limbal crypts and stromal stem cells in the 
limbal stroma. Limbal stem cells characterized by holoclones and 
p63alpha expression were obtained with E8+ and Green’s culture 
conditions. They featured 21 population doublings and only corneal 
epithelial differentiation. Stromal stem cells characterized by sphere 
formation, pax6, keratocan and nestin expression were obtained 
with E8 and E8+ culture conditions. They featured 47 population 
doublings and keratocyte, fibroblast, myofibroblast, neuron, 
adipocyte, chondrocyte, osteocyte and melanocyte differentiations, 
with no epithelial differentiation.
Conclusions: Both corneal stromal and limbal epithelial human stem 
cells can be obtained from small superficial biopsies. Depending on 
the culture condition one or both cell types can be grown separately. 
E8+ medium helps us to obtain the two types of stem cells in the 
same culture dish. This finding demonstrates that both stem cell types 
are located in the same niche close to each other

Commercial Relationships: Djida Ghoubay, None; Kate Grieve, 
None; celine De Souza, None; Raphaël Martos, None; 
OLIVIER THOUVENIN, None; Vincent M. Borderie, Chiesi (C), 
Dompe (C)
Support: This work was supported by Fondation pour la Recherche 
Médicale (Grant No.: DCM20121225759).
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Hyperosmotic stress induces ATP release and changes in P2X7 
receptor levels in human corneal and conjunctival epithelial cells
Ana Guzman-Aranguez, Maria J Perez de Lara, Jesus J. Pintor. 
Department of Biochemistry and Molecular Biology, Faculty of 
Optics and Optometry, Complutense University, Madrid, Spain.
Purpose: Tear hyperosmolarity is a key event in dry eye. In this 
study, we analyzed whether hyperosmolar challenge induces ATP 
release on the ocular surface. Moreover, as extracellular ATP can 

activate P2X7 receptor, the changes in P2X7 protein levels and 
its involvement in pathological process triggered by hypertonic 
treatment were also examined.
Methods: Human corneal and conjunctival epithelial cells were 
exposed to hyperosmotic challenge. The presence of ATP in the 
conditioned media of cells exposed to hypertonic treatment as well 
as in tears of dry eye patients was examined by high performance 
liquid chromatography analysis. Cell viability was evaluated by 
MTT assay and protein expression of vesicular nucleotide transporter 
(VNUT) and P2X7 receptor was examined by western blot. 
Potential involvement of P2X7 receptor in cell death detected after 
hyperosmolar exposure was analyzed using specific P2X7 agonists 
and antagonists.
Results: ATP concentration in human corneal and conjunctival 
epithelial cells exposed to hyperosmotic challenge was 6.82 and 
5 times, respectively, higher than in control cells. Likewise, a 
8.65-fold increase in ATP levels for dry eye patients with low tear 
secretion was detected as compared to control subjects. A significant 
reduction in cell viability was detected after hyperosmolar treatment, 
indicating that the rise in ATP release was mainly due to cell lysis/
death. Additionally, VNUT was identified in both cell lines and cells 
exposed to hypertonic media showed a 3-fold increase in VNUT 
expression. P2X7 receptor truncated form together with the full-
length form were identified in both cell lines and experiments using 
specific antagonist and agonist for P2X7 revealed that this receptor 
did not mediate cell death induced by hyperosmolar stress.
Conclusions: Hyperosmotic stress induces ATP release on the ocular 
surface. The presence of P2X7 receptor truncated form together with 
the full-length form hinders a P2X7 apoptotic behavior in human 
corneal and conjunctival epithelial cells.
Commercial Relationships: Ana Guzman-Aranguez, None; Maria 
J Perez de Lara, None; Jesus J. Pintor, None
Support: Spanish Ministry of Economy (SAF2013-44416-R, 
SAF2016-77084R) and the Institute Carlos III (RETICS 
RD12/0034/0003, RD16/0008/0017).
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Corneal epithelial differentiation: A paradigm shift in 
keratoconus
KrishnaPoojita Vunnava, Rohit Shetty, Subramani Murali, 
Murugeswari Ponnalagu, Kamesh Dhamodaran, Debashish Das. 
Ophthalmology, Narayana Nethralaya, Bangalore, India.
Purpose: Keratoconus has always been considered as a condition 
characterized by stromal thinning. We have hypothesized that the 
corneal epithelial differentiation status differs in the cells from 
ectatic zone and the unaffected periphery of keratoconic eyes. In this 
prospective, non-randomized observational case control study we 
have observed the differences between the corneal epithelium over 
the ectatic cone and the periphery of keratoconic eyes undergoing 
crosslinking and have compared it with normal epithelium obtained 
from patients undergoing photorefractive keratectomy (PRK).
Methods: Differential corneal epithelial cells from ectatic cone and 
unaffected periphery of keratoconic (test) and PRK (control) eyes 
were collected intra-operatively. Keratoconic eyes were further 
classified as per the severity of keratoconus into three grades. 20 
eyes were included in each group. Expression levels of genes for 
differentiation, apoptosis and proliferation were analyzed in the 
differential corneal epithelial cells of these sub-groups. Protein 
analysis of the corneal epithelial cells was performed with antibodies 
for pro-apoptotic marker (BAX), anti-apoptotic marker (BCl2), 
and proliferation marker (Ki67, Cyclin D1) and markers of corneal 
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epithelial differentiation (CK3/CK12). Student t test was used to 
analyze the results.
Results: Analysis of gene expression as well as immunofluorescence 
staining revealed a significant decrease (p≤ 0.05) in the expression 
of CK3/CK12 in the cells from affected cone of keratoconus. This 
difference was amplified with increasing grades of disease severity. A 
significant increase in the ratio of BAX : BCl2 and decrease in Cyclin 
D1 levels in the cells was detected in both ectatic cone (p≤ 0.05) 
and unaffected periphery (p≤ 0.05) as compared to control eyes. The 
variation in the increase of BAX : BCl2 expression was significantly 
different between the ectatic cone and periphery in keratoconus eyes. 
This variation was not noted in the differential epithelium collected 
from the controls
Conclusions: There is defective corneal differentiation and enhanced 
apoptosis of epithelial cells in the ectatic cone of keratoconus cornea 
with increasing disease severity. Higher rate of proliferation and 
lower differentiation of corneal epithelial cells is detected in non-
ectatic periphery compared to ectatic cone and this has been seen to 
decrease with increasing grades of keratoconus.
Commercial Relationships: KrishnaPoojita Vunnava; 
Rohit Shetty, None; Subramani Murali, None; 
Murugeswari Ponnalagu, None; Kamesh Dhamodaran, None; 
Debashish Das, None
Support: Narayana Nethralaya Foundation
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Evaluation of corneal nerve regeneration in vitro using novel 3D 
models
Sonja Mertsch1, Gerd Geerling2, Stefan Schrader2, 1. 1Department 
of Ophthalmology, Laboratory for experimental Ophthalmology, 
University of Duesseldorf, Duesseldorf, Germany; 2Department of 
Opththalmology, University of Duesseldorf, Duesseldorf, Germany.
Purpose: Spontaneous regeneration of the corneal nerve plexus after 
injury or chronic damage is often incomplete and the underlying 
mechanisms of regeneration are mostly unknown. Therefore, 
stimulation of corneal nerve regeneration could be a promising 
curative approach to treat diseases such as neurotrophic keratopathy 
as well as neurogenic induced dry eye syndrome. The aim of this 
study was to evaluate novel 3D in vitro models for corneal nerve 
regeneration based on tissue engineered materials in order to gain 
new insights into corneal nerve regeneration.
Methods: Dorsal root ganglion cells (DRGs) and corneas were 
obtained from 8 – 10 week old C57BL/6 mice (n = 12). DRGs were 
dissociated and 1 x 104 cells were seeded on laminin coated wells 
and either into or on top of plastic compressed collagen (PCC) gels 
(n = 6). Immunohistochemistry and qRT-PCR were performed to 
characterize molecules associated with neurite growth. Inhibitor 
experiments were conducted to identify the involvement of Rho 
kinase in neurite growth by addition of 100 µM Y27632 to the 
models. Total neurite length in 10 photos per experimental replicate 
was measured after βIII tubulin staining using NeuronJ Software. 
 A WST-1 assay was used to evaluate cytotoxicity of Y27632.
Results: QRT-PCR analysis revealed distinct expression of all factors 
in mouse cornea as well as in cultured DRGs. ROCK1 and ROCK2 
showed high expression with delta cts of 6.07 ± 0.02 and 4.50 ± 0.04 
in DRGs and 5.20 ± 0.02 and 4.26 ± 0.09 in the cornea. Measurement 
of neurite length in ROCK inhibitor (Y27632) treated and untreated 
groups showed a significant effect of Y27632 on neurite growth on 
PCC gels with lengths of 6.83 ± 0.43 mm in treated DRGs compared 
with 3.42 ± 0.84 mm in controls (p = 0.000004). Similarly, in the 
PCC gels, neurites grew to lengths of 5.17 ± 1.10 mm in Y27632 
treated DRGs, but only 1.62 ± 0.21 mm in controls (p = 0.0001). The 

WST-1 assay revealed no influence of 100µM Y27632 on cellular 
metabolism.
Conclusions: The data showed that these new 3D models are suitable 
for evaluation of corneal nerve regeneration in vitro, and to test the 
efficacy of factors to improve corneal nerve regeneration. A better 
understanding of the underlying molecular mechanisms will help 
to develop new therapeutic concepts to treat impairment of corneal 
nerves in diseases such as neurotrophic keratopathy and neurogenic 
dry eye syndrome.
Commercial Relationships: Sonja Mertsch; Gerd Geerling, None; 
Stefan Schrader, None
Support: Volkswagen Stiftung: Lichtenberg – Professorship to S. 
Schrader, MD, PhD
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Nerve fibers in rat cornea detected by direct staining by 
thiocholine modification of the acetylcholinesterase (AchE) 
technique and by anti-beta Tubulin III immunostaining
Guzel Bikbova, Toshiyuki Oshitari, Shuichi Yamamoto. 
Ophthalmology & Visual Science, Chiba Univ Grad School of 
Medicine, Chuo-ku, Japan.
Purpose: To determine whether the corneal innervation of rats can be 
detected by the thiocholine modification of the acetylcholinesterase 
(AchE) technique and the immunohistochemical (IHC) staining of 
anti-beta tubulin III.
Methods: All of the procedures were performed in accordance with 
the ARVO Statement for the Use of Animals in Ophthalmic and 
Vision Research. Ten rat corneas from 5 adult SD rats were studied. 
Five corneal whole mounts were stained for the cholinesterase 
enzyme using the Karnovsky & Roots thiocholine modification of the 
AchE technique. In addition, 5 corneal whole mounts were IHC with 
anti-beta tubulin III antibody.
Results: AchE-positive nerves were found in the stroma of all of the 
corneas. The nerves entered the corneal limbus at different levels 
with most observed in the mid and deep stroma. The large nerve 
trunks were observed in the posterior lamella. Anti-beta tubulin III 
IHC stained mainly the corneal subbasal nerves and their associated 
branches.
Conclusions: The direct staining by the thiocholine modification of 
the AchE technique and ICH with anti-beta tubulin III can be used to 
demonstrate the rat corneal nerves in corneal whole mounts. These 
staining methods allowed three-dimensional observations of the 
distribution and spatial arrangements of the corneal nerve bundles.
Commercial Relationships: Guzel Bikbova, None; 
Toshiyuki Oshitari, None; Shuichi Yamamoto, None
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NEW REGENERATING AGENTS FOR OCULAR SURFACE: 
A NEUROTROPHIC KERATITIS CASE SERIES
Ana María Muñoz Hernández, Enrique Santos-Bueso, 
Ricardo Cuiña-Sardiña, David Díaz-Valle,  
José Antonio Gegúndez-Fernández, Jose M. Benitez Del Castillo. 
HOSPITAL CLINICO SAN CARLOS DE MADRID (SPAIN), 
MADRID, Spain.
Purpose: The aim of this study was to evaluate the effectiveness of 
Cacicol® (RGTA® or ReGeneraTing Agent), a matrix regeneration 
therapy, in 10 cases of neurotrophic keratitis (NK). Conventional 
treatments are often unsatisfactory and specific medical treatment is 
necessary for this corneal pathology. As a consequence, extensive 
research is being developed in this field.
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Methods: An uncontrolled, prospective and interventional case 
series was performed on 10 patients (10 eyes) with corneal NK 
with torpid evolution. These patients were treated with Cacicol® 
(Laboratoires Théa, Clermont-Ferrand, France) with a dose of 1 drop 
every 48 hours. The treatment was discontinued when epithelization 
was complete or, in some cases when no more improvement was 
expected.
Results: Ten patients (10 eyes) were treated: 7 females and 3 
males between 31 and 95 years of age. They presented NK with an 
evolution time range of 2 weeks to 12 months. Previous treatments 
that the patients received during that period included artificial tears 
and ointments, autologous serum drops, anti-inflammatory drops, 
oral and/or topics antibiotics and antiviral drugs, contact bandages 
and punctual occlusion. After starting the Cacicol® treatment, 9 of 
10 eyes were completely healed of NK. The epithelization time was 
7 to 90 days. Only one patient presented incomplete healing, but she 
showed more than 50% improvement.
None of the patients needed surgical treatment, and none of them had 
local or systemic adverse effects or intolerance to Cacicol®.
Conclusions: NK is a corneal pathology with frequently irregular 
response to the conventional treatments. Cacicol® is a polymer 
(carboxymethyl cellulose sulfate) that belongs to matrix regenerating 
agents (RGTA®) and mimics heparan-sulfate of the extracellular 
corneal matrix. This drug acts on the damaged tissue by providing 
structural support and giving stability to heparin-binding growth 
factors and matrix proteins, protecting them from proteolytic 
enzymes. Our study shows the effectiveness of this promising new 
alternative treatment for NK, and in some cases, it could possibly 
avoid the necessity of surgical treatment.
Commercial Relationships: Ana María Muñoz Hernández, None; 
Enrique Santos-Bueso, None; Ricardo Cuiña-Sardiña, None; 
David Díaz-Valle, None; José Antonio Gegúndez-Fernández, 
None; Jose M. Benitez Del Castillo, None
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PEDF+DHA stimulation of corneal nerve regeneration requires 
activation of Ca2+-independent Phospholipase A2-ζ and 
15-lipoxygenase-1
Thang L. PHAM1, Azucena H. Kakazu2, Jiucheng He2, Bokkyoo Jun1, 
Nicolas G. Bazan2, Haydee E. Bazan2. 1Neuroscience Center, LSU 
Health, New Orleans, LA; 2Ophthalmology and Neuroscience, LSU 
Health, New Orleans, LA.
Purpose: Our recent studies in mice have shown that PEDF+DHA 
stimulates corneal nerve regeneration by targeting neurotrophins and 
semaphorin7a (ARVO, 2016). Here we investigate the role of Ca2+-
independent phospholipase A2-ζ (iPLA2ζ) activity linked to PEDF-
receptor (PEDF-R) and 15-lipooxygenease-1 (15-LOX-1) activation 
related to docosanoids formation in the molecular mechanism of 
PEDF+DHA action.
Methods: Mouse corneas (right eye) were injured by rotating a 2 mm 
trephine to cut the nerves at the stromal level. There were 4 treatment 
groups: (1) PEDF+DHA, (2) co-administration of Atglistatin (iPLA2ζ 
inhibitor) and PEDF+DHA, (3) co-administration of PD146176 
(12,15-LOX-1 inhibitor) and PEDF+DHA, and (4) vehicle. To 
study gene expression and lipidomics, mice were euthanized and 
corneas were harvested at 3h. Tears from treated mice were also 
used to evaluate tear secretion by Schirmer’s test and levels of nerve 
growth factor (NGF), brain-derived neurotrophic factor (BDNF), 
and Sema7A were evaluated by western blot at different times after 
treatment. At day 7, whole corneas were excised, fixed and stained 
with monoclonal rabbit anti-PGP9.5 antibody. The whole mount 
images were used for nerve density.

Results: Synthesis of DHA derivatives 14HDHA and 17HDHA 
increased 3.5 and 9.5 fold after PEDF+DHA treatment for 3h. 
Secretion of BDNF, NGF, and Sema7A increased 2.3, 1.5 and 
4 times, respectively at 6h; and tear volume increased 1.4 times 
compared to vehicle-treated mice at day 6. Regenerated nerve density 
was 80 ± 2.4% of unwounded corneas. This rate of regeneration 
was 125% faster than vehicle-treated corneas. Co-treatment with 
iPLA2ζ and 12,15-LOX-1 inhibitors reduced all of the PEDF+DHA-
induced changes to the values of vehicle-treated corneas. Atglistatin 
decreased tear volume to 62% and nerve density to 75% of the 
PEDF+DHA values in treated corneas, while the inhibitory effects 
of PD146176 were 75% and 83%, respectively. In vehicle-treated 
corneas, tear secretion and nerve density values were 71% and 80% 
of PEDF+DHA-treated ones.
Conclusions: The molecular mechanism by which PEDF+DHA 
stimulates corneal nerve regeneration involves activation of 
iPLA2ζ and synthesis of DHA-derivative lipids that then induce the 
expression of specific neurotrophins and semaphorin 7A.
Commercial Relationships: Thang L. PHAM, None; 
Azucena H. Kakazu, None; Jiucheng He, None; Bokkyoo Jun, 
None; Nicolas G. Bazan, None; Haydee E. Bazan, None
Support: NIH grant R01-EY0119465 and a grant from Research 
Foundation to Prevent Blindness
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A Pre-Type II diabetic mouse model confers a change in P2X7 
protein trafficking that occurs with corneal injury
Vickery E. Trinkaus-Randall2, 1, Krisandra Kneer1, Celeste Rich1. 
1Biochemistry, Boston University School of Medicine, Boston, MA; 
2Ophthalmology, Boston University School of Medicine, Boston, 
MA.
Purpose: The P2X7 purinergic receptor is an ion channel expressed 
by epithelium, intra-epithelial and stromal nerves of the cornea. 
In injury P2X7 expression becomes concentrated at the wound 
margin, and decreases away from the wound suggesting that P2X7 
localization is important in corneal wound healing. We hypothesized 
that in pathologic corneal wound healing such as that occurs in 
diabetes there is a change in P2X7 localization and protein trafficking 
that alters the ability to properly sense the environment.
Methods: C57Bl6 mice were fed a high-fat diet to induce a pre-
Type 2 diabetes model (DiO). Epithelial debridement wounds 
were performed on DiO mice corneas after 8, 15 and 22 weeks of 
enhanced diet, and compared to WT age matched controls. Corneas 
were examined until wound closure was achieved. Real-time PCR 
and immunohistochemical analyses for P2X7, GM130 (a cis-Golgi 
marker), and beta3-tubulin were performed and imaged using Zeiss 
700 and 880 LSM with AIRYScan confocal microscopy. Brefeldin A 
treatment was used to verify cis-Golgi localization of P2X7.
Results: Corneas were examined at 2, 6 and 12 hours after injury. 
Corneas from 15 and 22 week DiO mice exhibited a 2-fold increase 
in the number of cells distal from the wound edge that expressed 
P2X7 compared to the 8 week DiO and WT mice. There was also 
a significant loss in P2X7 positive intraepithelial nerves. High 
resolution images resolved the localization of P2X7 to punctate 
staining around the nuclei. After 15 or more weeks, the corneas of 
DiO mice had significantly greater amounts of punctae P2X7 positive 
staining. P2X7 was localized to the cis-Golgi. After 15 weeks, 
there was significantly greater cis-Golgi punctae and P2X7 at the 
wound margin that extended back from the leading edge suggesting 
that protein trafficking is altered in the DiO mice corneas and that 
there may be a lack of secretion. Additional experiments verified 
localization.
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Conclusions: Changes in protein localization and potential 
trafficking of P2X7 in DiO corneas may reveal a major change in 
wound healing that cannot be detected in large scale assays. The 
enhanced expression and localization of P2X7 at the wound margin 
in DiO corneas suggest a potential for corneal epithelial cells to 
sense dietary changes that may attribute to improper secretion and 
trafficking of P2X7 to the membrane to promote healthy wound 
healing.
Commercial Relationships: Vickery E. Trinkaus-Randall, None; 
Krisandra Kneer, None; Celeste Rich, None
Support: NIHRO1EY06000, NIHR21 EY024392, The New England 
Corneal Transplant Fund, and Massachusetts Lions Eye Research
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INSULIN FACILITATES IN VITRO CORNEAL WOUND 
HEALING IN THE DIABETIC ENVIRONMENT
Cornelia W. Peterson, Heather L. Chandler. Vision Science, The 
Ohio State University, College of Optometry, Columbus, OH.
Purpose: There are more than 30 million people living with diabetes 
in the US alone, and it is projected that this number will increase to 
more than 500 million people globally by 2030. Half of these patients 
will develop corneal changes, termed diabetic keratopathy, during the 
course of their disease, predisposing them to pain and delayed wound 
healing. Due to the consistently increasing prevalence and estimated 
costs to treat diabetic keratopathy, there has been a growing effort to 
identify novel therapies to minimize discomfort and sight-threatening 
scarring. Topical insulin has been shown to reduce wound area and 
improve corneal sensitivity in diabetic rats. In the current study, we 
aimed to evaluate the effects of exogenous insulin on wound healing 
in human corneal epithelial cells (hCEC) in vitro.
Methods: Confluent hCEC were treated with glucose-supplemented 
(0, 0.92, or 6mM) media for 24 hours (h), then incubated with 0 or 
2 units (u) of human recombinant insulin, and a standard scratch test 
was performed. Wounds were imaged at 12h intervals from 24-48h, 
and software was used to determine the wound area. To evaluate 
protein synthesis, hCEC were again pre-treated with glucose, 
incubated with 0 or 2u of insulin, and then labeled with a fluorescent 
marker of nascent proteins with or without cycloheximide, an 
inhibitor of translation. A fluorescence assay was performed on 
treated hCEC.
Results: Insulin-treated hCEC showed a significant reduction in the 
mean wound area when compared to the vehicle at all time points in 
the 0mM glucose conditions. At the termination of the scratch test, 
31.0 +/- 10.3% mean wound area remained in the vehicle-treated 
hCEC and 6.0 +/- 3.9% in the insulin-treated hCEC (T test,  
p ≤ 0.05). Insulin-treated hCEC showed a significant increase in 
protein synthesis when compared to vehicle control across all glucose 
concentrations (T test; see Table 1).
Conclusions: These results suggest that insulin facilitates in vitro 
wound healing of hCEC at specific glucose concentrations by 
stimulating protein synthesis. Following further characterization 
of the mechanism of action, insulin may be developed into a new 
therapy for diabetic keratopathy.

Commercial Relationships: Cornelia W. Peterson, None; 
Heather L. Chandler, None
Support: Ohio Affiliate of Prevent Blindness.Young Investigator 
Student Fellowship Award for Female Scholars in Vision Research, 
2016.
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Lacking Down’s syndrome candidate region-1 lead corneal 
opacity via neovascularization
Suguru Nakagawa1, 2, Tetsuya Toyono1, Takashi Minami3, 
Tomohiko Usui1. 1Department of Ophthalmology, University of 
Tokyo, Tokyo, Japan; 2Department of Ophthalmology, Asahi 
general hospital, Asahi-shi, Japan; 3Dept. Life Science, Kumamoto 
University, Kumamoto, Japan.
Purpose: Down’s syndrome candidate region (DSCR)-1 (also 
known as RCAN1) suppresses vascular endothelial growth factor 
(VEGF)-mediated angiogenesis via calcineurin-NFAT pathway 
in cancer. However, a role of DSCR1 in development of corneal 
neovascularization is unknown.
Methods: Corneal neovascularization in 20- to 24-week-old male 
mice of Dscr1 knockout (Dscr1-/-) mice and Dscr1 transgenic 
(Dscr1Tg) mice was induced by 10-0 nylon suturing. Angiogenesis 
were quantified using double staining with CD31. Anti-SDF1 
neutral antibody administrations in Dscr1-/- mice were performed by 
subconjunctival injection. For genome-wide transcription analysis, 
Affymetrix GeneChip Mouse Genome 430 2.0 Array (Affymetrix, 
CA, USA) was used. The expression of DSCR-1 of human 
patients was examined using immunohistochemistry in Formalin-
fixed paraffin-embedded (FFPE) specimens of human corneal 
inflammatory diseases.
Results: Dscr1-/- mice developed spontaneous corneal opacity with 
age. Corneal angiogenesis were increased in the sutured cornea 
of Dscr1-/-mice. On the other hand, corneal angiogenesiswas 
decreased in the sutured cornea of Dscr1Tg mice. Pro-angiogenic 
Sdf1 expression was upregulated in cornea of Dscr1-/- mice and 
downregulated in Dscr1Tg mice. Anti- SDF1 administrations 
attenuated Dscr1-/--induced corneal opacities. Expression of DSCR1 
was detected in blood vessels and inflammatory cells in FFPE 
specimens of human corneal inflammatory diseases.
Conclusions: We demonstrated a connection between the 
calcineurin inhibitor DSCR1 and corneal angiogenesis. NFAT-
SDF-1/CXCR4 signaling axis would be a key regulator for corneal 
neovascularization.
Commercial Relationships: Suguru Nakagawa; Tetsuya Toyono, 
None; Takashi Minami, None; Tomohiko Usui, None
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Optimization of Decellularized Bovine Cornea for Corneal 
Reconstruction
Yu Jung Shin1, Jemin J. Chae2, Jennifer Elisseeff2, 1. 1Biomedical 
Engineering, Johns Hopkins Univeristy, Baltimore, MD;  
2Wilmer Eye Institute, Baltimore, MD.
Purpose: In previous studies, we have shown that the reconstructed 
decellularized porcine cornea is capable of corneal tissue 
regeneration. However, the size limitation of porcine cornea prevents 
a complete coverage of human cornea. Additionally, porcine tissues 
are prohibited in certain cultures. In order to address these issues, 
we have optimized a decellularization process specific to the bovine 
cornea. The purpose of this study is to optimize a non-immunogenic 
tissue based material which can be reconstructed into highly 
transparent corneal substitute.
Methods: Native bovine corneal tissues were dissected from fresh 
bovine eyes and washed in anti-bacterial and antifungal solutions. 
Afterwards, decellularization procedure was performed with 1% 
sodium dodecyl sulfate treatment (24hrs) followed by 1% Triton-X 
treatment (24hrs, 48hrs, 72hrs). Each set of cornea (N=5) was 
immersed in same amount of solutions and incubated under the same 
stirring speed (150rpm) to ensure identical diffusion and shear stress. 
Efficiency of decellularization method was assessed by Hochester 
dye (1ug/ml in TNE buffer) DNA quantification with fluorometer. 
Qualitative analysis of decellularization was conducted using H&E 
staining. Statistical analysis was performed by two tailed student’s  
t test and the data was presented with mean ± standard deviation.
Results: DNA content of decellularized cornea was significantly 
reduced at all 48hr, 72hr, and 96hr time points (p=0.000) compared 
to that of native cornea (2.969±0.086 µg/mg). The lowest mean 
DNA content was observed after 72 hours of SDS-Triton-x treatment 
(0.296±0.026 µg/mg) compared to mean DNA contents after 48 
hours (0.391±0.027 µg/mg) and 96 hours (0.394±0.106 µg/mg) of 
treatment. Student’s t test showed a significant decrease in DNA 
content between 48hr and 72hr time points (p=0.001). However, no 
significant difference was measured between 72hr and 96hr time 
points (p=0.142). The efficiency of 72hr SDS-Triton-x treatment was 
further supported by H&E staining. The 72hr sample did not show 
any hematoxylin staining, suggesting effective removal of cells.
Conclusions: Efficiency of decellularization is crucial in engineering 
a non-immunogenic material. Our results show that we have 
successfully optimized the decellularization condition for bovine 
corneal tissues. Through further vitrification and molding process, 
we aim to optimize a reconstructed decellularized bovine cornea with 
enhanced functions.
Commercial Relationships: Yu Jung Shin; Jemin J. Chae, None; 
Jennifer Elisseeff, None
Support: This research is generously supported by King Khaled 
Eye Specialist Hospital / Wilmer Eye Institute Research Grant 
(KKESHJHU/04-22) and PURA awards (Johns Hopkins University 
Undergraduate research award)
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Construction of a bioengineered corneal substitute in animal 
study
Xinyi Wu, Canwei Zhang. Ophthal QiLu Hosp/Ophthal, Shandong 
University, Jinan, Shandong, China.
Purpose: The aim of this study were to fabricate a full-thickness 
artificial cornea substitute using limbal epithelial cell-like (LEC-like) 
cells and corneal endothelial cell-like (CEC-like) cells derived from 

human embryonic stem cells (hESCs) andacellular porcine corneal 
matrix (APCM).
Methods: LEC-like and CEC-like cells were differentiated from 
hESCs in vitro. Then, a 400 µm thickness, 11 mm diameter APCM 
lamella was prepared as the scaffold using trephine and a special 
apparatus made by ourselves. Cornea was simulated by an APCM 
seeded with LEC-like and CEC-like cells using a special insert 
of 24-well plates that enabled seeding both sides of the scaffold. 
Morphological characteristics and cell markers of the constructs 
were investigated by HE and immunofluorescence staining. 
Furthermore, the thickness, transmittance, and mechanical properties 
of the construct were also measured. Then, the biocompatibility 
and functionality of the construct were evaluated by penetrating 
keratoplasty in rabbits, and the animals were followed with slit lamp 
ophthalmic examination, optical coherent tomography and confocal 
laser microscopy.
Results: The differentiated LEC-like cells and CEC-like cells showed 
similar properties to native LECs and CECs and good survival on 
APCM. Three or four layers of epithelial cells were observed on 
the Bowman’s membrane of APCM, and a uniform monolayer of 
CEC-like cells on the opposite side. Immunofluorescence showed 
expression of typical LEC and CEC markers on their corresponding 
sides. The thickness and mechanical properties of the construct 
were similar to native rabbit cornea. The transparency of the 
corneal substitute gradually increased after transplantation and 
almost completely restored on postoperative 8 weeks, although its 
transmittance (47%) was a little lower than that of native rabbit 
cornea (56%) in vitro.
Conclusions: The tissue-engineered full-thickness cornea substitute 
that we developed showed similar biological properties with the 
native cornea, and might be a suitable substitute of donor corneal 
graft for corneal transplantation.
Commercial Relationships: Xinyi Wu, None; Canwei Zhang, 
None

Program Number: 1396 Poster Board Number: B0046
Presentation Time: 8:30 AM–10:15 AM
Characterization of a collagen-based biomaterial for corneal 
transplantation: evaluation in a rabbit model
Muthukumar Thangavelu1, 2, Maria Xeroudaki1, Mehrdad Rafat2, 3, 
Per Fagerholm1, Neil S. Lagali1. 1Department of Clinical and 
Experimental Medicine (IKE) / Division of Neuro and Inflammation 
Sciences (NIV), Linköping University, Linkoping, Sweden; 
2Department of Biomedical Engineering, Linköping University, 
Linkoping, Sweden; 3LinkoCare Life Sciences AB, Linköping, 
Sweden, Linkoping, Sweden.
Purpose: 
To evaluate a bioengineered collagen construct (BPC) corneal 
implant using a femtosecond laser- assisted anterior lamellar 
keratoplasty rabbit models.
Methods: BPC corneal implants were fabricated using a 
carbodiamide- crosslinking system and characterized for their 
physiochemical properties using optical, mechanical and in vitro 
biocompatibility test methods. The optimum formulations were 
then tested in vivo. For in vivo study, 23 male New Zealand white 
albino rabbits were used. Two surgical techniques, both assisted by 
femtosecond laser were used to excise the rabbit cornea vertically 
at 7mm diameter and 280µm depth, including the epithelium 
and part of the stroma. Animals were divided into four different 
groups depending on the implant type (aurograft/BPC) and surgical 
technique (Flap/ALK). The first group were autograft (Auto 
Flap-ALK). The second group with the same procedure but with 
440µm- thick BPC implants (BCP Flap-ALK). The third group were 
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autograft (Auto-ALK) and the last group operated with femtosecond 
laser- assisted flap keratoplasty for the implantation of 280 µm- thick 
BPC (BCP-ALK). Rabbits were monitored up to months by optical 
coherence tomography and in vivo confocal microscopy.  
The rabbits were then sacrificed and their corneas excised and tested 
for immunohistochemistry.
Results: 
The BPC had superior light transmission charactristics than rabbit 
and human donor cornea and were mechanically stable with optimum 
elasticity and biocompatibliblity toward Human Corneal Epithelial 
Cells (HCECs). Among the two techniques used Flap-ALK method 
showed better results with no inflammation or rejection of the 
implants. The thicker BPC implants with deeper insertion were 
well-tolerated without any inflammation. The corneal thickness and 
transparency were maintained postoperatively. The results showed the 
migration of stromal fibroblasts in to the BCP implant and formation 
of newly synthesized collagen was observed.
Conclusions: The Flap-ALK method was found to be a better 
surgical technique for the implantation of thicker BPC scaffolds 
(cost effective) that can be an alternative method to support host cell 
infiltration and regeneration of the corneal stroma in vivo.
Commercial Relationships: Muthukumar Thangavelu, None; 
Maria Xeroudaki, None; Mehrdad Rafat, LinkoCare Life Sciences 
AB (S); Per Fagerholm; Neil S. Lagali, None
Support: This work was supported by the European Union 
Horizon2020 Research and Innovation Project ARREST 
BLINDNESS, Grant No. 667400-2.

Program Number: 1397 Poster Board Number: B0047
Presentation Time: 8:30 AM–10:15 AM
3D-printed Nano-structural Poly(ε-caprolactone) (PCL) Scaffolds 
for Corneal Stromal Regeneration
QI GAO1, 2, Jiajun Xie1, 2, Enrique Salero1, 3, Alfonso L. Sabater1, 3, 
Gabriel Gaidosh1, Elena De Juan-Pardo4, Dietmar W. Hutmacher4, 
Juan Ye2, Victor L. Perez1, 3. 1Ophthalmology, Bascom Palmer Eye 
Institute, University of Miami School of Medicine, Miami, FL; 2Eye 
Center, Second Affiliated Hospital, Zhejiang University School of 
Medicine, Hangzhou, China; 3Interdisciplinary Stem Cell Institute, 
University of Miami Miller School of Medicine, Miami, FL; 4Institute 
for Health and Biomedical Innovation, Queensland University of 
Technology, Brisbane, QLD, Australia.
Purpose: Regeneration of corneal stroma is believed to be among 
the greatest challenges in corneal tissue engineering. The aim of 
this study is to investigate the effect of a 3D-printed nano-structural 
poly(ε-caprolactone) (PCL) scaffold on the material-cellular 
interaction, and to evaluate the efficiency for the corneal stroma 
regeneration in vitro.
Methods: Two nano-structural scaffolds of different design and 
fiber distribution were fabricated by melt electrospinning 3D 
printing method using PCL. Human keratocytes were isolated 
from collagenase-digested limbal stromal tissue and seeded on 
the 3D-printed PCL scaffold. Cell morphology on scaffolds was 
studied by confocal microscopy, and cell proliferation was analyzed 
by PrestoBlue assay. Extracellular matrix(ECM) produced by 
keratocytes on the scaffolds was characterized by scanning electron 
microscope(SEM) and two-photon fluorescent microscopy.
Results: The 3D-printed PCL scaffolds exhibited different micro-
structure under SEM. As revealed in Figure.1, scaffold on the left 
presented offset fiber distribution, while the other one showed 
a fiber distribution at regular intervals. SEM and two-photon 
fluorescent microscopy demonstrated that keratocytes tended to 
grow along the fibrous network, and spread well on both scaffolds. 
Collagenous ECM produced by cells on the regular-fibrous scaffold 

was more abundant than on the offset-fibrous scaffold, forming a 
relatively thicker cross-section (Figure 2). Compared to a collagen 
fibrillar network secreted on regular-fibrous scaffolds, a lamellar 
ultrastructural ECM composed of aligned collagen was remodeled on 
offset-fibrous scaffolds, which was similar to native cornea stroma. 
Immunofluorescence staining showed that regular-fibrous scaffolds 
induced less secretion of type I collagen (COLI) and type V collagen 
(COLV) than offset-fibrous scaffolds.
Conclusions: Our study showed that the fiber composition 
and topography of 3D-printed nanofibrous PCL scaffolds have 
a significant effect on the cell behavior through the material-
cellular interaction. The refined design of nano-structure by melt 
electrospinning method stimulates self-organization and self-adaption 
of ECM, which helps mimicking native tissue microenvironments 
and offering the potential as cornea stroma regeneration substitutes.

Commercial Relationships: QI GAO, None; Jiajun Xie, 
None; Enrique Salero, None; Alfonso L. Sabater, None; 
Gabriel Gaidosh, None; Elena De Juan-Pardo, None; 
Dietmar W. Hutmacher, None; Juan Ye, None; Victor L. Perez, 
Rigel (C), Allergan (C), EyeGate Pharma (C), Baush & Lomb (C), 
Genentech (C), Parion Sciences (C), Eleven Biotherapeutics (C)
Support: NIH/NEI NIH R01EY024484; Center Core Grant 
P30EY014801; RPB Unrestricted Award and Career Development 
Awards; Department of Defense Grant# W81XWH-13-1-0048; 
Walter G. Ross Chair in Ophthalmic Research
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Program Number: 1398 Poster Board Number: B0048
Presentation Time: 8:30 AM–10:15 AM
Ex vivo 3D human corneal stroma model for Schnyder corneal 
dystrophy - role of autophagy in its pathogenesis and resolution
Dora J. Szabo1, Richárd Nagymihály1, Zoltán Veréb1, 
Natasha Josifovska1, Agate Noer2, Petra Liskova3, Andrea Facskó1, 
Morten Moe2, Goran Petrovski1, 2. 1Department of Ophthalmology, 
University of Szeged, Szeged, Hungary; 2Center of Eye Research, 
Department of Ophthalmology, University of Oslo, Oslo, Norway; 
3Institute of Inherited Metabolic Disorders, First Faculty of Medicine, 
Charles University in Prague and General University Hospital in 
Prague, Pragu, Czech Republic.
Purpose: Multilamellar bodies (MLBs) are concentric cytoplasmic 
membranes which form through an autophagy-dependent mechanism. 
In the cornea, presence of MLBs is associated with Schnyder corneal 
dystrophy (SCD). Ex vivo 3D modelling of the corneal stroma and 
SCD can help study pathogenesis and resolution of the disorder.
Methods: Corneal stroma explants were isolated from cadavers 
and cultivated long-term for more than 3 months to achieve 
spontaneous 3D outgrowth of corneal stroma-derived mesenchymal 
stem-like cells (CSMSCs). The 3D tissues were then examined by 
transmission electron microscopy (TEM) for presence of MLBs, 
and by immunofluorescent labelling against markers for autophagy 
(p62, LC3). Autophagy was induced by classical serum starvation or 
rapamycin (RAP) treatment (50nM), and inhibited by the autophagy 
inhibitor 3-methyladenine (3-MA, 10mM) for 24 hours.
Results: CSMSCs can form spontaneously 3D outgrowths over a 
3-4 weeks period, depositing own extracellular matrix containing 
collagen I. TEM confirmed the presence of MLBs in the long-term 
(>3 months) 3D cultures, which became more abundant under 
starvation and RAP treatment, and decreased in number under 
autophagy inhibition with 3-MA. The presence of autophagy and its 
disappearance could be confirmed by an inversely related increase 
and decrease in the expression of LC3 and p62, respectively.
Conclusions: MLB formation in long-standing CSMSC cultures 
could serve as potential ex vivo model for studying corneal stroma 
diseases, including SCD. Inhibition of autophagy can decrease the 
formation of MLBs, which may lead to a novel treatment of the 
disease in the future.
Commercial Relationships: Dora J. Szabo, None; 
Richárd Nagymihály, None; Zoltán Veréb, None; 
Natasha Josifovska, None; Agate Noer, None; Petra Liskova, 
None; Andrea Facskó, None; Morten Moe, None; 
Goran Petrovski, None
Support: HARVO Travel Grant 2017

Program Number: 1399 Poster Board Number: B0049
Presentation Time: 8:30 AM–10:15 AM
The use of corneal scrubbing associated with matrix therapy in 
the treatment of chronic ulcers
Lazreg Sihem1, didier renault2. 1Blida, Cabinet Dr Lazreg, Blida, 
Algeria; 2clinical trials, laboratoires THEA, Clermont ferrand, France.
Purpose: To enhance corneal healing with scrubbing before 
treatment with matrix therapy
Methods: Retrospective study on chronic corneal ulcers evolving for 
several weeks refractory to conventional treatments methods;
All the corneal ulcers were scrubbed with cotton buds, most of them 
received matrix therapy at the dose regimen of a drop every other 
day until corneal healing and preservative free lubricants 3 times a 
day, for the painful cases, we performed bandage contact lenses, and 
the remaining patients received the bandage contact lenses without 
matrix therapy ; ocular examination was performed at D0, D3, D7, 

D15 and D30, with slit lamp examination, fluorescein coloration and 
measurement of the size of the ulcers
Results: 15 patients were included and divided on 3 groups: Group1: 
n= 6 corneal scrubbing, matrix therapy, lubricant and contact lenses; 
Group 2: n= 8 corneal scrubbing, matrix therapy, lubricant without 
contact lenses; Group 3: n= 1 corneal scrubbing; lubricant and 
contact lenses; All the ulcers healed at D30, in the group1 and 2, 
corneal healing was faster between 7 and 10[days. No complications 
were reported despite the occurrence of one case of descemetocele at 
D3, with a good outcome at D15
Conclusions: Corneal scrubbing may accelerate corneal healing and 
therefore allows matrix therapy to be more efficient.
Commercial Relationships: Lazreg Sihem, None; didier renault, 
laboratoires THEA (E)

Program Number: 1400 Poster Board Number: B0050
Presentation Time: 8:30 AM–10:15 AM
Transcriptome Analysis of ALDH3A1-null Mice Elucidates New 
Roles of Corneal Crystallins
Nicholas Apostolopoulos1, Ying Chen2, Xiaoqing Yu3, Hongyu Zhao3, 
David Thompson4, Vasilis Vasiliou2, 1. 1Department of Ophthalmology 
& Visual Science, Yale School of Medicine, New Haven, CT; 
2Department of Environmental Health Sciences, Yale School of 
Public Health, New Haven, CT; 3Department of Biostatistics, Yale 
School of Public Health, New Haven, CT; 4Department of Clinical 
Pharmacology, University of Colorado School of Pharmacy, Denver, 
CO.
Purpose: ALDH3A1 is a corneal crystallin that causes a profound 
retardation in cell proliferation, decreased light scattering in vitro 
and protection against oxidative stress. Corneal injury decreases 
ALDH3A1 and triggers cell proliferation and the development of 
corneal haze due to increase light scattering. Our congenic Aldh3a1 
knockout (KO) mice exhibit corneal haze. The aim of the current 
study was to quantify transcriptome changes associated with the 
ALDH3A1-mediated corneal haze using RNA-seq analysis of 
corneas from KO and wild type (WT) mice.
Methods: RNA-seq analysis was performed in twelve week old WT 
and KO mice (N=4 per genotype). Differentially expressed genes in 
KO mice were identified as those with a minimum fold-change of 
+/− 2 and a Benjamini-Hochberg corrected p-value ≤0.05 relative 
to WT mice. MetaCore™ was used for pathway analyses and real 
time-quantitative PCR (qPCR) was used to confirm candidate genes. 
Student’s unpaired t-test was used to delineate significant differences 
(p < 0.05).
Results: RNA-seq analyses revealed approximately 300 upregulated 
and 200 downregulated genes in KO corneas (p < 0.05). Pathway 
analyses revealed apoptosis, transcription regulation, and cell 
cycle regulation as the most highly upregulated pathways, whereas 
synaptogenesis, IL13-mediated immune response, and O-glycan 
biosynthesis were the most highly downregulated pathways.
Conclusions: Our results extend our previous studies in 
demonstrating that ALDH3A1 may modulate corneal transparency 
by regulating cell cycle and apoptosis. In addition, by influencing 
synaptogenesis, the IL13-mediated immune response, and O-glycan 
synthesis, alterations in ALDH3A1 may also be involved in dry 
eye disease, ocular allergic responses, and corneal susceptibility to 
bacterial/parasitic infections. Metabolomic, lipidomic and proteomic 
analyses are underway to further define the role of ALDH3A1 in 
these conditions.
Commercial Relationships: Nicholas Apostolopoulos; Ying Chen, 
None; Xiaoqing Yu, None; Hongyu Zhao, None; David Thompson, 
None; Vasilis Vasiliou, None
Support: NIH grants EY021688
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Program Number: 1401 Poster Board Number: B0051
Presentation Time: 8:30 AM–10:15 AM
TNF-α upregulates HIF-1α expression in pterygium fibroblasts 
and enhances their susceptibility to VEGF independent of 
hypoxia
Jae Chan Kim, Joonhyung Yeo, Soo Jin Lee, Kyoung Woo Kim. 
Ophthalmology, Chung-Ang Univ. Hospital, Seoul, Korea  
(the Republic of).
Purpose: The clinical manifestations of pterygium are characterized 
by rapid growth and postoperative recurrences. We previously 
proposed that hypoxia-inducible factor (HIF)-1α recruits progenitor 
cells during the development and progression of pterygia. We tested 
the hypothesis that TNF-α induced inflammation may upregulate 
HIF-1α production in pterygial cells and further induce proteins 
involved in angiogenesis and vascular remodeling, such as VEGF 
using an experimental cell of cornea and conjunctiva.
Methods: Human umbilical vein endothelial cells (HUVECs), 
Human corneal epithelial cells (HCEpCs), Human corneal fibroblasts 
(HCFs), Human corneal endothelial cells (HCEnCs), Human 
conjunctival fibroblasts (HCJFs), and Human pterygium fibroblasts 
(HPFs) were treated with TNF-α (300-01, PeproTech, Rocky Hill, 
NJ, USA) at a concentration of 20 ng/mL for 24 hours to induce 
NF-κB activation for inflammation. The same cells were treated 
with cobalt (II) chloride (CoCl2; 15862, Sigma-Aldrich), which is a 
well-known hypoxia mimetic and a strong inducer of HIF-1α, at a 
concentration of 100 µM for 24 hours for hypoxia conditioning.
Results: Treatment of HPFs with TNF-α for 24 hours significantly 
upregulated HIF-1α mRNA and protein expression. However, 
hypoxic conditioning with CoCl2 treatment for 24 hours did not 
activate HIF-1α at all, and even unexpectedly suppressed HIF-1α 
at the mRNA level, as in HUVECs, HCEpCs, HCFs, HCEnCs, and 
HCJFs. And to investigate whether TNF-α affects the susceptibility 
of HPFs to VEGF, we analyzed VEGFR-1 and VEGFR-2 expression 
in cultured HPFs treated with TNF-α or CoCl2. VEGFR-1 expression 
did not change in response to either TNF-α or CoCl2 at both mRNA 
and protein expression levels. However, TNF-α significantly 
upregulated both mRNA and protein expression of VEGFR-2.
Conclusions: HPFs exhibited marked increases in the expression of 
HIF-1α and VEGFR-2 upon stimulation with TNF-α independent 
of hypoxia. TNF-α antagonist is likely to be effective against the 
stromal proliferation of pterygia.
Commercial Relationships: Jae Chan Kim, None; Joonhyung Yeo, 
None; Soo Jin Lee, None; Kyoung Woo Kim, None

Program Number: 1402 Poster Board Number: B0052
Presentation Time: 8:30 AM–10:15 AM
Predicting optimal CXL outcomes with cone-specific lysyl oxidase 
and other tissue factors’ expression in keratoconus patients
Pallak N. Kusumgar1, Nimisha R. Kumar1, Rohit Shetty1, 
Abhijit Sinha Roy1, Arkasubhra Ghosh2, Natasha Pahuja1. 
1Ophthalmology, Narayana Netralaya, Banglore, India; 2Molecular 
signaling and gene therapy, Narayana Netralaya, Banglore, India.
Purpose: In Keratoconus (KC), the cornea is deformed and weakest 
at the corneal cone area while the surrounding cornea is of normal 
thickness. Alteration in gene expression patterns may be specific to 
the “cone” and hence treatment outcomes may be dependent on levels 
of molecular markers within the ectatic zone. This study evaluated 
the gene expression changes at the corneal “cone” normalized to the 
corneal “periphery” of each subject to rule out individual specific 
expression patterns.
Methods: Corneal epithelium from 35 eyes (18 and 60 years) 
undergoing accelerated collagen crosslinking (9 mW/cm2 for 10 
minutes (KXL) or customized beam profile based crosslinking, 

KXLII) was separately obtained from the cone and periphery for 
each subject. Ratio of gene expression [for lysyl oxidase (LOX), 
matrix metalloproteinase 9 (MMP 9), bone morphogenic protein 
(BMP7), tissue inhibitor of metalloproteinase (TIMP1), collagens 
(COL IA1 and COL IVA1)] from the cone vs peripheral cornea was 
correlated with the outcome of crosslinking. Clinical parameters 
like keratometry, refraction, visual acuity and corneal densitometry 
was done for patients, before and 12 months after surgery. Surgical 
outcomes were classified based on the change in corneal flattening, 
as positive (improvement of >1 D) or sub-optimal. Exclusion criteria 
includes patients with any allergic or inflammatory eye disease, 
pregnancy, diabetes, glaucoma or corneal scarring.
Results: Both the surgical procedures (KXL and KXLII) show 
improved visual acuity which correlates with reduction in 
keratometric values. 80% of KXLII and 70% of KXL subjects had 
a positive outcome. Higher LOX levels in the cone epithelium 
correlated significantly with positive (p>0.05). Subjects with sub-
optimal outcome show the trend of reduced COL IVA1, BMP7 and 
TIMP1 gene expression at the ectatic cone. Patients with positive 
outcomes had relatively reduced MMP9 levels
Conclusions: The level of LOX and other tissue factors within the 
tissues may be a direct indicator of the ability of the tissue to be 
crosslinked. Thus tear measurement of LOX activity may be a useful 
screening tool for patient selection.
Commercial Relationships: Pallak N. Kusumgar, None; 
Nimisha R. Kumar, None; Rohit Shetty, None; Abhijit Sinha Roy, 
None; Arkasubhra Ghosh, None; Natasha Pahuja, None

Program Number: 1403 Poster Board Number: B0053
Presentation Time: 8:30 AM–10:15 AM
Molecular characterization of MIR184 mutation in keratoconus 
using primary human corneal cells
Mariam L. Khaled, Zhong Chen, Mitchell A. Watsky, Yutao Liu. 
Cellular Biology and Anatomy, Medical College of Georgia, Augusta 
University, Augusta, GA.
Purpose: Purpose: Keratoconus (KC) is the most common cornea 
ectasia. Mutations in MIR184 have been identified in KC patients; 
however, the exact mechanism remains unclear. miR-184 regulates 
cellular proliferation either by directly inhibiting AKT2 expression 
or indirectly via protecting INPPL-1 from degradation. We aimed to 
study the molecular impacts of mutated miR-184 on the expression 
of AKT2 and INPPL-1 in primary human corneal epithelial cells 
(HCEC) and stromal fibroblast cells (SFC).
Methods: Method: Primary HCEC and SFC were isolated from 
human donor eyes. Cells were cultured in 6-well plates and 
transfected with 50nM of miR-184 mimic, mutated miR-184  
(r. 57C>U), miR-184 inhibitor, or negative control. After 24 hours 
culture, both RNA and protein were collected from the cells for 
further analysis. The expression of miR-184, AKT2 and INPPL-1 
levels in HCEC and SFC was measured using droplet digital PCR 
(ddPCR). The house-keeping gene PRLP0 was used as the reference 
gene for normalization. A proliferation assay was performed in 
triplicate for human corneal epithelial cells after transfection and 
the fluorescence intensity was measured 1, 3, and 6 days after 
transfection.
Results: Results: ddPCR confirmed the expression alterations of 
miR-184 in HCEC and SFC with the corresponding transfections. 
Compared to the negative controls, HCEC and SFC transfected 
with the miR-184 mimic showed 25% and 40% reduction in AKT2 
expression, respectively (p <0.01). Both the mutant and the miR-
184 inhibitor showed no inhibition in HCEC or SFC AKT2 levels. 
INPPL-1 expression in the HCEC or SFC cells was not significantly 
different as compared to any of the miR-184 transfections. HCEC 
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transfected with miR-184 mutant or miR-184 inhibitor showed 
significantly increased cell proliferation (p<0.01) as compared to 
miR-184 mimic transfected cells. Western blot analysis is being 
conducted to examine protein expression alterations.
Conclusions: Conclusion: Mutation in MIR184 decreases its 
functional efficiency in regulating corneal epithelial proliferation. 
Mutated miR-184 leads to the dysregulation of AKT2 expression in 
both corneal epithelial and stromal cells. Deregulation of the AKT 
pathway may play a role in corneal abnormalities showed in KC.
Commercial Relationships: Mariam L. Khaled, None; 
Zhong Chen, None; Mitchell A. Watsky, None; Yutao Liu, None
Support: R01EY023242 and R01EY021747

Program Number: 1404 Poster Board Number: B0054
Presentation Time: 8:30 AM–10:15 AM
Successful reduction of pro-apoptotic Bax in corneal endothelial 
cells using non-viral RNA transfer
Siddharth Mahajan, Daniel Thieme, Friedrich E. Kruse, 
Thomas A. Fuchsluger. Eye Clinic - Cornea Lab, 
Universitatsklinikum Erlangen, Erlangen, Germany.
Purpose: Prevention of corneal endothelial cell (EC) apoptosis 
would be a functional approach to increase EC quantity and quality 
in corneas during storage and after transplantation. The objective of 
this study was to both assess the expression of pro-apoptotic marker 
protein Bax in EC and to optimize siRNA transfection parameters for 
its silencing.
Methods: The expression of Bax protein was analyzed in corneal 
endothelial cells following apoptosis induction with different 
concentrations of staurosporine (0.1 to 2.5µM). Protein expression 
was detected by western blotting and quantified with ImageJ. In 
order to investigate the effect of pro-apoptotic Bax knockdown, 
optimization of parameters for transfection of HCEC-12 cells with 
siRNA was performed. Fluorophore-conjugated control siRNA 
was used as it enabled us to analyze the transfection efficiency 
by flow cytometry. Forward and reverse transfection procedures 
were compared in order to find which procedure resulted in better 
transfection efficiency. Two different lipid-based transfection reagents 
were used (X-treme gene and RNAiMAX). Different concentrations 
of Bax siRNA (5 to 100nM) were used for transfection, then protein 
expression was analyzed at different time intervals (24, 48, 72hr) by 
western blotting.
Results: Higher transfection efficiency was observed with Xtreme 
gene reagent 72 ± 9% as against 60 ± 6% for RNAiMAX reagent. 
Interestingly, transfection efficiency was significantly higher in 
reverse transfection 72 ± 9% as compared to forward transfection 45 
± 10% (p<0.005) for Xtreme gene reagent. Based on the optimized 
parameters, Bax siRNA transfection showed gradual decrease in 
Bax expression across the concentration range (20 to 100nm). Bax 
expression was decreased up to 15 % with lower concentrations (up 
to 40nM) of siRNA. However, the higher concentration of 100nM 
Bax siRNA resulted in significantly higher Bax knockdown of 57 ± 
6% as compared to the control siRNA (p< 0.05). This decrease in Bax 
expression was significant at 24 and 48hr (p<0.05) but not at 72 hr 
after siRNA treatment.
Conclusions: We successfully demonstrated a transient reduction of 
pro-apoptotic Bax by non-viral siRNA transfer. Reverse transfection 
delivered better transfection efficiencies for this siRNA with Xtreme 
gene transfection reagent. These findings might open a potential 
treatment of EC which could be transferable to an eye bank setting.
Commercial Relationships: Siddharth Mahajan, 
None; Daniel Thieme, None; Friedrich E. Kruse, None; 
Thomas A. Fuchsluger, None
Support: DAAD

Program Number: 1405 Poster Board Number: B0055
Presentation Time: 8:30 AM–10:15 AM
Modified Therapeutic Agents to Reduce Corneal Edema in  
Ex-Vivo Porcine Eyes
Praveena Gupta, Malkit Singh, Jamal Saada, Edward Kraft, 
Kevin Merkley, Kathleen Vincent. University of Texas Medical 
Branch, Galveston, TX.
Purpose: 
Delicate hydration of the corneal stroma is needed to maintain good 
vision and corneal transparency. In Fuchs’ Endothelial Dystrophy, 
endothelial cells are damaged and lost causing fluid accumulation in 
the stroma. Medical management has been limited to 5% hypertonic 
saline drops or ointment, to draw water out of the edematous cornea 
through osmosis. Once medical treatment fails, chronic corneal 
edema can lead to bullae, inflammation, fibrosis, opacification, and 
pannus, which requires surgical management at the end stage. In this 
study, we induce corneal edema in ex-vivo porcine eyes and compare 
the effects of 5% hypertonic saline drops to modified hypertonic and 
hyperosmolar agents as potential therapeutics in reducing corneal 
edema in ex-vivo porcine eyes.
Methods: 
Corneal edema was induced in freshly enucleated pig eyes by 
immersing the whole globe in distilled water overnight. Intact 
porcine eye globes were then treated (n=4) in each group by one hour 
immersion in either:
- 5% hypertonic saline drops (standard therapy), or
- one of two modified hypertonic and hyperosmolar agents—
o 5% saline with 0.25% polyethylene glycol, 0.25% hyaluronic acid, 
20% dextran; or
o 5% saline with 0.25% polyethylene glycol, 0.25% hyaluronic acid, 
and 50% glycerol;
Central Corneal thickness was measured before and after swelling 
and after the treatment with modified osmolar agents using the Vevo 
2100 high frequency, high resolution ultrasound imaging system 
(Fujifilm VisualSonics, Inc.), B-mode images were acquired using the 
MicroScan™ Transducers MS550D.
Results: 
There was no significant difference in the 5 % saline treatment group 
and the modified 5 % saline combined with 20 % dextran group 
after one hour of treatment. However, there was a 37 % decrease in 
the corneal edema (p<.05) in the group that was treated with 5 % 
saline and 50 % glycerol. This corneal shrinkage with the combined 
hypertonic and hyperosmotic (50% glycerin) agent is more robust 
than using glycerin or the standard 5 % saline alone.
Conclusions: 
Corneal edema may be improved significantly by combining the 
standard hypertonic saline therapy with a hyperosmotic agent like 
glycerol. This may open new avenues for better management of 
Fuch’s dystrophy and quick vision recovery by deferring surgical 
interventions.
Commercial Relationships: Praveena Gupta, None; Malkit Singh, 
None; Jamal Saada, None; Edward Kraft, None; Kevin Merkley, 
None; Kathleen Vincent, None

Program Number: 1406 Poster Board Number: B0056
Presentation Time: 8:30 AM–10:15 AM
Corticosteroids effects on LPS-induced rat inflammatory 
keratocyte cell model
Pengxia Wan, Yingwei Wang, Huize Yan. Ophthalmology, The First 
Affiliated Hospital, Sun Yat-sen University, Guangzhou, China.
Purpose: Corticosteroids are efficient anti-inflammation treatments. 
However, there are still arguments on whether it should be used in 
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keratitis. This study was to observe the effect of corticosteroids on 
keratocytes both in normal condition and inflammation status in vitro.
Methods: Rat keratocytes were cultured and used for examination. 
10 µg/ml lipopolysaccharide (LPS) was used to establish the 
inflammatory keratocyte cell model, and prednisolone acetate 
(PA), dexamethasone (Dex) and fluorometholone (Flu) were used 
as corticosteroids treatments. 5 d-growth curve and cell viabilities 
were assayed by CCK8, and cell morphologies and migration rate 
were studied. TNF-α, IL-6 and IL-1β levels were examined by 
ELISA. Western blotting was used to quantified type VI collagen 
(Col VI) and matrix metalloproteinase 9 (MMP9) expressions, and 
immunofluorescence staining assays of Col I and Col VI were carried 
out.
Results: In normal condition, proliferation and migration of 
keratocytes were slightly influenced in PA, Dex and Flu groups. The 
synthesis of Col I and Col VI was suppressed and MMP9 expression 
increased in corticosteroid groups. But no significant difference was 
seen in TNF-α, IL-6 and IL-1β expression levels. In inflammatory 
status, TNF-α, IL-6 and MMP9 levels increased in LPS group, while 
they significantly decreased in corticosteroids groups. Although 
keratocytes viabilities and migration were slightly affected in 24 
h, no significant differences were seen between LPS group and 
corticosteroid groups in 5-d proliferation. Col I and Col VI synthesis 
in LPS-keratocytes was maintained with corticosteroids treatments.
Conclusions: Corticosteroids showed lightly effects on keratocytes 
proliferation and migration, but it successfully decreased TNF-α, 
IL-6 level and maintained the synthesis of and Col I and Col VI via 
suppressed the expression of MMP9 in LPS-induced keratocytes. And 
PA was suggested to use in early stage of keratitis clinical treatment.
Commercial Relationships: Pengxia Wan, None; Yingwei Wang, 
None; Huize Yan, None
Support: National Natural Science Foundation of China 
(No.812006592), Science and Technology Planning Project of 
Guangdong Province (No. 2014A020211011),Basal Research Fund 
for the Medical Young Scientists of Sun Yat-sen University  
(No. 14ykpy14)
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Untargeted metabolomics reveal lipid profile changes in rabbit 
cornea after sulfur mustard exposure
Vasilis Vasiliou1, James Jester2, David Thompson3, 
Georgia Charkoftaki1. 1Environmental Health Sciences, Yale 
University, New Haven, CT; 2University of California, Irvine Gavin 
Herbert Eye Institute, Irvine, CA; 3University of Colorado Anschutz 
Medical Campus, Aurora, CO.
Purpose: Sulfur mustard (SM) is a highly reactive alkylating 
agent that exerts local cytotoxic effects on eyes. Ocular injuries 
can be followed by delayed irreversible corneal injuries. The aim 
of this study was to: (i) characterize the ex-vivo depth of injury 
(DoI) response of rabbit corneas exposed to mechlorethamine 
hydrochloride nitrogen mustard (NM), a sulfur mustard simulant, and 
(ii) use untargeted metabolomics to elucidate the mechanism of the 
NM-mediated ocular damage.
Methods: Intact ex vivo rabbit eyes were placed in serum-free 
DMEM organ culture. NM (0, 1, 2.5, 5 or 10 mg/ml) was applied to 
the central cornea for 10 min using a 5 mm filter disk. Corneas were 
then cultured for 3 or 24 h before being (i) fixed for DoI analysis 
(TUNEL and Alexa 488- labeled phalloidin) or (ii) snap frozen for 
metabolomic analysis (LC-MS/MS, Waters Xevo G2-XS QTof). 
A method detecting lipids (lipidomics) was developed for rabbit 
cornea and the samples were run in both positive and negative mode. 

Multivariate analysis was used to compare vehicle and NM-treated 
corneas.
Results: No DoI damage was caused by 3 h NM exposure. At 24 
h, 1 mg/ml NM caused erosion of the corneal epithelium, but no 
damage to the underlying stroma. Damage caused by 2.5 mg/ml NM 
extended to a 50% depth of the corneal stroma, while 5 and 10 mg/ml 
completely penetrated the corneal stroma. Metabolomics showed an 
altered lipid profile occurred in NM-treated corneas at 24 h exposure. 
All NM doses were shown to increase sphingomyelin (SP) levels 
1.5-5 fold (p<0.1). Putative ions altered were C15-C18 and C26 SP. 
LC-MS/MS was able to detect changes at the lowest NM dose  
(1 mg). In most samples, there was a trend of increased ion 
abundance with increasing NM dose.
Conclusions: Doses of NM were identified that caused different 
DoIs to the cornea, from slight (1 mg/ml) to severe damage (5 and 10 
mg/ml) extending down to the corneal endothelium. Metabolomics 
revealed alterations in sphingomyelins. These lipids have been linked 
to many vital corneal cell processes, such as apoptosis and cell 
growth. We propose that SP analysis provides a sensitive method for 
evaluating novel approaches to prevent SM-induced ocular damage.
Commercial Relationships: Vasilis Vasiliou, None; James Jester, 
None; David Thompson, None; Georgia Charkoftaki, None
Support: 1089347.1.A10507..731250 R21 Counteract NEI

Program Number: 1408 Poster Board Number: B0058
Presentation Time: 8:30 AM–10:15 AM
Expression and partial purification of Secreted Ly-6/uPAR 
Related Protein-1 (SLURP1) in Pichia pastoris and its functional 
validation
Chandra Nath Roy1, Sudha Swamynathan1, 
Shivalingappa K. Swamynathan1, 2. 1Department of Ophthalmology, 
University of Pittsburgh, Pittsburgh, PA; 2Fox Center for Vision 
Restoration, University of Pittsburgh, Pittsburgh, PA.
Purpose: The 9kDa Secreted Ly-6/uPAR Related Protein-1 
(SLURP1) serves an immunomodulatory function in the ocular 
surface. Here, we optimized a process to express and partially purify 
large amounts of biologically active SLURP1 using eukaryote Pichia 
pastoris, facilitating further studies on SLURP1.
Methods: Human SLURP1 cDNA was cloned in-frame with 
α-factor secretion signal sequence of pPIC9 plasmid, linearized, 
electroporated into Pichia pastoris GS115, and the transformed His+ 
cells were cultured in buffered minimal medium at 30°C for 72h. 
SLURP1 expression was induced by 1% methanol added every 24h. 
Culture supernatants were passed through a 50kDa cut-off centrifugal 
filter to eliminate larger impurities and the flow-through concentrated 
by a 3kDa cut-off filter. Partially purified SLURP1 was analyzed by 
Nu-PAGE gels and immunoblots, and its biological activity tested on 
human corneal limbal epithelial (HCLE) cell viability, proliferation, 
migration, and TNF-a-stimulated (10ng/ml for 6 hours) cytokine 
production, and human umbilical vein endothelial cell (HUVEC) tube 
formation.
Results: After screening 46 Pichia transformants, we identified a 
clone which yielded about 100µg SLURP1/ml culture medium, 
which was purified and concentrated to 1.2mg/ml using the two-filter 
system. Viability was not affected in HCLE cells treated for 48h with 
1mg/ml Pichia-produced SLURP1 (PpSLURP1). PpSLURP1-treated 
HCLE cells proliferated at a relatively slower rate compared with 
those treated with control albumin. In gap-filling assays, PpSLURP1-
treated HCLE cells migrated slowly, filling 0.09 mm2 compared 
with 0.38 mm2 in control albumin-treated cells in 18h (p=0.0031). 
TNF-a-stimulated production of pro-inflammatory cytokines TNF-a, 
IL1A and IL8 was suppressed in PpSLURP1-treated cells by 32, 42 
and 36%, respectively, compared with those treated with albumin. 
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HUVEC tube formation was efficient in control cells but significantly 
disrupted in PpSLURP1-treated cells.
Conclusions: PpSLURP1 was anti-proliferative, anti-migratory and 
anti-angiogenic, consistent with the known SLURP1 functions. Thus, 
we have optimized a process to efficiently produce and partially 
purify large amounts of biologically active SLURP1 using simple 
methods in Pichia pastoris facilitating further studies on its ocular 
surface functions.
Commercial Relationships: Chandra Nath Roy, None; 
Sudha Swamynathan, None (P); Shivalingappa K. Swamynathan, 
None (P)
Support: NIH Grant R01EY022898, NIH Grant P30 EY08098, and 
unrestricted grant from Research to Prevent Blindness, Eye and Ear 
Foundation of Pittsburgh
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Presentation Time: 8:30 AM–10:15 AM
RNAseq Profiling and Deep Immuno-phenotyping of 
Regenerating Lacrimal Glands
Dillon Hawley, Claire Kublin, Audrey Michel, Lisa Clapisson, 
Driss Zoukhri. Tufts University School of Dental Medicine, Boston, 
MA.
Purpose: The murine lacrimal gland (LG) is capable of repair 
following experimentally induced injury. The repair starts 2-3 days 
following injury and is usually completed by the 5th or 7th day. The 
purpose of the present studies was to use RNAseq technology and 
CyTOF deep immuno-phenotyping to identify mediators of LG 
repair.
Methods: The LGs of BALB/c mice were injected (2 ml) with either 
saline (control) or interleukin 1 alpha (1 mg). LGs were harvested 
1, 2, 3, 4, 5, 7, or 14 days following injury. For RNAseq 500 ng of 
extracted RNA was used to construct libraries for sequencing on 
a HiSeq 2500 (Illumina, San Diego, CA). STAR aligner was used 
for genome alignment followed by RSEM and DESeq2 for gene 
expression quantification and downstream differential expression 
analysis. For immuno-phenotyping, single cells were isolated from 
LGs using collagenase II (264 U/mL) prior to staining with an 
optimized cocktail of 30 metal-conjugated antibodies and acquisition 
on a CyTOF II (Fluidigm, San Francisco, CA).
Results: Of a total of 43,346 Coding DNA Sequences analyzed, 
the expression of only 2,188 was statistically significantly 
different compared to saline injected LGs. The majority of the 
genes differentially expressed at day 1 and 2 were associated with 
inflammation. Between day 4 and 5 (tissue repair phase), there 
was selective upregulation of extracellular matrix (ECM) macro-
components (collagens, elastin, tenascins, etc.), enzymes involved in 
synthesis of ECM components (lysyl oxidase) and ECM remodeling 
enzymes (MMPs, ADAMs, and ADAMTS). Immuno-phenotyping 
identified neutrophils and monocytes as the major infiltrating cell 
populations at days 1, 2, and 3, while pDCs, NK, B, and T cell 
populations showed no major changes compared to uninjured LGs.
Conclusions: The innate immune system, neutrophils and monocytes, 
are identified as key mediators of the inflammatory response in acute 
LG injury. Following this inflammatory response, the LG undergoes 
dramatic histological alterations during regeneration, although, the 
expression of only a few genes seems to be differentially altered 
during 3 and 7 days post injury.
Commercial Relationships: Dillon Hawley, None; Claire Kublin, 
None; Audrey Michel, None; Lisa Clapisson, None; Driss Zoukhri, 
None
Support: NIH GRANT 2R01EY012383; An unrestricted research 
grant from Biogen (Cambridge, MA)
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Hyaluronic acid based hydrogels for therapeutic delivery of 
adipose stem cells to corneal defects
Laura Koivusalo1, Jennika Karvinen2, Eetu Sorsa2, 
Susanna Miettinen1, Tanja Ilmarinen1, Minna Kellomäki2, 
Heli Skottman1. 1BioMediTech, University of Tampere, Kangasala, 
Finland; 2Biomaterials and Tissue Engineering group, Tampere 
University of Technology, Tampere, Finland.
Purpose: Adipose stem cells (ASCs) have excellent therapeutic 
potential for treatment of corneal stromal defects, but feasible means 
of transplanting them is still lacking. In this study, we developed 
and compared two different hyaluronic acid (HA) hydrogels in 
order to evaluate their potential as a cell delivery vehicle to the 
corneal stroma. After preliminary tests, we then further modified 
the more promising HA-hydrogel by incorporating collagen I (CI) 
in the hydrogel structure. These HA based hydrogels are promising 
as corneal stromal biomaterials, as they form stable, crosslinked 
hydrogels rapidly in situ and are naturally degraded by enzymes in 
the body, without acidic degradation products.
Methods: We fabricated two hydrazone crosslinked HA hydrogels 
composed of differently synthesized HA components (HALD-
HAADH and HAALD-HACDH). We then combined CI with 
the HAALD and HACDH components in order to increase the 
cellular inductivity of the hydrogel. The chemical structure of the 
crosslinked hydrogels was analyzed using Fourier transform infrared 
spectroscopy (FTIR). The hydrogels were also characterized for their 
swelling and degradation behavior and rheological, mechanical and 
optical properties. Human ASCs were incorporated into the hydrogels 
and cultured up to two weeks to determine cytocompatibility of the 
hydrogels, analyzed via PrestoBlue and Live/dead staining.
Results: Comparison between the two HA hydrogel combinations 
revealed that HAALD-HACDH had improved stability and higher 
stiffness over HALD-HAADH. HAALD-HACDH also had a higher 
refractive index (1.341) than HALD-HAADH (1.335). The addition 
of CI lowered the swelling ratio of the HAALD-HACDH hydrogel 
and increased its stiffness. In cytocompatibility studies, HALD-
HAADH failed after three days due to hydrolytic degradation, but 
both HAALD-HACDH and HAALD-HACDH-CI maintained hASC 
viability and showed elongated cell morphology.
Conclusions: The HAALD-HACDH and HAALD-HACDH-CI 
hydrogels showed good cytocompatibility with hASCs, and had 
excellent optical properties. The cells can be injected to the damage 
site within gel precursor, the components gelate within a few seconds 
without any external linking agents or heat, and the hydrogels are 
naturally cleared by enzymatic degradation. Thus, we suggest these 
hydrogels as potential materials for ASC delivery to treat corneal 
stromal damages.
Commercial Relationships: Laura Koivusalo, None; 
Jennika Karvinen, None; Eetu Sorsa, None; Susanna Miettinen, 
None; Tanja Ilmarinen, None; Minna Kellomäki, None; 
Heli Skottman, None
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The impact of smoking on corneal graft failure
Austin L. Strohbehn, Murugesan Raju, Kirshna Shanmugam, 
Anthony Grillo, Frederick W. Fraunfelder. Ophthalmology, 
University of Missouri, Columbia, MO.
Purpose: Corneal transplantation is a highly successful surgical 
option for the treatment of advanced corneal disease. One of the 
primary concerns with corneal transplantation is graft rejection. 
The corneal transplant service at the University of Missouri has 
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hypothesized that smoking is a major risk factor for allograft failure 
and that it alters the proteome of human corneal cell lines.
Methods: The University of Missouri’s i2b2 database was 
used to retrospectively identify patients who underwent corneal 
transplantation and analyze their smoking status. Patient’s records 
that were incomplete or age below 18 were excluded from this study. 
Fisher’s exact test was used for statistical analysis. Human corneal 
epithelium cell lines were grown to confluence in tissue culture 
flasks and then incubated with either smoke extract or phosphate 
buffered saline as control for 16 hrs. These cells were homogenized 
using RIPA lysis buffer and total proteins were isolated by acetone 
precipitation method then analyzed by mass spectrometry (LC-MS/
MS).
Results: Of 254 patients who underwent corneal trasnplant surgery, 
144 patients had complete demographic information and were 
included in this study. The study population consisted of 46% female 
and 54% male subjects. The racial distribution was 87% white, 8% 
African American, and 5% other. Exactly 84 of these patients had 
undergone penetrating keratoplasty while 60 of these patients had 
undergone endothelial keratoplasty. Penetrating keratoplasty showed 
41% graft complication compared to endothelial keratoplasty at 
18% (p < 0.005). Further, patients with smoking history showed 
significantly increased corneal transplant failure (59%) within the 
penetrating keratoplasty group (p < 0.005). The total protein isolated 
from cultured human corneal epithelial control cells was 6.3 ± 0.2 mg 
and smoke-treated cells was 6.1 ± 0.3 mg/ T75 flask culture. LC-MS/
MS analysis showed a combined total number of abundant proteins 
of 624 (> 99% confidence on protein ID). Among these total proteins, 
571 proteins were detected in both control and smoke treated cells, 37 
proteins were uniquely detected only in smoke treated cells, and 16 
proteins were detected only in the control cells.
Conclusions: Our study demonstrates that smokers have significantly 
higher graft failure compared to non-smokers and that human corneal 
epithelial cells treated with smoke extract demonstrate an altered 
proteomic profile.
Commercial Relationships: Austin L. Strohbehn; 
Murugesan Raju, None; Kirshna Shanmugam, None; 
Anthony Grillo, None; Frederick W. Fraunfelder, None
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Lamellar corneal transplantation using reconstructed 
decellularized tissue in a rabbit model
Jemin J. Chae1, Yu Jung Shin2, Jennifer Elisseeff1, 2. 1Wilmer Eye 
Institute, Johns Hopkins University, Baltimore, MD; 2Biomedical 
Engineering, Johns Hopkins University, Baltimore, MD.
Purpose: Previously, we demonstrated successful reconstruction of 
the micro- and macro-structure of damaged decellularized cornea, 
resulting in restoration of transparency and unique concavity of the 
cornea. We further proved that structural reconstruction improved 
mechanical, thermal and biological properties of the cornea. We now 
aim to demonstrate the applicability of our reconstructed cornea (RC) 
to serve as a corneal substitute with a clinically relevant surgical 
procedure, lamellar corneal transplantation, using a rabbit model.
Methods: Eight male New Zealand white rabbits, 2 to 3.5 kg in 
weight, were used in this study. Rabbits were randomly divided two 
groups: 6 rabbits for the RC group and 2 animals for the untreated 
negative control. After removing a button of the rabbit cornea, rabbits 
in the RC cornea group received a shaped RC affixed using 10-0 
nylon sutures. The negative control group was similarly operated 
on, but did not receive any material and rather, was allowed to heal 
naturally. Clinical evaluations, including ophthalmic biomicroscopy 
and fluorescein staining were performed at day 3, 7, 14, 31, 90 after 

surgery. At postoperative 31 and 90 days, a rabbit from the control 
group and three rabbits from the RC group were sacrificed for H&E 
staining and transmission electron microscopy (TEM).
Results: The RC implants showed good integration with host 
tissue, regeneration of epithelium, as well as biocompatibility, and 
presented no significant complications such as neovascularization, 
graft degradation, graft dislocation or immune rejection. Pathological 
examination with H&E staining presented that the RC implanted 
corneas allowed corneal epithelial cells as well as keratocytes to 
migrate on and into the RC implants respectively. In addition, 
migrated keratocytes remodeled the collagen structure of the RC. In 
ultrastructural evaluation, the RC had fully integrated with host tissue 
by 3 months, post-surgery. However, some gaps between RC and 
host cornea were found at the interface up to 1 month post-surgery. 
Further, the collagen density of implanted RC was higher than that 
of the regenerated control cornea at both 1 month and 3 months after 
surgery.
Conclusions: The application of our RC for the rabbit partial 
keratectomy model demonstrated that the material has the potential to 
regenerate the damaged patient cornea and to substitute conventional 
human allograft transplantation.
Commercial Relationships: Jemin J. Chae, None; Yu Jung Shin, 
None; Jennifer Elisseeff, None
Support: DOD Grant W81XWH-09-2-0173

Program Number: 1413 Poster Board Number: B0063
Presentation Time: 8:30 AM–10:15 AM
Presence of an intact basement membrane enhances corneal 
endothelial cell migration and maintenance of a normal 
phenotype in-vivo
Maninder S. Bhogal2, 1, Gary S. Peh2, Jodhbir Mehta2.  
1Cornea and External diseases, Moorfields Eye Hospital, London, 
United Kingdom; 2Tissue Engineering and Stem Cells, Singapore Eye 
Research Institute, Singapore, Singapore.
Purpose: To determine if the presence of Descemet membrane (DM) 
impacts endothelial cell migration and phenotype in-vivo.
Methods: In group 1, New Zealand white rabbits underwent 
endothelial removal by scraping (7mm) (n=5). In group 2 underwent 
7mm descemetorhexis (n=5). In group 3, descemetorhexis was 
followed by implantation of an over-lapping, decellularized, human 
Descemet membrane graft; Descemet membrane transplantation 
(DMT)(n=5). Animals were followed up at days 1,3,5,8,11,14,21 and 
28 with slitlamp and OCT examination. Trypan blue dye was injected 
into the anterior chamber and the size of the residual wound was 
measured at each time point until full wound closure was observed 
for group 1 & 2. Animals were sacrificed and the corneal endothelium 
examined using scanning electron microscopy, immunofluorescence 
and histology.
Results: Central corneal thickness was higher in group 2 at all time 
points and failed to return to normal by 28 days. Corneal thickness 
(CCT) returned to normal (<400µm) by day 8 in group 1(p<0.01). 
Trypan blue assessment of wounds showed full closure by day 5 
in group 1 vs 14 days in group 2. Corneas in group 1 recovered 
normal clarity. In group 2 wound closure was associated with the 
development of a fibrous scar. Healed wounds in group 1 contained 
endothelial cells with normal tight junctions that expressed Na+/K+ 
ATPase, and had a healthy mosaic pattern. Endothelial cells in group 
2 became fibroblastic, exhibited prominent stress fibers were a-SMA 
positive, suggestive of endothelial to mesenchymal transformation. 
Performing a descemetorhexis followed by DMT resulted in 
reversion to the scrape phenotype observed for group 1, with no 
significant difference in CCT at any time point between groups 1 and 
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3 and healthy endothelial cells observed on the transplanted acellular 
DM (fig. 1).
Conclusions: The data presented here suggests endothelial cells 
migrate faster in-vivo when the DM is preserved. Preservation 
of DM also promotes the maintenance of a normal endothelial 
phenotype. Interest in regenerative medicine approach’s to treating 
Fuchs endothelial dystrophy (FED) is growing. Results from primary 
descemetorhexis in humans are mixed. Since preservation of native 
DM is not possible in FED as guttae affect vision and cell migration, 
performing Descemetorhexis followed by a new procedure we have 
termed DMT may be preferable to stripping alone.

Commercial Relationships: Maninder S. Bhogal, None; 
Gary S. Peh, None; Jodhbir Mehta
Support: MRC clinical research fellowship
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Role of TRAIL signaling in corneal fibrosis
Yumin Oh1, 2, Hui Lin3, Ying Liu3, Adriana Bora1, 2, Samuel C. Yiu3, 
Seulki Lee1, 2. 1Radiology, Johns Hopkins Univ., Baltimore, MD; 
2Center for Nanomedicine, Johns Hopkins Univ., Baltimore, MD; 
3Wilmer Eye Institute, Johns Hopkins University, Baltimore, MD.
Purpose: Corneal chemical burn is characterized by the presence 
of activated keratocytes (KC) which produce a variety of cytokine 
and growth factors resulting in the accumulation of extracellular 
matrix (ECM), and consequently leading to corneal fibrosis. KCs are 
derived from the corneal stroma which rapidly transit into activated 
myofibroblasts (MFBs) following stimulation. We hypothesized that 
selective blocking of activated KC would ameliorate corneal fibrosis 
and associated complications. Recently, we discovered that utilizing 
an engineered recombinant TRAIL (TRAILPEG) selectively induces 
apoptosis in activated MFBs, but not in normal cells in experimental 
models of liver and pancreatic fibrosis. To this end, we applied our 
hypothesis in experimental models of corneal fibrosis.
Methods: Primary human and rat KCs were activated with TGF-β 
and treated with TRAILPEG. Apoptosis assay, Western blot (WB), 
and gene expression by qRT-PCR (Acta2, Col1a2, Dr4, Dr5, 
and Tgf-β) were performed to analyze the efficacy of TRAILPEG. 
Immunofluorescence staining and flow cytometry were used to 
determine whether DRs will be colocalized with α-SMA in activated 
KCs. The corneal alkali-burn injury was induced by application of 
NaOH onto the cornea of Lewis rats (n=4). Briefly, the filter paper 
was soaked in 1 N NaOH and then placed on the central cornea for 
60 sec. 5 days later, the rats were assessed by the pathophysiological 
score, WB, and immunofluorescence to verify the TRAIL signaling 
on the sections by DRs/α-SMA dual-staining. Student’s t-test was 
used for statistical analysis.

Results: We investigated the effects of TRAILPEG in TGF-β activated 
KCs and the role of TRAIL signaling in DR-mediated apoptosis. 
Activated KCs highly express fibrogenic markers including α-SMA 
and collagen with a membrane expression of TRAIL receptors. 
Selectively TRAIL-induced apoptosis was observed by WST-1 (60%) 
and caspase activity assay, whereas changes were almost negligible 
in normal KCs after treating with TRAILPEG. To validate the clinical 
feasibility of the TRAILPEG in vivo, a moderate chemical burn injury 
was induced by NaOH. We found highly upregulated levels of 
α-SMA and colocalization of DR5+ cells in the α-SMA+ area when 
directly compared to the control cornea.
Conclusions: This study indicated that targeting a TRAIL signaling 
to eliminate activated KCs, originators for corneal fibrosis, can 
possibly provide an effective therapy for corneal chemical burn 
patients treatment.
Commercial Relationships: Yumin Oh, None; Hui Lin, None; 
Ying Liu, None; Adriana Bora, None; Samuel C. Yiu, None; 
Seulki Lee, None
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Mechanism of corneal toxicity from chloropicrin exposure
Dinesh Goswami1, Rama Kant1, David A. Ammar2, chapla agarwal1, 
Joe Gomez1, Laura M. Saba1, Rajesh Agarwal1, Kristofer S. Fritz1, 
Neera Tewari-Singh1. 1Department of Pharmaceutical Sciences, 
University of Colorado Denver, Aurora, CO; 2Department of 
Ophthalmology, University of Colorado Denver, Aurora, CO.
Purpose: Lack of research efforts to evaluate the mechanisms of 
corneal toxicity from chloropicrin (Trichloronitromethane; PS, CP) 
exposure has hampered the development of effective treatments 
against ocular surface injury from this fumigant and pesticide, 
which is a potential agent of warfare and terrorism. This study 
tested our hypothesis that CP-induced oxidative stress-related 
4-hydroxynonenal (4-HNE) production and subsequent protein 
carbonylation could play an important role in the mechanism of 
corneal toxicity from CP.
Methods: Toxic effects of CP (0-100 µM) were studied in primary 
human corneal epithelial (HCE) cells. Cell viability and apoptotic 
cell death was determined using MTT and Hoechst assays, 
respectively. Western blot analysis was carried out at 24 h post-
exposure to examine molecular markers of CP-induced toxicity, 
which could contribute to the CP (50 µM)-induced cellular toxicity. 
Proteomic analysis was carried out to identify carbonylated proteins 
via biotin-hydrazide enrichment and nUltra Performance Liquid 
Chromatography (nUPLC)-LC-MS/MS.
Results: CP (50 µM) exposure in HCE cells caused increases in 
Heme oxygenase-1 (3-fold), H2A.X (7-fold), and P53 (2-fold) 
phosphorylation, demonstrating oxidative stress and DNA damage. 
Up-regulation of cleaved caspase 3 (32-fold) and PARP (9-fold) 
following CP exposure indicated the contribution of this pathway 
in CP-induced apoptotic cell death. MAPK- JNK was maximally 
(5-fold) activated after CP exposure as compared to other MAPKs, 
and a CP-induced increase in inflammatory mediator COX-2 (3-fold), 
4-HNE adduct formation (3-fold), and protein carbonylation (8-fold) 
was also observed. Proteomic analysis revealed an increase in the 
carbonylation of 179 proteins following CP exposure and further 
bioinformatics analysis found enrichment of the proteasome pathway 
(8-fold), catabolic process (2.4-fold), intracellular protein transport  
(2 fold), and tRNA aminoacylation for protein translation (18-fold).
Conclusions: The study outcomes in HCE cells indicate that  
CP-induced oxidative stress signals and lipid peroxidation can cause 
protein carbonylation, prompting alterations in corneal epithelial 
proteins as well as activating signaling pathways resulting in toxic 
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effects in the corneal epithelium. Major pathways and processes 
identified in proteomic analysis following CP exposure could be lead-
hit targets for further biochemical characterization and therapeutic 
intervention.
Commercial Relationships: Dinesh Goswami, None; Rama Kant, 
None; David A. Ammar, None; chapla agarwal, None; 
Joe Gomez, None; Laura M. Saba, None; Rajesh Agarwal, None; 
Kristofer S. Fritz, None; Neera Tewari-Singh, None
Support: This work was supported (in part) by a grant from the 
Associate Dean of Research Seed Grant Program, Skaggs School of 
Pharmacy and Pharmaceutical Sciences, University of Colorado

Program Number: 1417 Poster Board Number: B0067
Presentation Time: 8:30 AM–10:15 AM
Corneal expression pattern of Semaphorin 3F
Tristan Reuer1, Bertan Cakir1, Felix Bock2, Anima D. Buehler1, 
Johanna Madeleine Walz1, Clemens Lange1, Hansjuergen Agostini1, 
Gunther R. Schlunck1, Claus Cursiefen2, Thomas Reinhard1, 
Andreas Stahl1. 1Eye Center, Medical Center, Faculty of Medicine, 
University of Freiburg, Freiburg, Germany; 2Department of 
Ophthalmology, University of Cologne, Cologne, Germany.
Purpose: Semaphorins are known modulators of angiogenesis. In 
the retina, semaphorin 3F (Sema3F) is selectively expressed in the 
outer nuclear layer and retinal pigment epithelium. Retinal Sema3F 
expression thus co-localizes with the physiologically avascular zone 
in the outer retina. Previous work from our group and others have 
demonstrated an anti-angiogenic effect of Sema3F. We have thus 
investigated whether Sema3F expression might co-localize with other 
physiologically avascular ocular tissues such as the cornea.
Methods: Sema3F expression in murine and human corneas was 
analyzed using qPCR and immunohistochemistry. In addition, 
Sema3F expression was quantified in primary human corneal 
epithelial cells in vitro using qPCR and Western Blot.
Results: Quantitative PCR revealed Sema3F expression in 
both murine and human corneas. Corneal Sema3F expression 
was significantly higher compared to expression in the adjacent 
conjunctiva. Within the cornea, there was no difference in 
Sema3F expression between central and peripheral regions. 
Immunohistochemistry localized Sema3F protein in the cornea 
mainly to the epithelium. In concordance, isolated primary human 
corneal epithelial cells expressed Sema3F both on mRNA as well as 
protein levels.
Conclusions: Similar to the physiologically avascular outer 
retinal layers, Sema3F is strongly expressed in corneal epithelium. 
Importantly, Sema3F expression is high in the cornea and almost 
undetectable in adjacent conjunctiva, indicating a selective expression 
in physiologically avascular tissues. This was confirmed both on 
mRNA as well as protein levels. These data suggest a potential role 
for Sema3F in maintaining corneal tissue avascularity.
Commercial Relationships: Tristan Reuer, None; 
Bertan Cakir, None; Felix Bock, None; Anima D. Buehler, 
None; Johanna Madeleine Walz, None; Clemens Lange, None; 
Hansjuergen Agostini, None; Gunther R. Schlunck, None; 
Claus Cursiefen, None; Thomas Reinhard, None; Andreas Stahl, 
None
Support: DFG FOR2240 , DFG STA 1102/5-1

Program Number: 1418 Poster Board Number: B0068
Presentation Time: 8:30 AM–10:15 AM
Characterization of the cornea in the YAP-/+ mouse
Soohyun Kim1, Sara M. Thomasy1, Vijay K. Raghunathan2, 
Paul G. FitzGerald3, Christopher J. Murphy1, 4. 1Veterinary Surgical 
and Radiological Science, University of California Davis, Davis, 
CA; 2The Ocular Surface Institute, College of Optometry, University 
of Houston, Houston, TX; 3Department of Cell Biology and Human 
Anatomy, School of Medicine, University of California Davis, Davis, 
CA; 4Department of Ophthalmology & Vision Science, School of 
Medicine, University of California Davis, Davis, CA.
Purpose: Yes-associated protein (YAP), is a transcriptional co-
activator encoded by the gene YAP, is part of the Hippo pathway 
and has critical functions in cell proliferation, apoptosis and 
mechanotransduction. Homozygous deletion of the YAP gene 
is known to be embryonic lethal and its dysregulation has been 
implicated in developmental abnormalities, such as hydrocephalus 
and renal disease. The purpose of this study was to identify the 
cornea phenotypic consequences of a single copy deletion of YAP 
(YAP-/+) in the mouse cornea.
Methods: Male YAP-/+ mice were generated on a C57BL/6N 
background and breed to wildtype (WT) females on a C57BL/6J 
background. 318 pups were genotyped with PCR. Complete 
ophthalmic examination (slit lamp and indirect ophthalmoscopy) 
with digital photography as well as corneal aesthesiometry, phenol 
red thread test, intraocular pressure, and OCT, were performed on 
18 mice between 14 days after birth (eyelid opening) and 9-month-
old. Findings were compared between YAP-/+ and age-matched 
WT. Following euthanasia, enucleated eyes were fixed using freeze 
substitution and processed for histological characterization.
Results: Microphthalmia with small palpebral fissures, corneal 
fibrosis and reduced corneal sensation were common findings in YAP-

/+ mice. Generalized corneal fibrosis precluded clinical examination 
of posterior structures. Corneal thickness of the YAP-/+ mouse was 
thinner than the WT as determined by OCT. Histologically, thinning 
of corneal epithelium was observed in YAP-/+ mice in comparison 
with WT and lacked the normal morphology of a stratified squamous 
epithelial layer. Distorted stromal fiber arrangement and edema were 
observed with stromal blood vessels. Descemet’s membrane was 
not observed in many YAP-/+ mice, and in cases when present, was 
extremely thin and lacked an endothelial layer. The iris was adherent 
to the posterior cornea along most of its surface creating a distorted 
contour. Most of the YAP-/+ eyes lacked identifiable lenses or were 
extremely microphakic with swollen fibers and/or bladder cells.
Conclusions: Our results show that the heterozygous deletion of 
the YAP gene in mice leads to the loss of corneal transparency due 
to the fibrosis, neovascularization, edema and abnormal endothelial 
structures with microphthalmia and lens abnormalities.
Commercial Relationships: Soohyun Kim; Sara M. Thomasy, 
None; Vijay K. Raghunathan, None; Paul G. FitzGerald, None; 
Christopher J. Murphy, None
Support: NIH Grant K08 EY021142, R01 EY019970, R01 
EY016134, and P30 EY12576
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Program Number: 1419 Poster Board Number: B0069
Presentation Time: 8:30 AM–10:15 AM
TGFß INDUCED KFM TRNASFORMATION IN HUMAN 
CORNEAL FIBROBLASTS IS MODULATED BY YAP AND 
TAZ
SANTOSHI MUPPALA1, Yeonju Song1, Eva Rewinski1, 
Vijay K. Raghunathan2, Iman Jalilian1, Sara M. Thomasy1, 
Christopher J. Murphy1, 3. 1Surgical and Radiological Sciences, 
University of California davis, Davis, CA; 2The Ocular Surface 
Institute, College of Optometry, Houston, TX; 3Ophthalmology and 
Vision Science, UC Davis School of Medicine, Davis, CA.
Purpose: Corneal stromal wound healing is a complex process which 
integrates a cascade of events including elaboration and remodeling 
of the extracellular matrix (ECM) and transdifferentiation of 
quiescent cells in the stroma (keratocytes, to activated fibroblasts and 
subsequently myofibroblasts-KFM transformation). Transforming 
Growth Factor ß1 (TGFß1) is elaborated in wounds after injury 
and promotes KFM transformation. TGFß causes cellular changes 
through smad transcriptional modulators which result in the 
phosphorylation of smad2/3 and association with smad4 relocates 
these proteins to the cell nucleus, accelerating the transcriptional 
cascade. The novel mechanotransduction factors Yes-associated 
protein (YAP) and Transcriptional coactivator with PDZ-binding 
motif (TAZ) are strongly implicated in the matrix stiffness. Here, we 
examined the effects of knockdown of YAP and TAZ on smad2/3/4, 
TGFß1 induced KFM transformation of human corneal fibroblasts 
(HCFs).
Methods: We used a knockdown approach to silence YAP and 
TAZ separately in immortalized human corneal stromal fibroblasts. 
24h post siRNA transfection, cells were cultured in the presence or 
absence of 10ng/ml TGFß1 for 72 hr. The expression of Smad2/3/4 
and Alpha Smooth Muscle Actin (αSMA) were assessed by 
immunostaining and Western blotting. Images were quantitatively 
analyzed using MATLAB.
Results: 
TGFß1 stimulation resulted in the translocation of YAP and TAZ 
to the nucleus suggesting inhibition of phosphorylation. Specific 
knockdown of YAP and TAZ decreased TGFß1 induced αSMA 
(effect of YAP knockdown>TAZ) suggesting YAP and TAZ to play a 
role in KFM transdifferentiation.
Conclusions: Our findings suggest that YAP and TAZ function as 
modulators of TGFß1 induced KFM transformation. These results 
suggest YAP and TAZ represent novel therapeutic targets for 
improving corneal wound healing outcomes for patients.
 I think modulation is more accurate for the state of the investigations 
to date. Vijay---your thoughts? Also: the data are what the data are 
but we will need to reconcile the differing results prior to publication. 
Again, Vijay, your thoughts welcome in devising a work plan towards 
pblication
Commercial Relationships: SANTOSHI MUPPALA, None; 
Yeonju Song, None; Eva Rewinski, None; Vijay K. Raghunathan, 
None; Iman Jalilian, None; Sara M. Thomasy, None; 
Christopher J. Murphy, None

Program Number: 1420 Poster Board Number: B0070
Presentation Time: 8:30 AM–10:15 AM
Effects of YAP small molecule activators on human neural crest 
stem cells and corneal endothelial cells
Jiagang Zhao1, Peng-Yu Yang2, 3, Weijun Shen3, Peter G. Schultz2, 3, 
Natalie A. Afshari1. 1Shiley Eye Center, University of California San 
Diego, La Jolla, CA; 2Department of Chemistry and The Skaggs 
Institute for Chemical Biology, The Scripps Research Institute, La 
Jolla, CA; 3California Institute for Biomedical Research, La Jolla, 
CA.
Purpose: To probe whether Hippo-YAP pathway is a potential drug 
target for treating cell loss of corneal endothelium and to investigate 
novel small molecule activators of YAP for use in corneal endothelial 
regenerative medicine.
Methods: The novel, potent, selective YAP small molecule activators 
were tested in the cultured hiPSC-derived neural crest stem cells 
(NCSCs), NCSC-derived corneal endothelial cells (CECs) and 
human primary CECs. Alterations in cell proliferation, morphology, 
expression of cell markers and Hippo-Yap signaling pathway have 
been examined.
Results: Previously, we found that subcellular localization of YAP is 
correlated with growth capacity of human corneal endothelial cells. 
The small molecular activators of YAP were initially identified by a 
screening a library of drug-like compounds in non-corneal tissue cell 
types. These compounds increase YAP dephosphorylation and nuclear 
localization, and activate YAP target gene expression and prevent 
cell-cell contact inhibition. In human corneal endothelial cell cultures, 
the presence of YAP small molecular activator increased numbers 
of Ki-67+ cells without promoting endothelial-to-mesenchymal 
transition. In addition, we tested the effect of compound on hiPSC-
derived NCSC, the precursor of corneal endothelial cells. The 
treatment suppressed spontaneous cell differentiation and enriched 
SOX2 positive NCSCs in the culture.
Conclusions: Previous studies by us and others suggested that 
Hippo-Yap pathway may play an important role in cell-cell 
contact inhibition and preventing cell reentry of mitosis in corneal 
endothelium. Our current work demonstrates the potential of using 
a small molecular activator of YAP to promote the proliferation of 
human corneal endothelial cells as well as to expand their  
precursors -ocular NCSCs.
Commercial Relationships: Jiagang Zhao, None;  
Peng-Yu Yang, None; Weijun Shen, None; Peter G. Schultz, None; 
Natalie A. Afshari, None
Support: NEI P30EY022589; Research to Prevent Blindness; 
California Institute for Biomedical Research

Program Number: 1421 Poster Board Number: B0071
Presentation Time: 8:30 AM–10:15 AM
Functional study of RAD21 mutation identified in a sclerocornea 
pedigree
WAI KIT CHU1, Bining Zhang1, Pancy Oi Sin Tam1, Li Jia Chen1, 
Tommy Chung Yan Chan2, Vishal Jhanji1, Chi Pui Pang1. 
1Ophthalmology and Visual Sciences, The Chinese University of 
Hong Kong, Hong Kong, Hong Kong, Hong Kong; 2Hong Kong Eye 
Hospital, Hong Kong, Hong Kong.
Purpose: Sclerocornea is an abnormality of opacity at the 
peripheral part or the entire surface of a cornea. Those patients with 
sclerocornea affecting the whole corneal surface area usually suffer 
complete blindness. And those with peripheral sclerocornea would 
still have visual field restriction. Currently there is no medication to 
treat sclerocornea. Corneal transplantation is the only treatment to 
restore vision. Given the limited supply of cornea for transplantation, 
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there is a need to understand the disease mechanism of sclerocornea 
for the development of alternative treatments.
Methods: A Chinese family showing peripheral sclerocornea-
like characteristics in six individuals over three generations out of 
nineteen family members was identified. Blood was taken from 
four affected and one unaffected family members. Genomic DNA 
was extracted for exome sequencing. Peripheral blood mononuclear 
cells (PBMC) were extracted from blood using Ficoll-Paque and 
transformed with Epstein–Barr virus. The transformed cells were 
characterized by staining with B-cell marker CD23 and analyzed 
by flow cytometry. Allele-specific gene expression was studied by 
reverse-transcription DNA sequencing. Chromosomes were stained 
with Giemsa and counted under a light microscope. Statistics was 
done by using t-test and p < 0.05 was used to reflect statistical 
significance.
Results: Heterozygous mutation in RAD21 was identified only in 
affected family members but not in the unaffected family members. 
These affected family members expressed both the wild-type and 
mutated RAD21 alleles. In the five transformed PBMC (four affected 
and one unaffected family members), 97.1% +/- 1.83% of the cell 
population stained positively with the CD23 marker. There was no 
significant difference in chromosome numbers between the affected 
and unaffected PBMC (p > 0.05).
Conclusions: We have identified a heterozygous mutation in 
RAD21in a Chinese family showing peripheral sclerocornea-like 
characteristics. RAD21 involves in sister chromatid separation 
and genome stability. However, the chromosome numbers remain 
normal in the affected family members. Further work will be done in 
studying the roles of RAD21 in sclerocornea.
Commercial Relationships: WAI KIT CHU, None; Bining Zhang, 
None; Pancy Oi Sin Tam, None; Li Jia Chen, None; Tommy 
Chung Yan Chan, None; Vishal Jhanji, None; Chi Pui Pang, None

Program Number: 1422 Poster Board Number: B0072
Presentation Time: 8:30 AM–10:15 AM
Subbasal Corneal Nerves in Acute Desiccating Stress Model of 
Murine Dry Eye
Behrad Y. Milani, Sandeep Jain. Ophthalmology, Univ of Illinois at 
Chicago, Chicago, IL.
Purpose: To evaluate subbasal corneal nerve density and corneal 
sensation in acute desiccating stress model of dry eye disease.
Methods: Twenty 8-week-old female thy-YFP mice were used in this 
study. Ten mice were placed in desiccating environment (humidity 
10%) and the other ten in normal conditions for a period of 4 weeks. 
Dry eye was assessed with Aqueous tear production and cornea 
fluorescein score. Stereo fluorescence microscopy was used to obtain 
serial images of nerves and Cornea sensation measured by modified 
electronic Von Frey Anesthesiometer.
Results: Aqueous tear production was significantly decreased 
after 4 weeks (618+/- 264mm Vs 1738 +/- 492 mm) and cornea 
fluorescein score was increased (10.7 +/- 2.1 Vs 2.5 +/- 1.8). There 
was a decrease in corneal sensation in desiccating environment group 
(12.2 +/- 3.4mg Vs 4.1 +/- 1.1mg) and no difference was observed in 
subbasal nerve density after 4 weeks.
Conclusions: There is no correlation between subbasal corneal nerve 
density and corneal sensation loss in acute desiccating stress model of 
murine dry eye disease.
Commercial Relationships: Behrad Y. Milani; Sandeep Jain, 
None
Support: National Eye Institute (NEI) Grant EY018874, 
R01EY023656 (SJ), NEI core grant EY001792

Program Number: 1423 Poster Board Number: B0073
Presentation Time: 8:30 AM–10:15 AM
Immunological characterization of chemical burn-induced ocular 
surface pannus in humans, rabbits and mice after limbal stem 
cell deficiency
Vivek Singh1, 2, Harsha Agarwal1, 2, Abhinav Reddy Kethiri1, 2, 
Mukesh Damala1, 2, Sayan Basu1, 2, Virender S. Sangwan1, 2. 
1Center for Ocular Regeneration (CORE), LV Prasad Eye Institute 
(Hyderabad Eye Research Foundation), Hyderabad, India; 2Tej Kohli 
Cornea Institute, LV Prasad Eye Institute, Hyderabad, India.
Purpose: This study evaluated the validity of using rabbit and 
mouse animal models of limbal stem cell deficiency (LSCD). We 
also evaluated the biology of corneal damage in ocular burns by 
comparing the histological and immunological characteristics of 
alkali burn-induced chronic ocular surface pannus in humans, rabbit 
and mouse eyes.
Methods: Human samples (n=12) were obtained from eyes 
undergoing excision of the pathological pannus during limbal stem 
cell transplantation. The animal models of unilateral chronic ocular 
alkali burns were created by a single application of sodium hydroxide 
(0.1N) followed by 8 to 12 weeks before sacrificing the adult New 
Zealand white rabbits (n=20) and C57/BL6 black mice (n=12). 
Paraffin fixed tissue sections were stained with Hematoxylin-Eosin 
(H&E) and Periodic acid–Schiff (PAS) to study the histopathological 
features. Immunohistochemistry was performed to identify and 
quantify immune infiltrates by detecting the expression of T- cells 
(CD3/5), B-cells (CD20) and plasma B-cell (CD138). The signaling 
pathways involving CD40 were also investigated.
Results: Granulomatous tissue with inflammation was noted in all 
human samples with epithelial hyperplasia, neo-vascularization, 
surface ulceration and active fibrosis. The common histological 
features included presence of goblet cells on the corneal surface 
(75%), multinucleated giant cells in the underlying stroma (50%) and 
keratinization of the epithelium (33.3%), thus confirming the clinical 
diagnosis of LSCD. Similar histopathological features were observed 
in excised corneas of both rabbits and mice (p>0.05). Lymphocytic 
infiltrates in the human pannus were found to be positive for CD3 
(22.3±2.7%), CD5 (13.1±1.8%), CD20 (5.36±1.1%) and CD138 
(6.3±2.1%). We also obsereved CD40 poitive cells in these pannus.
Conclusions: The findings of the study suggest that both the rabbit 
and the mouse models of ocular alkali burns closely mimic the human 
condition. The presence of inflammatory cells many months after 
the acute burn may potentially lead to limbal or corneal transplant 
rejection in the future. Therefore, identification and regulation of 
the local inflammation prior to limbal transplantation needs to be 
contemplated in human eyes.

Commercial Relationships: Vivek Singh, None; Harsha Agarwal, 
None; Abhinav Reddy Kethiri, None; Mukesh Damala, None; 
Sayan Basu, None; Virender S. Sangwan, None
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Support: Research Grant (Young Scientists) by SCIENCE & 
ENGINEERING RESEARCH BOARD (SERB)- Registration 
No.SERB/LS-599/2013 ( 2014-2017).

Program Number: 1424 Poster Board Number: B0074
Presentation Time: 8:30 AM–10:15 AM
Shp2 protein tyrosine phosphatase affects corneal epithelial 
stratification and innervation
Yuka Okada2, 1, Yujin Zhang2, Lingling Zhang2, Yen-Chiao Wang2, 
Chia-Yang Liu2. 1Ophthalmology, Wakayama Medical University, 
Wakayama, Japan; 2School of Optometry, Indian University, 
Bloomington, IN.
Purpose: Corneal nerves are important for the detection of noxious 
stimuli at the surface of the cornea and for protection against corneal 
injury. We examine whether genetically impaired corneal epithelial 
stratification due to Shp2 deficiency or over expression can impact 
corneal innervation during development and nerve integrity in mature 
cornea.
Methods: Shp2 was conditionally knocked-out (Shp2cko) or ectopic 
expression of a murine gain-of-function mutant (Shp2cGOF) in the 
corneal epithelium administrated with doxycycline (Dox) from 
postnatal day 21 (P21) to P35, P50, and P110, respectively. Mouse 
eyes were subjected to histology and immunohistochemistry. In 
corneal epithelial wound healing experiment of Shp2cko, administrated 
with Dox from P60 to P74 were used. Time dependent closure 
of a 2.0 mm diameter central corneal epithelial debridement was 
monitored in the right eyes of mice for up to 48 h using fluorescein 
green staining.
Results: Shp2cko mice, corneal epithelial cell layers are decreased. 
Whole-mount examination of nerve specific protein, anti-neuron-
specific β-tubulin antibody (TUJ1) positive nerve was dramatically 
reduced in Shp2cko mice as compare to control cornea. Conversely, 
corneal epithelial cell layers and TUJ1 positive nerve was increased 
in Shp2cGOF. In corneal wound healing model, the corneal epithelial 
defect remaining was larger in Shp2cko mice as compared with control 
mice.
Conclusions: These data argue that the corneal epithelial 
stratification is indispensable for corneal innervation. The Shp2cKO 
and Shp2cGOF mouse strains are potential models to study the role 
of epithelium-nerve interaction and also a novel animal models for 
neurotrophic keratopathy.
Commercial Relationships: Yuka Okada; Yujin Zhang, None; 
Lingling Zhang, None; Yen-Chiao Wang, None; Chia-Yang Liu, 
None
Support: NIH RO1 EY21501 EY 23086

Program Number: 1425 Poster Board Number: B0075
Presentation Time: 8:30 AM–10:15 AM
Assessing the Potential of Stem Cells to Regenerate Stromal 
Tissue
James L. Funderburgh1, Martha L. Funderburgh1, Mary Mann1, 
Irona Khandaker1, Golnar Shojaati1, 2. 1Ophthalmology, Univ of 
Pittsburgh School of Medicine, Pittsburgh, PA; 2Ophthalmology, 
University Hospital Zurich, Zurich, Switzerland.
Purpose: Mesenchymal stem cells from human corneal stroma 
(CSSC) promote regeneration of transparent stromal tissue in healing 
corneas; however, CSSC isolated from different donors vary in their 
ability to induce corneal regeneration. Differentiation of RAW 264.7 
macrophages induced by RANKL can be suppressed by a variety 
of anti-inflammatory agents. This study tested the hypothesis that 
suppression of macrophage differentiation by CSSC correlates with 
the ability to resolve stromal scarring.

Methods: CSSC isolated from limbal stroma of human corneal rims 
were applied to wounded mouse cornea in fibrin gel as previously 
described (PMID: 25504883). Corneal scarring was scored in masked 
fashion 14 d after wounding. Fibrotic gene expression in wounded 
corneas was assessed by qPCR. Differentiation of RAW 264.7 cells 
was induced by RANKL and assayed by tartrate-resistant alkaline 
phosphatase (TRAP) and qPCR for Mmp9, Acp5, and Ctsk. RNA 
expression patterns in six subconfluent CSSC lines were queried by 
RNAseq with 30M reads. Statistical significance was determined 
with t-tests and regression analysis with p<0.05 as a criterion.
Results: CSSC co-culture and CSSC conditioned media suppressed 
RANKL-induced gene expression and TRAP enzyme activity in 
a concentration-dependent manner (p<0.05, n=6). Conditioned 
media from 20 different cell lines revealed a gradient of suppression 
(p<0.0001, n=20). Three lines with strong suppression of 
differentiation (SSD) and three with weak suppression (WSD) were 
characterized by RNA expression profiling identifying >10 genes 
significantly upregulated in the SSD lines, which have not been 
previously identified as stem cell markers. Cell therapy using CSSC 
from two SSD lines suppressed scarring and fibrotic gene expression 
in healing mouse corneal wounds, whereas cells from two WSD lines 
were not effective in preventing scarring at the same concentration 
(p<0.001, n=8).
Conclusions: Cell lines that that effectively suppress RAW cell 
differentiation are more effective at promoting corneal regeneration 
than those with weak suppressive function. These results suggest 
CSSC regenerative potential is directly related to anti-inflammatory 
properties of the cells lines. RAW 264.7 cells can provide a 
standardizable assay system for identifying CSSC cells with high 
regenerative potential. This assay may be useful as a quality control 
measure in developing a cell-based reagent for human corneal 
therapy.
Commercial Relationships: James L. Funderburgh, 
None; Martha L. Funderburgh, None; Mary Mann, None; 
Irona Khandaker, None; Golnar Shojaati, None
Support: DoD Award: MR130197, NIH Grant EY016415,  
P30-EY008098, Research to Prevent Blindness, Eye and Ear 
Foundation of Pittsburgh

Program Number: 1426 Poster Board Number: B0076
Presentation Time: 8:30 AM–10:15 AM
Establishment and characterization of a novel Serine Protease 
Induced Reprograming (SPIR) method with applications in 
ocular tissue regeneration
Maryada Sharma1, Rajendra Kumar2, Jagat Ram3, Manni Luthra-
Guptasarma1. 1Immunopathology, Postgraduate Institute of Medical 
Education and Research, Chandigarh, India; 2Panjab University, 
Chandigarh, India; 3Postgraduate Institute of Medical Education and 
Research, Chandigarh, India.
Purpose: Personalized medicine employing stem cells has immense 
potential in the treatment of ocular disorders; however, even a decade 
after the discovery of iPSCs, the precise mechanism is ill-understood. 
We have serendipitously discovered a novel  
in-vitro culture method, associated with induction, establishment and 
enrichment of stem cells, using a serine protease; this serine protease 
induced reprograming (SPIR) method was used for ocular tissue 
reprograming.
Methods: Human corneal/limbal cells (HCCs) cultured using this 
method, were evaluated for expression of stem cell markers by 
immunofluorescence; the secretome was analyzed by multiplex 
CBA-bead array. HCCs were subjected to the SPIR reprograming; 
use of these cells along with synthetic collagen resulted in creation of 
cornea-like tissue (CLT) ex-vivo. CLT was characterized by optical 
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coherence tomography (OCT) and scanning electron microscopy 
(SEM).
Results: We found that cellular reprograming is associated with 
induction of a low molecular weight serine protease in the culture 
system; further, exogenous addition of this protease alone, followed 
by its interaction with the cognate receptor is necessary and sufficient 
for induction of reprograming in ocular cells. SPIR-culturing of 
HCCs resulted in “stemness” marked by upregulation of Nanog, 
Sox-2, Ki67, β-catenin, CD73, CD90, CD105 and ICAM-1, and 
increased expression of the serine protease receptor. The secretome 
revealed significant upregulation of bFGF and IL-1β. Use of SPIR-
reprogramed HCCs, along with synthetic collagen gave rise to nearly 
convex, transparent CLT, akin to native cornea (500-1000µm, as 
determined by OCT) that integrated completely into human donor-
derived corneo-scleral rims, facilitating the desirable sizing (10-11 
mm) for therapeutic and aesthetic corneal/limbal transplantations.
Conclusions: Our discovery of “SPIR” is biologically and 
therapeutically significant. Its “pro-proteolytic” nature activates 
autocrine growth factors/cytokines, thereby generating a “self-niche”, 
favoring cellular reprograming, with clinically translatable potential 
in the context of corneal/limbal disorders and retinal degenerative 
diseases. SPIR addresses the inherent bottlenecks (complicated 
protocols, genetic manipulations, time, etc.) associated with current 
reprograming methods.

SPIR culturing

CLT
Commercial Relationships: Maryada Sharma, None; 
Rajendra Kumar, None; Jagat Ram, None;  
Manni Luthra-Guptasarma, None

Program Number: 1427 Poster Board Number: B0077
Presentation Time: 8:30 AM–10:15 AM
Corneal nerve fibre changes and altered tear cytokine profile in 
migraine patients with photophobia
Rashmi Deshmukh1, Rohit Shetty1, Priyanka Chevour2, 
Abdul Rawoof3, Swaminathan Sethu2, Arkasubhra Ghosh2. 1Cornea 
and Refractive surgeries, Narayana Nethralaya, Bangalore, India; 
2GROW Laboratories, Bangalore, India; 3Neuro-ophthalmology, 
Narayana nethralaya, Bangalore, India.
Purpose: The current study investigates changes in corneal nerves 
morphology and tear cytokine profile in migraine patients with ocular 
symptoms such as photophobia.
Methods: Thirty-six eyes of 18 subjects with migraine and 
photophobia (Group 1), 24 eyes of 12 subjects with migraine 
without photophobia (Group 2) and 10 eyes of 10 controls (Group 
3) were analyzed in this study. Tear samples were collected in 
Schirmer’s strips after informed patient consent and prior approval 
of the Institutional Ethics Committee. The sub-basal nerve plexus 
from central cornea was assessed by confocal imaging (Heidelberg 
Engineering GmbH) using a 400x400microns2 frame. Quantitative 
analyses of nerve fibers were performed using Automatic CCMetrics 
software, Ver.1.0. Nerve parameters analyzed were corneal nerve 
fibre density (CNFD), corneal nerve fibre length (CNFL), corneal 
nerve branch density (CNBD), corneal total branch density (CTBD), 
corneal nerve fibre width (CNFW) and corneal nerve fibre area 
(CNFA). Tear proteins were extracted from the Schirmer’s strips and 
cytokine analysis by cytometric bead array was performed in a subset 
of the study subjects.
Results: Significant reduction in CNFL (14.76±0.67 mm2), 
CNBD (30.19±2.66 mm2), CTBD (43.37±3.65 mm2) and CNFA 
(0.005±0.0003 mm2) were found in group 1 as compared to group 
2 (CNFL – 18.13±0.69 mm2; CNBD – 43.48±3.66 mm2; CTBD 
– 63.38±4.82 mm2; and CNFA – 0.007±0.0003 mm2). Similar 
observations were made with reference to corneal nerve features and 
tear cytokine between group 1 and group 3 (CNFL – 17.26±0.92 
mm2; CNBD – 43.87±4.31 mm2; CTBD – 59.24±6.43 mm2; and 
CNFA – 0.006±0.0005 mm2) subjects. Higher levels of tear cytokines 
were observed in group 1 (IL-1α – 104±29; IL-17F – 207±23; IL-8 
– 810±205; CXCL10 – 108586±18300; VEGF – 2739±383 pg/ml) 
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subjects compared to group 2 (IL-1α – 76±58; IL-17F – 133±14; 
IL-8 – 566±156; CXCL10 – 18281±11822; VEGF – 1193±529 pg/
ml) and group 3 (IL-1α – 33±10; IL-17F – 55±37; IL-8 – 359±152; 
CXCL10 – 18179±3891; VEGF – 1307±276 pg/ml).
Conclusions: Distinct corneal nerve fibre features and increased tear 
cytokine profile was observed in migraine patients with photophobia, 
indicating their potential association with ocular symptoms in 
migraine patients.
Commercial Relationships: Rashmi Deshmukh, None; 
Rohit Shetty, None; Priyanka Chevour, None; Abdul Rawoof, 
None; Swaminathan Sethu, None; Arkasubhra Ghosh, None
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Estimating tear osmolarity from the activity of the corneal nerves 
during corneal dryness (tear evaporation) in rats
Valentina Dallacasagrande1, Kamila Mizerska1, Harumitsu Hirata1, 
Mark Rosenblatt2. 1Department of Ophthalmology, Weill Cornell 
Medical College, New York, NY; 2Department of Ophthalmology and 
Visual Sciences, University of Illinois-Chicago, Chicago, IL.
Purpose: Tear hyperosmolarity is thought to play a critical role in the 
initiation and/or perpetuation of dry eye disease (DED). Therefore, 
a variety of techniques has been used previously to estimate tear 
osmolarity in normal and dry eye patients, which resulted in a 
wide range of osmolarity values. However, no study has addressed 
this issue through the “eyes” of the corneal nerves. We previously 
reported that a population of corneal nerves reliably monitors the 
level of osmolarity around their nerve terminals in epithelia. Thus, 
we used their activity in an attempt to estimate tear osmolarity during 
2-min corneal dryness.
Methods: In isoflurane-anesthetized rats, we recorded extracellularly 
from single trigeminal ganglion neurons innervating the cornea. A 
population of the corneal nerves that responded preferentially to 
hyperosmolar solutions (as opposed to cooling) applied to the ocular 
surface were selectively searched and studied. To determine the 
extent to which these corneal neurons’ responses to drying of the 
cornea were induced via the activation by hyperosmolar stimuli, we 
assessed the responses to ocular instillation of 1) 500 mOsm/L, 2) 
600 mOsm/L, and 3) a graded series of hyperosmolar stimuli ranging 
from 350-1000 mOsm/L.
Results: The maximum magnitudes of the responses during 2-min 
corneal dryness were matched almost exactly to those induced by 
the ocular instillation of the 600 mOsm/L stimuli but not by the 500 
mOsm/L solutions. The response magnitudes to a graded series of 
hyperosmolar solutions were nearly linear from the 350 to the 600 
mOsm/L stimuli, but reached a plateau or declined slightly thereafter.
Conclusions: Our results demonstrated that tear osmolarity in rats 
could reach 600-1000 mOsm/L during corneal dryness, consistent 
with values previously calculated of tears’ osmolarity during tear 
break-up or thinning. Furthermore, we predict that a spontaneous eye 
blink could be generated at a tear osmolarity of ~400 mOsm/L if the 
blink is solely determined by hyperosmolar tears; however, ocular 
surface cooling can become a major factor also if hyperosmolar tears 
occurring during evaporation lower the threshold of activation of the 
neurons.
Commercial Relationships: Valentina Dallacasagrande, 
None; Kamila Mizerska, None; Harumitsu Hirata, None; 
Mark Rosenblatt, None
Support: NIH Grants EY023555 (HH), EY018594 (MIR), and 
the Research to Prevent Blindness Grants to Department of 
Ophthalmology, Weill Cornell Medical College.
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Dissecting the functional role of supporting cells in the human 
limbal niche
Ursula Schlotzer-Schrehardt, Naresh Polisetti, Friedrich E. Kruse. 
Department of Ophthalmology, University of Erlangen-Nürnberg, 
Erlangen, Germany.
Purpose: Limbal epithelial stem/progenitor cells (LEPC) and 
supporting cell populations have been shown to form structural units 
in the human limbal stem cell niche. Here, we explored the role of 
supporting niche cells for LEPC function governing corneal epithelial 
homeostasis.
Methods: Pure cultures of LEPC and associated niche cells, i.e., 
melanocytes and mesenchymal stromal cells, were established by 
stepwise purification protocols after their isolation from LEPC 
clusters by collagenase digestion. Cell cultures were characterized 
by flow cytometry and immunocytochemistry and used as feeder 
layers in direct and indirect LEPC coculture experiments with 
embryonic 3T3 fibroblasts and epidermal melanocytes as controls. 
Cultured cells were analyzed by light and electron microscopy, 
immunocytochemistry, qPCR and Western blotting. Colony forming 
efficiency, cell migration, proliferation, and apoptosis of LEPC were 
analyzed by appropriate assays.
Results: Cultivated limbal melanocytes expressed Melan-A, MITF, 
TYRP1, HMB45 and c-kit, whereas mesenchymal stromal cells 
expressed CD90, CD73, CD105, CD44, nestin and Sox2. LEPC 
cocultivated with both niche cell populations showed similar 
colony forming efficiency but increased colony growth compared to 
cocultivation with 3T3 fibroblasts. Whereas melanocytes infiltrated 
the LEPC clones to enwrap stem/progenitor cells with cytoplasmic 
processes, stromal cells stayed at the clone periphery. Both niche cell 
populations suppressed expression of differentiation markers (K3, 
K12, involucrin) and upregulated expression of progenitor markers 
(K15, N-Cadherin, ABCG2) in LEPC, both in direct and indirect 
cocultures. Their effect on K3 suppression was obviously mediated 
by downregulation of transcription factors Sp1 and Pax6, and was 
significantly enhanced over that of 3T3 fibroblasts. Furthermore, 
cocultivation with melanocytes protected LEPC from UV-induced 
apoptosis and supported LEPC migration and proliferation in 
2D-culture and an organ culture wound healing model. Skin 
melanocytes used as controls failed to show similar effects as limbal 
melanocytes on LEPC phenotype and function.
Conclusions: These findings support the concept of supporting 
cells governing LEPC homeostasis in the limbal niche. Based on 
their unique properties, limbal melanocytes might be utilized to 
maintain stem cell phenotype and function during cultivation and 
transplantation for treatment of limbal stem cell disease.
Commercial Relationships: Ursula Schlotzer-Schrehardt, None; 
Naresh Polisetti, None; Friedrich E. Kruse, None
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Fibroblasts Induce MMP9 in Corneal Keratinocytes Through a 
Galectin-3-Dependent Mechanism
Jerome Mauris, Pablo Argueso. ophthalmology, Harvard Medical 
School/Massachusetts Eye and Ear, Boston, MA.
Purpose: Disruption of anatomical barriers and direct intercellular 
contacts between stromal and epithelial cells during corneal 
wound healing can lead to dysregulated induction of matrix 
metalloproteinases (MMPs) and melting. The goal of this study was 
to determine whether fibroblasts induce corneal keratinocytes to 
express MMP9 via galectin-3, a multimeric lectin with pleiotropic 
biological functions.
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Methods: Primary human corneal fibroblasts and immortalized 
human corneal keratinocytes cells were maintained in DMEM 
medium supplemented with 10% serum and keratinocyte serum-
free medium, respectively. MMP9 expression and secretion were 
determined by qPCR and gel zymography, respectively. Galectin-3 
expression was abrogated using siRNA and protein levels were 
monitored by western blot analysis. Plasma membrane protein 
extracts were purified from fibroblasts by centrifugation. Inhibition of 
N-linked glycosylation was achieved using tunicamycin.
Results: As shown by qPCR and gel zymography, coculture of 
fibroblasts with keratinocytes induced the expression and secretion 
of MMP9 compared to keratinocytes alone. The secretion of MMP9 
in coculture was down-regulated approximately 5-fold following 
galectin-3 silencing in corneal keratinocytes. Addition of plasma 
membrane extracts isolated from fibroblasts to cultures of corneal 
keratinocytes was sufficient to promote proteolytic activity. In these 
experiments, use of plasma membrane extracts from fibroblasts 
treated with tunicamycin failed to stimulate secretion of MMP9, 
suggesting that N-linked surface glycoproteins mediate the 
stimulatory effect in corneal fibroblasts.
Conclusions: Our results indicate that endogenous galectin-3 
in corneal keratinocytes and N-glycosylated surface proteins in 
fibroblasts regulate MMP9 secretion during stromal-epithelial 
interactions. Inhibition of galectin-3 may have therapeutic potential 
in reducing the complications associated with corneal melting.
Commercial Relationships: Jerome Mauris, None; Pablo Argueso, 
None
Support: NIH/NEI R01EY024031
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Concepts for automated fast focal plane control in subbasal nerve 
plexus mosaicking to reliably quantify a biomarker for diabetic 
peripheral neuropathy
Sebastian Bohn1, Stephan Allgeier2, Andreas Bartschat2, 
Rudolf F. Guthoff1, Bernd Köhler2, Ralf Mikut2, Klaus-
Martin Reichert2, Karsten Sperlich1, Heinrich Stolz3, Oliver Stachs1. 
1Department of Ophthalmology, University of Rostock, Rostock, 
Germany; 2Institute for Applied Computer Science, Karlsruhe 
Institute of Technology, Karlsruhe, Germany; 3Institute of Physics, 
University of Rostock, Rostock, Germany.
Purpose: Mosaicking images of the subbasal nerve plexus (SNP) 
using in vivo confocal laser scanning microscopy (CLSM) and 
guided eye movements provides a suitable imaging technique for 
reliable analysis of the SNP as a promising noninvasive marker for 
diabetic peripheral neuropathy [1]. Eye movements, depth as well as 
angular offsets and compression artifacts during data collection cause 
the SNP to shift out of the focal plane and decrease the mosaicking 
quality. Thus an automated refocusing onto the SNP is necessary to 
enable high-quality large-area SNP image acquisition.
Methods: The original Heidelberg Retina Tomograph II (HRTII) 
in conjunction with the Rostock Cornea Module (RCM) allows 
manual positioning of the cornea relative to the focal plane by 
moving a single-use contact cap (TomoCap). The movement of the 
TomoCap results in compression artifacts during image acquisition. 
Our approach uses a modified RCM in combination with software 
routines for real time image acquisition. We developed a new optical 
design using a piezo actuator which moves a lens inside the modified 
RCM to control the focal plane without moving the TomoCap. 
During the imaging process we oscillate the focal plane around 
the SNP between the basal epithelium and the anterior stroma and 
use a cornea tissue classification (CTC) algorithm. This algorithm 
distinguishes different tissues and thus delivers the optimal center 

position for the piezo oscillation around the SNP. Classified images 
can be used for mosaicking [2].
Results: Results with the new developed piezo-based RCM have 
shown that fast and defined focal plane shifts are possible while 
simultaneously minimizing corneal applanation. Investigation 
has shown that in principle the optimized CTC is fast enough for 
real time usage [2]. Preliminary results also suggest that CTC 
can significantly increase the quality of SNP mosaics through the 
exclusion of foreign tissue images.
Conclusions: The new piezo based RCM enables almost real time 
focal plane shifts, required for closed-loop focal plane control. The 
presented concept is promising for large scale SNP mosaicking. This 
will mark a huge, necessary step towards reliable SNP quantification, 
an auspicious biomarker for diabetic peripheral neuropathy.
[1] Allgeier et al. Invest Opthalmol Vis Sci. 2014
[2] Bartschat et al. KIT Scientific Publishing 2016
Commercial Relationships: Sebastian Bohn, None; 
Stephan Allgeier, None; Andreas Bartschat, None; 
Rudolf F. Guthoff, None; Bernd Köhler, None; Ralf Mikut, 
None; Klaus-Martin Reichert, None; Karsten Sperlich, None; 
Heinrich Stolz, None; Oliver Stachs, None
Support: The work was supported in parts by the DFG (German 
Research Foundation) [grant numbers KO 5003/1, STA 543/6-1 and 
MI 1315/5-1] and the Helmholtz Association.
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Transcriptome profiling of microRNA by deep sequencing reveals 
differential microRNA expression in type 1 and type 2 diabetic 
corneal limbus
Mehrnoosh Saghizadeh1, 2, Mangesh Kulkarni1, 
Aleksandra Leszczynska1, Jie Tang3, Vasu Punj4, 
Alexander V. Ljubimov1, 2, Vince Funari3. 1Biomedical Sciences, 
Regenerative Medicine Institute, Cedars-Sinai Medical Center, Los 
Angeles, CA; 2David Geffen School of Medicine, University of 
California Los Angeles, Los Angeles, CA; 3Genomic Core, Cedars-
Sinai Medical Center, Los Angeles, CA; 4Norris Comprehensive 
Cancer Center Bioinformatics Core and Division of Hematology, 
University of Southern California, Los Angeles, CA.
Purpose: With a global prevalence of around 8.5%, diabetes mellitus 
is one of the most common chronic diseases. A growing evidence 
of tissue-specific regulatory functions of miRNAs and their role 
as biomarkers has prompted several studies to evaluate miRNA 
expression associated with diabetes mellitus. Our purpose was 
determining miRNA signatures of corneal limbus harboring epithelial 
stem cells in type 1 (T1D) vs. type 2 (T2D) diabetes.
Methods: Age-matched human autopsy normal and diabetic corneas 
were received from the National Disease Research Interchange in 
Optisol medium (Chiron Vision) within 24 hours of donor death. Ten 
normal and 12 diabetic (5 T1D, 5 T2D and 2 unknown classification) 
corneas were used for miRNA expression profiling using deep 
sequencing. miRNA sequencing libraries were prepared from both 
central and limbal corneal parts with Illumina TruSeq™ Small RNA 
Library Prep kit per the manufacturer’s protocol and sequenced on 
the Illumina GAIIx, 1x36 bp sequencing chemistry. Differential 
expression in two groups was calculated using one-way ANOVA or 
t-test. A FDR controlled p value was computed using Benjamini and 
Hochberg procedure for multiple hypothesis testing. To further rank 
differentially expressed miRNAs, the data were shifted to log2 values 
and fold change was calculated.
Results: Principal component analysis and hierarchical clustering 
showed that the miRNA expression profiles of T1D and T2D 
groups were differentially clustered and separated from each other. 
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Seven miRNAs were upregulated whereas eleven miRNAs were 
downregulated (1.4-fold cutoff; adjusted p < 0.05) in T1D vs. T2D 
limbus. Both diabetic groups, T1D and T2D, also showed distinct 
differential expression patterns of limbus vs. central cornea. Further, 
comparison of normal and T1D or T2D diabetes revealed that normal 
samples shared less differentially expressed limbus vs. central 
miRNAs with T2D than with T1D samples (4 vs. 18 miRNAs).
Conclusions: The present study showed that miRNA signatures of 
corneal limbus are distinctly different in T1D vs. T2D. Functional 

correlation studies and modulation of specific differentially expressed 
miRNAs may pave the way to new molecular therapeutic strategies.
Commercial Relationships: Mehrnoosh Saghizadeh, None; 
Mangesh Kulkarni, None; Aleksandra Leszczynska, None; 
Jie Tang, None; Vasu Punj, None; Alexander V. Ljubimov, None; 
Vince Funari, None
Support: NIH Grant R01EY025377


