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Activation of proteasome by inhibiting autophagy in corneal 
epithelia cells with limbal stem cell deficiency
Fawzia Bardag-Gorce, Andrew Makalinao, Richard Hoft, 
Amanda Laporte, Jeremy Stark, Imara Meepe, Joan Oliva, 
Yutaka Niihara. Hematology, LA BioMed at Harbor UCLA Medical 
Center, Torrance, CA.
Purpose: Autophagy and the ubiquitin proteasome pathway (UPP) 
are the two most important pathways of cellular protein degradation. 
It is well established that when UPP is defective, autophagy is 
stimulated to compensate for UPP failure. Our previous study 
on rabbit corneal epithelial cells with limbal stem cell deficiency 
(LSCD) has shown that autophagy was activated when UPP 
function is defective. However, damaged and unwanted proteins, 
especially keratin K4 and K13 aggregates, still accumulate, possibly 
contributing to corneal epithelial cell (CEC) dysfunction. The goal of 
the present study was to modulate autophagy and UPP activity with a 
focus on damaged keratin clearance.
Methods: In experiment A, rabbits with surgically-induced LSCD 
were used to quantify the elements of both pathways in corneal 
epithelial cells. In experiment B, a mechanistic study was performed 
using rabbit oral mucosa epithelial cells (OMECS) because, similar 
to conjunctival epithelial cells, they are rich in keratin K4 and 
K13. OMECS were isolated, cultured and treated with proteasome 
inhibitor, and with chloroquine to inhibit autophagy.
Results: Experiment A: Morphologic analysis of corneal tissue 
sections showed that both pathways stained positive in normal 
corneal epithelium. Western blot analysis showed that while 
constitutive proteasome beta subunits (B1, B2 and B5) were 
decreased, autophagy biomarker such as ATG5 and MAPLC3B were 
significantly increased in LSCD-CEC. However, despite autophagy 
up regulation, modified keratins K4 and K13 still deposited and 
accumulated in LSCD-CEC without clearance. Experiment B: The 
mechanistic study of proteasome inhibition in OMECS, also showed 
a significant increase in autophagy biomarkers (ATG12, ATG5 and 
MAPLC3) confirming our observation that when UPP is defective, 
autophagy is stimulated. In addition when autophagy was inhibited 
by treating OMECS with chloroquine, the results showed not only 
an increase in proteasome chymotrypsin-like activity but also a 
significant decrease in unmodified K4 and K13 levels with no keratin 
high molecular weight deposition.
Conclusions: These results indicated that inhibition of autophagy 
was efficient in activating the proteasome pathway, which may 
stimulate protein degradation to improve the health and function of 
CEC, and alleviate the symptoms of LSCD. Supported by Emmaus 
Life Sciences.
Commercial Relationships: Fawzia Bardag-Gorce, None; 
Andrew Makalinao, None; Richard Hoft, None; Amanda Laporte, 
None; Jeremy Stark, None; Imara Meepe, None; Joan Oliva, 
None; Yutaka Niihara, Emmaus Life Sciences (F)
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Keratolimbal allograft and Boston keratoprosthesis in 
management of aniridic keratopathy
Omar Hassan, Ali R. Djalilian, Maria S. Cortina. Department of 
Ophthalmology, University of Illinois, Chicago, IL.
Purpose: The Boston keratoprosthesis (KPro) has been utilized in 
the management of aniridic keratopathy with promising results, but 
studies comparing outcomes with traditional keratolimbal allograft 
(KLAL) are limited. We performed a retrospective comparative 
case series of patients with aniridia receiving surgical treatment for 
aniridic keratopathy at a tertiary care academic center.
Methods: 28 eyes with an average age of 44 were analyzed over 
a mean follow up time of 5.8 years. Patients were divided into 
3 groups: KLAL (10 eyes), KLAL followed by KPro (13 eyes), 
and KPro as the primary procedure (5 eyes). KLAL patients were 
maintained on systemic immunosuppression. Primary outcome 
measure was visual acuity at last follow up. The number and type of 
operations were noted. Finally, details of glaucoma management and 
complications in both groups were noted.
Results: Average follow up was 69 months (range 4-118) with a 
starting BCVA of hand motion to 20/100. BCVA at final follow up 
ranged from NLP to 20/50. These were similar between the three 
groups. 71% of the eyes showed improvement of BCVA. 90% 
of those treated with KLAL before KPro showed improvement, 
70% of KLAL only eyes improved, and 33% of KPro only eyes 
improved. The BCVA in the course of follow up for all patients 
ranged from 20/40 to 20/400. Complications included development 
of retroprosthetic membranes, need for glaucoma shunt surgery, and 
penetrating keratoplasties. Patients had an average increase of 1.1 
agents to manage their glaucoma. 21% of the eyes required glaucoma 
shunt surgery. Of note, one patient in the KPro only group was 
noncompliant with follow up and resulted in loss of vision in the eye.
Conclusions: The majority of eyes in our study maintained vision 
within at least three lines of the presenting BCVA. Our study shows 
that adequate outcomes can be achieved with KLAL as a primary 
intervention in earlier stages of aniridic keratopathy. Failure of the 
graft can be treated equally with repeat KLAL or secondary KPro 
with good visual outcomes. Our study also highlights the importance 
of glaucoma management in these patients. The number of patients in 
the Kpro only group is too small to perform an adequate comparison 
and larger studies are needed to determine the best indication for each 
treatment modality in patients with aniridia.
Commercial Relationships: Omar Hassan, None; Ali R. Djalilian, 
None; Maria S. Cortina, None
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Proteomic analysis of secreted factors produced by human limbal 
epithelial cell cultures during in-vitro growth and expansion
Enrique Salero1, 2, Maitee Urbieta1, 2, Alfonso L. Sabater1, 2,  
Maria del Carmen Piqueras1, Sanjoy K. Bhattacharya1, 
Victor L. Perez1, 2. 1Ophthalmology, Bascom Palmer Eye Institute, 
Miami, FL; 2Interdisciplinary Stem Cell Institute, Miami, FL.
Purpose: In-vitro growth and expansion of human limbal epithelium 
using various culture modalities has been extensively reported in the 
literature. However, little is known about the secreted factors released 
by these cells during their growth and expansion in culture or the 
impact of such factors on cell limbal epithelial cell differentiation 
and function. We hypothesize that, in-vitro cultured limbal epithelial 
cells may produce secreted factors involved in regulation of 
their phenotype and function irrespective of the use exogenous 
supplements
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Methods: Limbal epithelial tissue of cadaveric origin was obtained 
from the Florida Lions Eye Bank, processed, and digested overnight 
in collagenase at 37°C. Cell cultures were started at a density of 
1x105 cells/mL/well using stem cell media supplemented with 2% 
BSA. Culture supernatant was collected at days 7, 15, 20, and 27 of 
culture and a proteomic profile was generated by mass spectroscopy. 
Data was analyzed using functional protein association network 
software (STRING) and a protein classification system based on 
protein analysis through evolutionary relationships (PANTHER)
Results: We found that in-vitro cultured limbal epithelial cells 
release a plethora of factors within the first 27 days of growth/
expansion. Overlap of secreted factors is observed across all time 
points analyzed; however, day 7 cultures appeared to be the most 
metabolically active, secreting over 300 gene products involved 
in dozens of biological processes including; extracellular matrix 
organization and disassembly, cell activation and adhesion, and 
wound healing among others. Data analysis suggests that at this level 
of enrichment proteins are at least partially biologically connected as 
a group
Conclusions: In-vitro cultured limbal epithelial cells release a 
multitude of biologically relevant factors into their culture medium. 
These factors may be produced as part of their normal physiology 
or as a response to stress. Negative or positive regulation exerted by 
these factors, such as changes in concentration and availability to 
cells, may determine the fate, phenotype and function(s) of these cells 
after culture in-vitro. Addition or removal of secreted factors may 
enable manipulation of cultured cell phenotype for potential use in 
the clinic, particularly in restoring ocular surface defects
Commercial Relationships: Enrique Salero; Maitee Urbieta, 
None; Alfonso L. Sabater, None; Maria del Carmen Piqueras, 
None; Sanjoy K. Bhattacharya, None; Victor L. Perez, Parion 
Sciences (C), Genentech (C), EyeGate Pharma (C), Eleven 
Biotherapeutics (C), Allergan, Inc (C), Baush & Lomb (C), Rigel (C)
Support: NIH/NEI NIH: R01EY024484, NIH/Core: P30EY014801, 
Department of Defense: W81XWH-13-1-0048
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Impact of Melanocytes on the Proliferation and Differentiation of 
Limbal Epithelial Stem Cells
Yan Chen1, JianJiang Xu1, Wei Li2. 1EENT Hospital of Fudan 
University, Shanghai, China; 2Eye Institute of Xiamen University, 
Xiamen, China.
Purpose: Melanocyte is a potential niche component for limbal 
epithelial stem cells (LESCs). The aim of this research is to 
investigate its role in modulating proliferation and differentiation of 
LESCs.
Methods: Human corneal limbal sections and conjunctival sections 
were stained with Melan-A to identify the distribution of melanocytes 
in human ocular surface. Human limbal epithelial cells were clone-
cultured and melanocytes were purified from human epidermal 
cells. The resulting co-cultures were examined for the ability of 
melanocytes to support the growth of limbal epithelial cells in 
colony-forming capacity, maintenance of limbal epithelial stem/
progenitor cell markers, and gene expression levels of factors that 
correlated to proliferation and differentiation and stratified epithelial 
cell sheet formation.
Results: Melan-A was expressed in the basal layer of limbal 
epithelium and conjunctival epithelium, neighbouring p63+ epithelial 
cells. The staining of the limbal epithelial cells co-cultured with 
melanocyte showed a higher intensity of the limbal stem cell marker 
ΔNp63 than that in the control group. Moreover, real-time PCR 
analysis revealed that compared with the common expression of EGF 

etc., the limbal epithelial cells showed a higher expression level of 
PCNA, K12 and a higher expression level of β-catenin and hes1. 
The limbal epithelial cell sheets with melanocytes stratified well, 
resembling the in vivo constructs of cornea and limbus.
Conclusions: Melanocytes had the ability to support the proliferation 
and differention of limbal epithelial cells, suggesting their roles in 
maintaining the ocular surface. And this effect may partially through 
activation of Wnt and Notch signaling pathway.

Melan-A was expressed in the basal layer of limbal epithelium and 
conjunctival epithelium, neighbouring p63+ epithelial cells.
Commercial Relationships: Yan Chen, None; JianJiang Xu, None; 
Wei Li, None
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Sox9 is required for corneal epithelial cell proliferation
Mark Rosenblatt1, Michael Sun1, Victor H. Guaiquil1, Aihong Liu2, 
Elaine Fuchs3, Rachel Sartaj1. 1Department of Ophthalmology 
and Visual Sciences, University of Illinois at Chicago/Illinois Eye 
and Ear Infirmary, Chicago, IL; 2Department of Ophthalmology, 
Weill Cornell Medical College, New York, NY; 3Robin Chemers 
Neustein Laboratory of Mammalian Cell Biology and Development, 
Rockefeller University, New York, NY.
Purpose: To identify the location and function of Sox9 in the cornea 
and understand the role of Sox9 in corneal stem cell maintenance and 
proliferation.
Methods: Antibodies against Sox9 (nuclear) and GFP (cytoplasmic) 
were used to immunostain adult corneal sections from Sox9eGFP 
transgenic mice, and the localization determined by wide field and 
confocal microscopy. Corneal epithelial cells were isolated from 
Sox9eGFP mice, separated into Sox9eGFP+ and Sox9eGFP- cells 
using FACS and then the RNA extracted for comparative RNA Seq 
of Sox9+ and Sox9- corneal cells. Candidate genes from the RNA Seq 
data was selected to immunostain on sections of corneal tissue from 
WT mice 1. To obtain novel genes that co-express with limbal and 
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basal Sox9eGFP+ cells genes and 2. Identify pathways in which Sox9 
is acting in the cornea. Antibodies tested were Amrcx2, Gantl14, 
Pamr1, Lrp2, Lgr5 and Col6a4. Lastly, to determine cell proliferative 
capacity of Sox9 in corneal cells, in vitro scratch assays were 
performed on WT murine corneal epithelial cells and stained using 
antibodies against Sox9 during wound healing.
Results: In the mouse cornea, Sox9 and GFP proteins are restricted 
to the basal layer of the corneal epithelium. Sox9eGFP+ cells yielded 
between 0.5-1% of the entire corneal cell population. RNA Seq 
analysis produced approximately 7773 differential genes. Candidate 
genes significantly up-regulated in Sox9eGFP+ cells Amrcx2, Gantl14 
and Lgr5, Pamr1, Lrp2 and down-regulated in Sox9eGFP- cells 
Col6a4 were tested on WT corneal sections to obtain novel corneal 
markers of limbal basal cells. Lastly, in cultured corneal cells, Sox9 
was expressed in 80% of cells. After 18hrs of wounding, prior to 
closure, Sox9 was identified in cells along the wounded edge where 
cells were dividing, closing the wound, yet also included cells where 
scratches were not apparent.
Conclusions: Sox9 marks limbal basal corneal epithelial stem and 
progenitor cells in the central cornea. Given its localization to basal 
corneal epithelial layers and gene expression data obtained from 
our RNA Seq analysis comparing Sox9eGFP+ and Sox9eGFP- cells, 
this gene was investigated as a potential gene involved as a switch 
in proliferation. Our data, suggests that Sox9, a cell proliferation 
marker may be involved in mediating corneal epithelial stemness and 
maintaining correct corneal architecture.
Commercial Relationships: Mark Rosenblatt, None; Michael Sun, 
None; Victor H. Guaiquil, None; Aihong Liu, None; Elaine Fuchs, 
None; Rachel Sartaj, None
Support: Unrestricted Grant from Research to Prevent Blindness, 
National Eye Institute Grants R21EY025062 and P30EY001792
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Characterization of tet-On Abcb5 (P2A-rtTA) Driver Mice by 
CRISPR/Cas9-mediated Knock-in Strategy
Jianhua Zhang3, Cheng Li3, Fei Dong3, Yujin Zhang1, Chia-Yang Liu1, 
Yueh-Chiang Hu2, Yinhuai Chen2, Winston W. Kao3. 1School of 
Ophthalmology, Indiana University, Bloomington, IN; 2Division 
of Developmental Biology, Cincinnati Children’s, Cincinnati, OH; 
3Department of Ophthalmology, College of Medicine University of 
Cincinnati, Cincinnati, OH.
Purpose: To create and characterize an Abcb5-P2A-rtTA (Abcb5R) 
knock-in mouse line that can modify gene functions in ocular surface 
epithelium and adnexa, e.g., conjunctiva, cornea & Meibomian gland
Methods: Abcb5R was created by knocking-in a construct 
containing a P2A-rtTA transgene preceding the stop codon Abcb5 
mRNA by CRSPR/Cas9. Thus, rtTA is produced, when Abcb5 is 
expressed in stem/progenitor cells of stratified epithelium and its 
adnexa, e.g., conjunctiva, limbus/cornea and Meibomian glands 
during doxycycline (Dox) induction. The knock-in mice are 
mated with reporter mice e.g., tet-O-histone2-EGFP (TH2), tet-
O-Cre(TC)/ROSA26mTmG(mTmG) reporter mice to create double 
Abcb5R/TH2 and quadruple Abcb5R/TC/TH2/mTmG mice. The 
expression of nuclear green fluorescent Histone-EGFP fusion 
protein and plasma membrane mG is induced by dox induction at 
different developmental and postnatal ages and chase the EGFP: label 
from E0-P0, P0-P21 and P21-P42 then chase for various periods 
of time from 0~8 weeks) by the cessation of Dox induction. The 
expression pattern of EGFP proteins was examined by fluorescence 
stereomicroscope and fluorescence microscopy
Results: The nuclear green fluorescence labels cells that express 
Abcb5 during Dox induction, when Dox is withdrawn, the nuclear 

green fluorescence gradually diminishes and disappears when cells 
continue to divide. In contrast, the non-dividing cells will remain 
nuclear fluorescence positive. Thus, one identifies the slow cycling 
(or label retaining) cells, a characteristic of stem/progenitor cells. 
Interestingly, when cells that are labeled by mG, they and their 
progeny will remain mG+ regardless of expression of Absb5 and 
Dox induction. Thereby, the fate of stem/progenitor cells can be 
traced. At the end of Dox induction, nuclear positive cells are found 
in conjunctival, limbal, peripheral cornea and Meibomian gland. At 
the cessation of Dox induction, the number of nuclear EGFP+ cells 
quickly diminished in cornea faster than conjunctiva and limbus. 
The number of mG positive cells are seen in conjunctiva, limbus and 
cornea epithelium. Cessation of Dox induction only slightly decrease 
in mG+ cells
Conclusions: The expression of rtTA reporter faithfully recapitulates 
the expression pattern of Abcb5 in ocular surface epithelium, e.g., 
conjunctiva, Corneal, Meibomian glands, etc.
Commercial Relationships: Jianhua Zhang, None; Cheng Li, 
None; Fei Dong, None; Yujin Zhang, None; Chia-Yang Liu, None; 
Yueh-Chiang Hu, None; Yinhuai Chen, None; Winston W. Kao, 
None
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Sex differences in the corneal disease in Notch1 conditional 
knockout mice
Xiang Shen, Ilham Putra, Neda Afsharkhamseh, Anas Kachlan, 
Medi Eslani, Ali R. Djalilian. Ophthalmology and Visual Sciences, 
University of Illinois at Chicago, Chicago, IL.
Purpose: We have previously reported on the corneal epithelial 
barrier defect and subsequent development of corneal keratinization 
in Notch-1 conditional knockout mice (Notch-1 K14-Cre-ERT). We 
sought to determine if there was a differences in the presentation of 
the corneal phenotype based on the sex.
Methods: 10 Male and 10 female conditional knockout mice were 
treated with 5 consecutive days of intraperitoneal injection of 
tamoxifen (1mg/20g body weight). We observed each group for the 
development of cornea epithelial keratinization at 3 and 5 weeks 
after treatment with tamoxifen. The corneas were also examined 
histologically and the percentage of corneal keratinization was 
calculated.
Results: Three weeks after tamoxifen treatment, we observed 
keratinization in 60% of the male mice (6 out of 10) while female 
group only had 30% keratization (3 out of 10). By 5 weeks after 
tamoxifen treatment, still 60% of the male mice had corneal 
keratinization but only 40% of the female mice had developed this 
phenotype. Cryosections demonstrated the degree of keratinization in 
male mice to be more severe than in the females.
Conclusions: Male conditional Notch1 knockout mice developed 
corneal epithelial disease earlier and more frequently than female 
mice. This highlights the importance of sex as a biological variable 
in this phenotype. There are several potential explanations; one might 
be sex differences in Cre recombinase activity, another might be the 
tendency for male mice to be more violent and have more trauma to 
their corneas.
Commercial Relationships: Xiang Shen, None; Ilham Putra, 
None; Neda Afsharkhamseh, None; Anas Kachlan, None; 
Medi Eslani, None; Ali R. Djalilian, None
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Support: Clinical Scientist Development Program Award 
K12EY021475 (ME), R01 EY024349-01A1 (ARD) and Core grant 
EY01792 from NEI/NIH; MR130543 (ARD) from DoD, Vision for 
Tomorrow (ARD), unrestricted grant to the department from RPB; 
and Eversight (providing both seed funding and human corneal 
research tissue).
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Different Regions of Amniotic Membrane Denuded with EDTA 
or Thermolysin Equally Support the in vitro Expansion of Limbal 
Stem/progenitor Cells
Hua Mei, Luxia Chen, Elfren Baclagon, Sophie X. Deng. 
Ophthalmology, Jules Stein Eye Institute, UCLA, Los Angeles, CA.
Purpose: This study was to investigate the capability of the amniotic 
membrane (AM) denuded with thermolysin on supporting the 
proliferation and stem-cell properties of limbal stem/progenitor cells 
(LSCs) propagated in vitro compared to the AM denuded with the 
standard non-enzymatic protocol using EDTA. In addition, whether 
different regions of AM equally support the growth of LSCs was 
studied.
Methods: AMs were divided into distal, middle, and proximal 
regions according to their relative distances to the umbilical cord. 
Each region of AM from the same donor was divided into two 
denudation groups: EDTA and thermolysin. The integrity of basement 
membrane was examined by immunohistochemistry for collagen 
IV, laminin V, and integrin α6, and scanning electron microscopy 
(SEM). Human limbal explant pieces were cultured on different 
regions of EDTA- or thermolysin- denuded AMs for around 14 
days. Cell doubling and stem-cell properties of the expanded LSCs 
including small cells, expressions of putative stem cell markers 
(p63α, cytokeratin(K) 14, vimentin), expression of epithelial marker 
(pancytokeratin), and expression of maturation marker (K12) were 
compared between different regions of the two AM denudation 
groups.
Results: AMs denuded with thermolysin retained comparable levels 
of collagen IV, laminin V, and Integrin α6 in the basement membrane 
compared to those denuded with EDTA. The comparable integrity 
of basement membrane between the two denudation groups was 
further confirmed by SEM. No apparent compositional difference 
was observed among different regions of AMs. AMs denuded with 
thermolysin showed a comparable level of cell doubling and similar 
percentages of small cells, p63α-bright cells, K14+, vimentin+, and 
pancytokeratin+ cells to AM denuded with EDTA. Proximal AMs 
denuded with thermolysin generated a slightly higher percentage 
of K12+ cells, However, middle and distal AMs supported similar 
levels of K12+ cells between the two denudation groups. Proximal, 
middle and distal regions of AMs supported the growth and stem-cell 
properties of LSCs at a comparable level.
Conclusions: AMs denuded with thermolysin supported the in vitro 
expansion of LSCs at a similar potency compared to AMs denuded 
with EDTA. Different regions of AMs showed no difference on 
supporting the growth of LSCs.
Commercial Relationships: Hua Mei, None; Luxia Chen, None; 
Elfren Baclagon, None; Sophie X. Deng, None
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FIH-1 regulates ΔNp63α: a novel insight on the control of 
proliferation
Han Peng, Nihal Kaplan, Jong Kook Park, Ying Dong, 
Wending Yang, Robert M. Lavker. Dermatology, Northwestern 
University, Chicago, IL.

Purpose: ΔNp63α functions to promote proliferation in stem and 
early transient amplifying cells. Whereas much is known about the 
genes regulated by ΔNp63α in cornea/limbal keratinocytes, how 
ΔNp63α is regulated is less clear. We have shown that in limbal 
epithelium from mice null for the hydroxylase, FIH-1, ΔNp63α 
is attenuated, indicative that FIH-1 might play a role in ΔNp63α 
regulation.
Methods: Genetic approaches to alter FIH-1 expression in vitro and 
in vivo, in conjunction with immunostaining and immunoblotting 
were used. BrdU labeling and ki67 immunostaining were conducted 
to assess proliferative status. To investigate the downstream 
pathway(s) involved in FIH-1-induced ΔNp63α expression, gene 
expression profiling was combined with bioinformatic analysis. To 
determine the interaction of FIH-1 with its substrates, the BioID 
assay was performed. To confirm the downstream target pathway(s) 
modulated by FIH-1, we conducted rescue experiments using 
pharmacological and genetic approaches.
Results: Microarray combined with bioinformatic analysis suggested 
that FIH-1 regulated ΔNp63α signaling. In support of this idea, loss 
of FIH-1 decreased ΔNp63α expression during limbal epithelial 
development. Such a decrease in ΔNp63α expression is accompanied 
by decreased proliferation and increased differentiation. Knockdown 
of FIH-1 attenuated ΔNp63α expression in vitro. Overexpression of 
FIH-1 increased ΔNp63α levels, which can be reversed by inhibiting 
hydroxylase activity, suggestive that hydroxylation is the means by 
which FIH-1 regulates ΔNp63α. Bioinformatic analysis of microarray 
data indicated that overexpression of FIH-1 attenuates GADD45, 
which is a negative regulator of ΔNp63. Rescue experiments 
demonstrated that the decrease of ΔNp63α in keratinocytes lacking 
FIH-1 was reversed by knocking down GADD45α. Interestingly, 
ASPP2, which is a substrate of FIH-1, has also been shown to 
regulate ΔNp63α via NF-kappaB signaling. The BioID assay 
revealed that ASPP2 specifically interacted with FIH-1 in limbal 
keratinocytes. Knockdown of ASPP2 upregulated ΔNp63α and 
reversed the decrease of ΔNp63α by FIH-1 depletion, which may be 
via negatively regulating NF-kappaB signaling.
Conclusions: Our findings indicate that FIH-1 can positively regulate 
ΔNp63α via two distinct signaling pathways and helps to explain 
mechanistically the association of FIH-1 overexpression with a more 
proliferative phenotype.
Commercial Relationships: Han Peng, None; Nihal Kaplan, None; 
Jong Kook Park, None; Ying Dong, None; Wending Yang, None; 
Robert M. Lavker, None
Support: National Institutes of Health Grants EY06769, EY017539 
and EY019463 (to R.M.L.); a Dermatology Foundation research 
grant and Career Development Award (to H.P); and a MidWest Eye 
Bank research grant (H.P)
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Comparative analysis of Epi-Bowman Keratectomy using 
epikeratome versus manual scraping for corneal epithelium 
debridement in photorefractive keratectomy
kanchan R. sainani1, Pooja Khamar1, Priyanka Chevour2, 
Nimisha R. Kumar2, Rashmi Deshmukh1. 1Cornea and Refractive 
services, Narayana Nethralaya, Mumbai, India; 2GROW LAB, 
Narayana Nethralaya, Bangalore, India.
Purpose: Corneal Epithelium debridement is a prerequisite for 
many corneal and refractive procedures. But there is no standard 
method established yet. We compared the efficacy of Epi-Bowman 
Keratectomy (EBK) via epikeratome (Epi-ClearTM) versus corneal 
epithelium debridement using mechanical scraper in photorefractive 
keratectomy (PRK). The levels of induced inflammation by analysis 
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of tear cytokine and differences in integrity of Bowman’s layer post 
surgery were compared.
Methods: After approval from Narayana Nethralaya Ethics 
committee, 30 subjects undergoing PRK were enrolled. One eye of 
each patient underwent EBK and the other eye underwent mechanical 
scraping. Intra-operative spectral domain optical coherence 
tomography (SD OCT) was done to evaluate integrity of Bowman’s 
membrane following epithelial removal. Time taken for epithelial 
removal and healing, post-operative pain score as per Wong-Baker’s 
pain scale and epithelial profile using the Optovue during the healing 
was analyzed. The pre operative, 1 and 3 months post operative tear 
samples were collected in Schirmer’s strips for cytokine analysis. 
Whole human donor globes were subjected to scanning electron 
microscopy (SEM) after the epithelium was debrided on one half of 
cornea using Epi-Clear and other half using mechanical scraper.
Results: Intra-operative SD OCT showed a smooth Bowman’s 
membrane in the EBK group compared to the mechanical scrapping 
group. SEM images demonstrate distinct corneal profile debrided 
by two different methods. Post-operative pain was significantly 
less (p <0.01) with faster epithelial healing (p<0.001) in the EBK 
group. Epithelial profiling showed more edematous epithelium in 
mechanical scraper group than EBK group. Long term analysis 
of healing using tear protein profiling demonstrates a trend of 
reduced inflammatory cytokines in the Epi-Clear group. Further, the 
mechanical blade group showed more changes in aberrations and 
densitometry at 1 and 3 months.
Conclusions: Use of Epi-Clear is a safe and effective method of 
corneal epithelial debridement with lesser damage to Bowman’s 
membrane, early healing, lesser inflammation and post-operative 
pain. Mechanical scraper caused more roughness and irregularities 
as observed by SEM of the Bowman’s layer in human donor cornea 
compared to Epi-Clear.
Commercial Relationships: kanchan R. sainani; Pooja Khamar, 
None; Priyanka Chevour, None; Nimisha R. Kumar, None; 
Rashmi Deshmukh, None
Support: ORCA surgicals, Narayana Nethralaya Foundation
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Evaluating Biocompatibility of artificial corneal substitutes in an 
ex vivo corneal reepithelialization model
Xiaokun Wang1, Shoumyo Majumdar2, Jeeyeon Sohn3, James Qin3, 
Jennifer Elisseeff1, 3. 1School of Medcine, Johns Hopkins University, 
Baltimore, MD; 2Material Science and Engineering, Johns Hopkins 
University, Baltimore, MD; 3Department of Biomedical Engineering, 
Johns Hopkins University, Baltimore, MD.
Purpose: Artificial cornea substitutes that allow rapid epithelial 
cell migration reduce the risk of rejection, corneal melting and 
scarring. In this study, we developed an ex vivo corneal tissue culture 
model to better represent the in vivo reepithelialization process, and 
the biocompatibility of different collagen-based artificial corneal 
substitutes were evaluated in this model.
Methods: Different types of collagen-based corneal substitutes were 
fabricated by crosslinking type I collagen by EDC-NHS (Col-CXL); 
gelling collagen solution in ammonia vapor followed by vitrification 
(AMC). Negative control was a collagen based formulation that 
was previously proved to support epithelial cell growth in vitro, but 
rejected in animal study. Rabbit corneal explants were wounded 
with 6 mm biopsy punch, and different corneal substitutes were 
placed under the wounded corneas to allow cell migration. The 
reepithelialization was observed with fluorescein staining, and the 
epithelial multilayer and tight junction formation was characterized 
by histology and immunohistochemistry.

Results: This ex vivo model allowed epithelial cell migration 
on different types of corneal substitutes. Fluorescein staining 
presented epithelial cell migration started in the first 24 hours, and 
full reepithelialization completed on CXL-Col and AMC in 48 
hours, while the negative control showed no significant progress. 
Hematoxylin and eosin (H&E) staining presented multilayer 
formation (Fig. 1) on the Col-CXL and AMC corneal substitutes. The 
migrated corneal epithelial cells of the ex vivo model were sensitive 
to different substrates, as evidenced by the formation of tight junction 
and the expression of epithelial cell specific markers.
Conclusions: Conclusions: The ex vivo corneal tissue culture model 
demonstrated the similarity of the wound healing process in vivo. The 
material sensitivity of this biological model allows a better evaluation 
of biocompatibility of corneal substitutes. Moreover, the use of our 
ex vivo model will enable further evaluations of mechanisms of 
reepithelialization and wound healing process before animal testing.

Fig. 1, Histology pictures presented multilayer formation of epithelial 
cells on AMC material, and the Immunohistochemistry staining 
demonstrated the cells express epithelial cell marker K14 and tight 
junction formation ZO-1.
Commercial Relationships: Xiaokun Wang, None; 
Shoumyo Majumdar, None; Jeeyeon Sohn, None; James Qin, 
None; Jennifer Elisseeff, None
Support: JWMRP(W81XWH-15-C-006)/Rearch to Prevent 
Blindness/Henry Jackson Foundation (Subaward 783536)
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Taking the Recurrence out of Recurrent Corneal Erosions:  
A Case Series
Scott G. Hauswirth1, Milton M. Hom2. 1Minnesota Eye Consultants 
PA, Blaine, MN; 2Private Practice, Azusa, CA.
Purpose: Purpose: Recurrent corneal erosion (RCE) is a corneal 
entity common to clinical practice. Review of the literature states that 
few comparative studies exist between different treatment methods, 
with success rates varying from 20-98%. When the erosion occurs 
months or years following the initial injury, the recurrent nature of 
the condition may not be clear. Thus, development of an algorithm 
for treating potential RCE cases is warranted.
Methods: Methods: Retrospective review of 53 cases of RCE seen 
by single provider at a single site. Patients were included only if they 
followed a standardized post-procedure protocol utilizing the same 
post-procedure antibiotic and hyperosmotic solutions, and had a 
minimum of 6 months follow-up. Recurrence rate over the six month 
follow up period was the primary outcome measure. Recurrence 
was defined as an episode of pain in the affected eye or visible 
epithelial slough in the treated eye. Patients were grouped according 
to treatment type: bandage contact lens (BCL) alone, epithelial 
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debridement with bandage contact lens (ED+BCL), and epithelial 
debridement with cryopreserved amniotic membrane (ED+CAM).
Results: Results: Mean ages of the groups were as follows: BCL 
57.8 years (range 41-68years), ED+BCL 45.3 years (range 31-72 
years), ED+CAM 58.6 years (range 39-83 years). Recurrence rates 
of the following treatments were noted: BCL group had 4/6 (67.6%) 
recur, with recurrence rate of 0.1111. ED+BCL had 3/6 (50%) 
recur, with recurrence rate of 0.0833. ED+CAM had 1/7 (14.2%) 
recurrence, with recurrence rate of 0.0238. Weighing these statistics, 
the following algorithm was developed: first occurrence/presentation 
(questionable RCE component): lubrication, hyperosmotics, and 
BCL. Second occurrence (high suspicion of RCE): discussion and 
possible utilization of ED+CAM. Third occurrence/confirmation of 
RCE: perform ED+CAM.
Conclusions: Conclusions: Given the varying clinical presentation in 
severity of ABMD and potential for RCE recurrence, we feel the risk-
to-benefit to patients utilizing this algorithm is beneficial to patients, 
and utilizes a best practices approach for treatment of a difficult 
clinical condition. It may be utilized as a guideline for clinicians 
wishing to employ a more standardized methodology in treating this 
condition.
Commercial Relationships: Scott G. Hauswirth, BioTissue (C), 
TearScience (C), Bausch+Lomb (C), Sun (C), Shire (C), Allergan 
(C); Milton M. Hom, Bausch+Lomb (C), Shire (C), Allergan (C)
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Dynamics of Fluorescent Imaging in Glob-Driven Breakup
Lan Zhong1, Richard J. Braun1, Peter E. King-Smith2, 
Carolyn G. Begley3. 1Department of Mathematical Sciences, 
University of Delaware, Newark, DE; 2College of Optometry, The 
Ohio State University, Columbus, OH; 3School of Optometry, Indiana 
University, Bloomington, IN.
Purpose: A previous mathematical model (ARVO 2016 abstract, 
L. Zhong et al, IOVS 57(12):6171) has successfully simulated the 
immediate breakup due to glob (thicker lipid) in the lipid layer. It 
captured a fast spreading of polar lipid and a corresponding strong 
tangential flow in aqueous layer. We now extend the model by adding 
equations for conservation of solutes, for osmolarity and fluorescein, 
in order to study their dynamics. We then compare our computed 
results for the resulting intensity distribution with fluorescence 
experiments on the tear film.
Methods: We extended our previous mathematical model by 
adding two equations that govern the dynamics of osmolarity and 
fluorescein. The model also includes an osmotic flow across corneal/
aqueous interface. The coupled equations are solved by a custom 
MATLAB program where we vary the evaporation distributions, glob 
sizes (xI) and initial concentrations of fluorescein (f0).
Results: We computed results of tear film thickness (h), polar lipid 
concentration (G), osmolarity (c) and fluorescein concentration (f). 
The fluorescent intensity (I) is evaluated via Nichols et al (IOVS, 
2012, 53:5426). Under all evaporation distributions we used, if TBU 
occurs in a second or less, the concentration of solutes remained 
unchanged. If TBU occurs in a longer time, the effect of evaporation 
becomes more significant (Figure 1). The concentration of both 
solutes increases and the peak c is lower than for f due to its faster 
diffusion. Figure 2 shows that the intensity I approximated the 
thickness of the tear film well only when TBU occurred immediately 
and f0 is small (dilute case).
Conclusions: In this type of rapid thinning, we found that the 
fluorescent intensity can approximate the tear film thickness well 
when the initial f is small and TBU occurred in 1s. Evaporation 
accelerates TBU but can’t increase the concentration of solutes when 

the TBUT is short. The osmotic flow across the corneal surface 
occurs in the model but it is too weak to stop the rapid thinning 
caused by glob.

Figure 1: Left: TBU occurs in 1.25s when XI is 0.3 (dimensionless). 
Here c and f are unchanged. Right: XI is 1.2, and TBUT is 5.12s; 
evaporation is elevated within the glob width and we find increased c 
and f in TBU region.

Figure2: The upper left plot is the only case where either I or √I 
closely approximates the thickness; there I is determined by h 
because f is constant in that case and the glob is small.



ARVO 2017 Annual Meeting Abstracts

These abstracts are licensed under a Creative Commons Attribution-NonCommercial-No Derivatives 4.0 International License. Go to http://iovs.arvojournals.org/ to 
access the versions of record.

Commercial Relationships: Lan Zhong; Richard J. Braun, None; 
Peter E. King-Smith, None; Carolyn G. Begley, None
Support: NSF 1412085 (R.J. Braun) and NIH 1R01EY021794  
(C.G. Begley)
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Reevaluation of the epithelial permeability to fluorescein by the 
multi-drop method
ARUSHI GOYAL1, Deepti Talele1, Prema Padmanabhan1, 
RR Sudhir1, Sanjay Mahadik1, Pavani Murthy1, Uday B. Kompella2, 
Sudhir Ranganath4, Sangly P. Srinivas3. 1Sankara Nethralaya, 
Chennai, India; 2Pharmaceutical Sciences, University of Colorado, 
Denver, CO; 3Optometry, Indiana University, Bloomington, IN; 
4Chemical Eng, SIT, Tumkur, India.
Purpose: Previously we had proposed a novel multi-drop method 
for measurement of epithelial permeability to fluorescein (Pdc). 
The method, developed for a spot fluorometer (non-scanning), had 
revealed a much higher Pdc than previously reported. Therefore, we 
have examined the method with more subjects to reevaluate the key 
variabilities of the protocol.
Methods: One drop of 0.35% fluorescein (2 µL; probe drop) is 
instilled on the conjunctiva, and subsequent clearance from the tears 
is measured using the fluorometer. Subsequently, two drops of 2% 
fluorescein (6 µL; loading drops) are administered 15 min apart. 
Fifteen minutes after the second loading drop, the ocular surface 
is washed with saline and stromal fluorescence (Fs) is measured. 
Assuming negligible loss of fluorescein into the anterior chamber 
from the stroma, we estimate permeability by Pdc = (Q×Fs)/
(2×AUC), where Q is the stromal thickness and AUC is the area 
under the fluorescence vs. time curve for the loading drops. AUC 
is obtained by scaling exponential decay of the tear fluorescence 
following the probe drop. Q is measured by OCT. Experiments have 
been performed in a cohort of human subjects with no known factors 
affecting the health of their corneal epithelium.
Results: After administration of the probe drop, fluorescein clearance 
in tears followed a single exponential decay. Repeat measurements 
of the rate of fluorescein clearance and fluorescence at time t = 0 
did not show significant variability. At 15 minutes after the probe 
drop, fluorescence in the stroma was close to baseline measurements. 
However, after the two loading drops, measured fluorescence in the 
stroma (i.e., Fs) was significantly greater than the baseline. Corneal 
staining of the epithelium was also not noticed. In the cohort of 
21 subjects (36 eyes), the mean value of Pdc was 1.81 + 1.30 nm/
sec. The results of a Monte Carlo simulation, assuming a normal 
distribution of measured parameters, also confirmed the robustness of 
our estimated value of Pdc.
Conclusions: Estimated Pdc by the multi-drop method is at least 
~30x times greater than values reported based on the conventional 
single-drop method. This new estimate of Pdc, however, is consistent 
with the permeability of a wide variety of solutes reported for the 
corneal epithelium in humans and animal models.
Commercial Relationships: ARUSHI GOYAL; Deepti Talele, 
None; Prema Padmanabhan, None; RR Sudhir, 
None; Sanjay Mahadik, None; Pavani Murthy, None; 
Uday B. Kompella, None; Sudhir Ranganath, None; 
Sangly P. Srinivas, None
Support: Obama-Singh Initiative Award (PI-SP)
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Optimized protocols for immunostaining of the epithelium of flat 
mounted whole human corneas
Zhiguo HE1, Chantal PERRACHE1, Fabien FOREST1, 2, 
Damien Guindolet1, 3, Eric Gabison3, Fabrice COGNASSE4, 
Florian BERGANDI5, Sophie ACQUART4, Philippe GAIN1, 
Gilles Thuret1, 6. 1BiiGC EA 2521, University Jean Monnet; Faculty 
of Medicine, Saint-etienne, France; 2Department of Pathology, 
University Hospital of Saint-Etienne, Saint Etienne, France; 
3Cornea and external Diseases, Ophthalmological Foundation of 
Rothschild, Paris, France; 4Eye Bank, Saint-Etienne, Auvergne-Loire 
French Blood Establishment, Saint Etienne, France; 5Department 
of Anatomy, Faculty of Medicine, Jean Monnet University, Saint 
Etienne, France; 6Institut Universitaire de France, Paris, France.
Purpose: Immunostaining on flat mounted human corneal epithelium 
presents numerous advantages over classical immunohistochemistry 
on cross sections. Nevertheless, there are no well-defined and 
reproducible protocols. Aim: to present a few reliable protocols to 
maximize the staining quality of through-thickness of the corneal 
epithelium.
Methods: Thirty human corneas stored in organ culture (OC) 
(CorneaMax, Eurobio), and 12 fresh corneas (body donation to 
Sciences) were used. The mean donor age was 72±6 years old. 
Corneas were divided in 6 to 8 pie-shaped pieces to increase the 
number of samples. The first test consisted in selecting among 15 
fixative and 5 antigen retrieval (AR) methods. Four ubiquitous 
proteins with different, well-characterized subcellular localization 
were chosen: ZO-1 (membrane), actin (cytoplasm), hnRNPL 
(nucleosol) and histone H3 (Chromatin). The best protocols were then 
tested with a large series of antibodies targeting proteins of potential 
interest: differentiation and stem cell markers (K3/K12, E-cadherin, 
ΔNp63, PAX6, ABCB5, N-cadherin…), nerves markers (tubulin 
βIII, NCAM, neurofilament, GFAP, Synaptophysin…), immune cells 
(CD3, CD4, CD8, CD14, CD20, CD45, CD56, CD68, Ps100…) and 
growth factor receptors (EGFR, FGFR, IGFR, NGFR, TGF-βRs…).
Results: 0.5% paraformaldehyde (PFA) and pure methanol were 
the most efficient fixatives (especially better than standard 4%PFA). 
0.5% SDS was the most efficient AR method. Using optimised 
protocols, we revealed not only the superficial cells (K3/K12, 
E-cadherin) but also basal cells (ΔNp63, PAX6) that were not 
restricted to the limbus, but distributed everywhere in the basal 
epithelium. Nerve fibers were clearly stained by tubulin βIII, 
NCAM and neurofilament with different distributions on epithelium 
and conjunctiva. Numerous leukocytes (CD45+) were detected at 
basal level of peripheral epithelium and few in the center. They 
were cytotoxic T cells (CD3+, CD8+), dendritic cells (Ps100+), 
macrophages (CD68+) and natural killer cells (CD56+). EGFR, IGFR 
and NGFR were mainly expressed on the membrane of the basal 
epithelial cells.
Conclusions: These optimized protocols for immunostaining of the 
epithelium of flat mounted whole human corneas may be a powerful 
tool for epithelial investigations by providing not only a precise 
localization of targeted cells in the whole epithelium and limbus, but 
also a clear subcellular localization of proteins.
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Commercial Relationships: Zhiguo HE; Chantal PERRACHE, 
None; Fabien FOREST, None; Damien Guindolet, 
None; Eric Gabison, None; Fabrice COGNASSE, None; 
Florian BERGANDI, None; Sophie ACQUART, None; 
Philippe GAIN, None; Gilles Thuret, None
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Neuron-epithelial cell fusion in the murine cornea revealed with 
serial block-face sem imaging
Samuel D. Hanlon1, 2, Justin A. Courson1, Thao T. Do1, 
Clifton W. Smith2, Alan R. Burns1, 2. 1Research, Univ of Houston 
College of Optometry, Houston, TX; 2CNRC, Baylor College of 
Medicine, Houston, TX.
Purpose: It is generally accepted that corneal stromal nerves 
penetrate the epithelial basal lamina giving rise to intra-epithelial 
nerves. However, we observed a sub-group of stromal nerves 
fusing with basal epithelial cells where the axoplasm merged with 
the epithelial cytoplasm, which to our knowledge was a novel 

observation. This study characterizes stromal nerve-epithelial cell 
fusion and how it differs from stromal nerve-epithelial penetration.
Methods: Corneas from C57BL/6 male mice aged 8-12 weeks were 
fixed and embedded in resin blocks for ultrastructural sectioning. 
Serial block-face images (100 nm sections) were acquired using a 
Gatan 3 View system mounted in a Tescan MIRA3 SEM. Z-stacks 
were obtained from the anterior stroma in the paralimbus/paracentral 
and central cornea. Amira 6.0 software was used to manually segment 
representative nerves and for 3-D image reconstruction.
Results: Within the central region of 5 corneas, we observed stromal 
nerves fused with basal epithelial cells without evidence of cell 
plasma membranes separating axoplasm from epithelial cytoplasm; 
i.e., neuron-epithelial cell fusion. These interactions did not result 
in nerve fibers extending into the epithelium. In several cases the 
epithelial cell protruded through the basal lamina, toward the stromal 
nerve fiber. We noted, predominantly outside the central cornea, 
stromal nerves penetrating the basal lamina with a characteristic 
double plasma membrane separating axoplasm from epithelial 
cytoplasm. In these cases, sub-basal nerve branches extended into 
the epithelium. Stromal nerves that fused with the epithelium were 
typically larger in diameter (2-4µm) than those (1-2 µm) penetrating 
the basal lamina and forming the sub-basal plexus.
Conclusions: Stromal nerve fusion with basal epithelial cells is a 
common occurrence in the central region of the mouse cornea. While 
cell fusion results in direct cytoplasmic contact between nerve and 
epithelium, it does not result in the formation of intra-epithelial nerve 
fibers. Stromal nerve fibers that penetrate the epithelial basal lamina, 
and do not fuse with epithelial cells, contribute to the formation of 
intra-epithelial nerve fibers. The larger diameter of the fusing nerves 
compared to the penetrating nerves suggests different types of nerve 
fibers are involved.
Commercial Relationships: Samuel D. Hanlon, None; 
Justin A. Courson, None; Thao T. Do, None; Clifton W. Smith, 
None; Alan R. Burns, None
Support: NIH/NEI EY18239, P0EY007551; USDA/ARS 6250-
51000-055
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The Fibronectin-Derived Peptide PHSRN Promotes Corneal 
Epithelial Wound Healing in Diabetic Rats
Naoyuki Morishige1, 2, Aiko Uemura2, Yukiko Morita2, Teruo Nishida1. 
1Division of Cornea and Ocular Surface, Ohshima Hospital of 
Ophthalmology, Fukuoka, Japan; 2Yamaguchi University, Ube, Japan.
Purpose: Topical application of the fibronectin-derived peptide 
PHSRN has previously been shown to facilitate corneal epithelial 
wound healing in healthy animals as well as in patients with 
persistent epithelial defects. We have now examined the effect of 
PHSRN eyedrops on the healing of corneal epithelial wounds in rats 
with streptozotocin-induced diabetes.
Methods: Four-week-old Wistar rats were injected intraperitoneally 
with streptozotocin (70 mg/kg, n = 12) or vehicle (n = 8). Four 
weeks after confirmation of the presence or absence of glycosuria, 
a 3-mm-diameter portion of the corneal epithelium of the right eye 
was excised. Eyedrops containing PHSRN (200 µM) or phosphate-
buffered saline (PBS) vehicle were administered to the injured eye of 
the diabetic or nondiabetic animals every 6 h. The epithelial defect 
as revealed by fluorescein staining was also photographed every 6 h. 
For evaluation of the effect of PHSRN at different doses, eyedrops 
containing 0, 2, 20, or 200 µM peptide were applied to the corneal 
defect of diabetic rats every 6 h and the defect was photographed 
at 0 and 18 h. The area of epithelial defects was determined from 
photographs with the use of Image J software.
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Results: The area of the epithelial defect did not differ significantly 
among the four experimental groups (diabetic or control rats treated 
with PHSRN or vehicle) at 12 h after wounding. At 18 h, however, 
the area of the defect in diabetic rats treated with PHSRN (0.50 ± 
0.34 mm2) was significantly (P < 0.05) smaller than that in diabetic 
rats treated with PBS (1.06 ± 0.42 mm2) and was similar to that in 
nondiabetic rats treated with PBS (0.60 ± 0.23 mm2). The decrease in 
size of the epithelial defect in diabetic rats treated with PHSRN was 
dependent on the dose of the peptide.
Conclusions: The administration of PHSRN eyedrops significantly 
facilitated the healing of corneal epithelial wounds in diabetic 
rats. Our data therefore suggest that PHSRN eyedrops warrant 
investigation as a promising treatment option for patients with 
diabetic keratopathy.
Commercial Relationships: Naoyuki Morishige; Aiko Uemura, 
None; Yukiko Morita, None; Teruo Nishida, US patent 8207119 (P)

Program Number: 2618 Poster Board Number: A0208
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Fragility of corneal epithelium induced by cornea-specific loss of 
plakoglobin in mice
Masahide Kokado1, Masayasu Miyajima2, Yuka Okada1, 
Osamu Yamanaka1, Chia-Yang Liu3, Winston W. Kao4, Weinian Shou5, 
Shizuya Saika1. 1Department of Ophthalmology, Wakayama 
Medical University, Wakayama, Japan; 2Laboratory Animal Center, 
Wakayama Medical University, Wakayama, Japan; 3School of 
Optometry, Indiana University, Bloomington, IN; 4Ophthalmology, 
University of Cincinnati, Cincinnati, OH; 5Herman B Wells Center 
for Pediatric Research, Department of Pediatrics, Indiana University 
School of Medicine, Indianapolis, IN.
Purpose: To examine the role of plakoglobin in maintaining the 
integrity of corneal epithelium, we analyzed the cornea epithelium-
specific plakoglobin (JUP) knockout mice and found keratin 14 was 
upregulated (Kokado et al, ARVO2016). Here we have tested whether 
the epithelial repair is impaired.
Methods: Cornea epithelium-specific conditional knockout (KO) 
mice were generated by breeding keratin12-Cre mice to JUP-floxed 
mice (Kokado et al, ARVO2016). Corneal epithelium of both normal 
control and KO mice were gently rubbed with a brush twice as 
previously reported (Kokado et al, IOVS 2013). Corneal tissues 
were collected and examined histologically under both light and 
transmission electron microscopies.
Results: We found that, while only the surface layer of the corneal 
epithelium was damaged by brush-rubbing in normal control mice, 
the subbasal and/or basal layers were evidently lost with the identical 
treatment in KO mice. However, the ultrastructure of the epithelial 
basement membrane did not appear to have any noticeable major 
abnormality in KO mice.
Conclusions: Our data further indicates that the corneal epithelium-
deficient in plakoglobin has an enhanced sensitivity to brush-rubbing 
treatment. This finding confirms that plakoglobin is essential to the 
maintenance of the corneal epithelial integrity.
Commercial Relationships: Masahide Kokado, None; 
Masayasu Miyajima, None; Yuka Okada, None; 
Osamu Yamanaka, None; Chia-Yang Liu, None; Winston W. Kao, 
None; Weinian Shou, None; Shizuya Saika, None
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KLF4 Promotes Corneal Epithelial Cell Fate by Suppressing 
Epithelial-Mesenchymal Transition
Anil Tiwari1, Chelsea L. Loughner1, Sudha Swamynathan1, 
Shivalingappa K. Swamynathan1, 2. 1Ophthalmology, University of 
Pittsburgh, Pittsburgh, PA; 2Cell biology and Fox Center for Vision 
Restoration, University of Pittsburgh, Pittsburgh, PA.
Purpose: Previously, we reported that corneal epithelial (CE)-
specific ablation of Klf4 results in disrupted CE integrity and barrier 
function. Here we test the hypothesis that KLF4 promotes CE cell 
fate by suppressing epithelial-mesenchymal transition (EMT).
Methods: CE-specific Klf4 ablation was achieved by feeding ternary 
transgenic Klf4LoxP/LoxP/ Krt12rtTA/rtTA/ Tet-O-Cre (Klf4Δ/ΔCE) mice with 
doxycycline-chow for 15 days. The wild type (WT; ternary transgenic 
littermates fed with normal chow) and Klf4Δ/ΔCE corneal histology was 
examined by hematoxylin and eosin-stained sections. The WT and 
Klf4Δ/ΔCE CE wound healing rate was compared by CE debridement 
using Algerbrush. The CE phenotype was evaluated in unwounded 
WT and Klf4Δ/ΔCE corneas and those subjected to CE debridement, 
by quantifying the expression of Krt12, Ki67, cyclin-D1, β-catenin, 
E-cadherin, survivin, and paxillin. TGF-β1 was used to induce EMT 
in human corneal limbal epithelial (HCLE) cells, following which 
KLF4 and EMT markers were quantified by QPCR, immunoblots and 
immunofluorescent staining.
Results: Klf4Δ/ΔCE corneas displayed thicker CE with 6-7 cell layers 
compared with 4-5 in the WT, abnormal stratification, 8.8-fold 
increased number of proliferative Ki67+ cells, up-regulation of 
survivin, β-catenin, cyclin-D1 and paxillin, and downregulation of 
E-cadherin and Krt12, consistent with loss of CE phenotype and 
EMT. Above features of EMT were exaggerated in Klf4Δ/ΔCE corneas 
subjected to epithelial debridement. Klf4Δ/ΔCE CE migrated faster, 
filling 93% of the debrided area within 16 hours of wounding, 
compared with 61% in the WT. HCLE cells undergoing TGF-β1-
induced EMT in vitro evidenced by decreased levels of DSG1, 
E-cadherin, and ZO-1 coupled with increased nuclear localization of 
β-catenin, also displayed significant down-regulation of KLF4 (70%), 
consistent with its role in suppressing EMT.
Conclusions: Increased proliferation, migration, repression of CE 
markers, and up-regulation of mesenchymal markers in Klf4Δ/ΔCE CE 
coupled with downregulation of KLF4 in HCLE cells undergoing 
TGF-β1-induced EMT reveal that KLF4 promotes CE cell fate by 
suppressing EMT.
Commercial Relationships: Anil Tiwari, None; 
Chelsea L. Loughner, None; Sudha Swamynathan, None; 
Shivalingappa K. Swamynathan, None
Support: R01EY026533 from NEI, NIH,P30 EY08098 Core grant 
from NEI, NIH,Unrestricted grants from ‘Research to Prevent 
Blindness’ and the ‘Eye and Ear Foundation of Pittsburgh’
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Growth factor immobilization in situ by copper-free click 
chemistry: in vitro binding, cytocompatibility, and cell 
proliferation studies
Gabriella Maria Fernandes Cunha, Hyun Jong Lee, Alisha Kumar, 
Alexander Kreymerman, Jeffrey L. Goldberg, David Myung. 
Ophthalmology, Stanford University, Palo Alto, CA.
Purpose: Corneal epithelial wound healing remains a major 
clinical challenge. Topically applied growth factors are limited in 
effect because of their local depletion via endocytosis of growth 
factor-receptor complexes and substantial volumetric losses into 
the lacrimal system. We hypothesized that growth factors bound to 
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stromal collagen through strain-promoted azide-alkyne cycloaddition 
(SPAAC), a form of copper-free click chemistry, would enhance the 
corneal epithelialization without impacting corneal cell viability.
Methods: The epithelial layer from freshly enucleated bovine 
eyes was scraped and the exposed stromal layer was treated with 
an aqueous solution of dibenzocyclooctyne (DBCO)-sulfo-N-
hydroxysuccinimide (NHS). The cornea was washed with phosphate 
buffer-saline (PBS) and then azide-conjugated, FITC-labeled 
epidermal growth factor (EGF-azide) was applied the alkyne-
functionalized corneal stroma to yield chemically bound EGF. The 
eyes were washed and the stromal surface was scraped for western 
blot analysis. In vitro cell proliferation was performed on polystyrene 
tissue culture plates. The plates were coated with collagen and 
treated with DBCO-sulfo-NHS followed EGF-azide. After washing, 
senescent primary corneal epithelial cells were seeded on the 
modified surfaces. Cell proliferation was followed for 5 days. The 
cytocompatibility of the click reaction was assessed by live/dead 
experiments 1 and 72 hours after direct exposure primary corneal 
keratocytes to DBCO-sulfo-NHS followed by EGF-azide.
Results: Western blot analysis confirmed chemical attachment of 
EGF to corneal stroma by click chemistry. EGF-bound collagen 
surfaces yielded greater corneal epithelial cell proliferation over 
5 days compared to surfaces without chemically bound EGF. Cell 
viability of corneal keratocytes was greater than 90% after direct 
application of the click chemistry reaction.
Conclusions: Our results were consistent with our hypothesis that 
binding of growth factors to collagen through copper-free click 
chemistry in situ is cytocompatible and can improve cell proliferation 
in vitro.
Commercial Relationships: Gabriella Maria Fernandes 
Cunha, None; Hyun Jong Lee, None; Alisha Kumar, None; 
Alexander Kreymerman, None; Jeffrey L. Goldberg, None; 
David Myung, None

Program Number: 2621 Poster Board Number: A0211
Presentation Time: 8:30 AM–10:15 AM
Biochemical Analysis of Potential c-Cbl Antagonists Identified 
through an in silico Screen
Brian P. Ceresa1, 3, John O. Trent2. 1Pharmacology and Toxicology, 
University of Louisville, Louisville, KY; 2James Brown Cancer 
Center, University of Louisville, Louisville, KY; 3Ophthalmology and 
Vision Sciences, University of Louisville, Louisville, KY.
Purpose: Activation of the Epidermal Growth Factor Receptor 
(EGFR) is critical in corneal epithelial regeneration and homeostasis. 
The clinical use of EGFR ligands (e.g. epidermal growth factor – 
EGF) are not reliable tools to restore and maintain the epithelial layer, 
likely due to high endogenous EGF levels and intrinsic mechanisms 
of receptor down-regulation. One mediator of EGFR down-regulation 
is the E3 ubiquitin ligase, c-Cbl. Ubiquitylation of the EGFR 
targets it for lysosomal degradation; using RNAi to attenuate c-Cbl 
expression enhanced the kinetics of corneal epithelial wound healing. 
We postulate that supplementing the relatively high, endogenous 
levels of EGF (~2-3 ng/ml) in human tears with a c-Cbl antagonist 
will prevent EGFR down-regulation and enhance receptor activity 
and promote homeostasis of the epithelial layer. In this study, we 
identify and test potential c-Cbl antagonist for binding and inhibitory 
activity.
Methods: Using published crystal structures of the EGFR and 
c-Cbl and their domains of interaction, 25,000,000 compounds were 
screened using an in silico assay. The top candidates were identified 
and tested for binding to recombinant c-Cbl using a Thermofluor® 
assay. EGFR ubiquitylation was measured by treating immortalized 
human corneal epithelial cells with EGF, immunoprecipitating 

the receptor, and immunoblotting for the presence of conjugated 
ubiquitin.
Results: Of the ranked compounds, 50 were tested for binding 
to recombinant c-Cbl. Four of these bound to c-Cbl as indicated 
by a shift in the Thermofluor® fluorescence profile. Of these four 
compounds, one resulted in a decrease in ligand-mediated EGFR 
ubiquitylation.
Conclusions: We have initiated our screen of potential c-Cbl 
antagonists and identified four compounds that directly bind c-Cbl. 
One compound prevents ligand-mediated EGFR ubiquitylation. 
Since liganded EGFRs that do not get ubiquitylated are diverted 
from the lysosome for degradation, EGFR signaling is sustained. 
This compound is a promising, first-generation c-Cbl antagonist 
that circumvents the limitations of exogenous ligands as a corneal 
epithelial wound healing therapy.
Commercial Relationships: Brian P. Ceresa, None; John O. Trent, 
None
Support: NIH Grant EY027032

Program Number: 2622 Poster Board Number: A0212
Presentation Time: 8:30 AM–10:15 AM
Insulin regulates de novo nuclear trafficking of IGF-1/insulin 
Hybrid-R and metabolism in human corneal epithelial cells
Rossella Titone, Meifang Zhu, Ginger Zhou, Danielle M. Robertson. 
Ophthalmology, UT Southwestern Medical Center, Dallas, TX.
Purpose: The corneal epithelium has been reported as an insulin 
insensitive tissue that does not require insulin for glucose uptake. In 
cultured corneal epithelial cells, insulin has been shown to stimulate 
proliferation and cell migration, although the precise mechanism(s) 
are not well defined. Our prior work has identified the presence of the 
IGF-1/insulin hybrid receptor (Hybrid-R) in corneal epithelial cells. 
The purpose of this study was to investigate the function of insulin in 
the regulation of Hybrid-R.
Methods: Primary cultured (HCEC) and telomerized human corneal 
epithelial cells (hTCEpi) were cultured in serum-free keratinocyte 
growth medium (KGM). Prior to stimulation with exogenous insulin, 
cells were starved in basal medium (KBM) for 24 hours. Western 
blotting and qPCR were used to determine the expression and 
subcellular localization of IGF-1R, INSR and Hybrid R. Secretion 
of IGFBP3, the principal IGF-1 binding protein, was assessed using 
ELISA. Cell cycle was analyzed using a Cellometer following 
propidium iodide staining. Metabolic activity was measured in real 
time using a Seahorse Metabolic Flux Analyzer.
Results: Nutrient starvation significantly upregulated IGF-1R and 
INSR, driving an increase in Hybrid-R. Accumulating levels of 
Hybrid-R were detected in the corneal epithelial cell nucleus, which 
was blocked by treatment with cyclohexamide. Nutrient starvation 
was associated with cell cycle arrest and a reduction in mitochondrial 
respiration. The already high level of glycolysis was unchanged. 
Addition of insulin decreased IGF-1R and INSR to normal levels, 
restored the cell cycle and mitochondrial function. Similar to hypoxic 
and hyperglycemic stress, IGFBP3 secretion was significantly 
increased in response to nutrient deprivation. Unexpectedly, secretion 
of IGFBP3 was controlled by IGF-1R.
Conclusions: Nutrient deprivation induces upregulation and de 
novo nuclear trafficking of Hybrid-R. This effect is mediated by 
insulin and is associated with metabolic changes at the level of the 
mitochondria. The upregulation of IGFBP3 in response to nutrient 
starvation suggests that IGFBP3 may function as a stress response 
protein in corneal epithelial cells through regulation by IGF-1R. 
Further studies to evaluate the function of IGFBP3 in the corneal 
epithelium are needed.
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Commercial Relationships: Rossella Titone, None; Meifang Zhu, 
None; Ginger Zhou, None; Danielle M. Robertson, None
Support: NIH/NEI grants EY024433 (DMR), EY024546 (DMR), 
core grant for vision research EY020799, and an unrestricted grant 
from Research to Prevent Blindness, New York, NY.

Program Number: 2623 Poster Board Number: A0213
Presentation Time: 8:30 AM–10:15 AM
Effects of travoprost on ZO-1 expression in corneal epithelial 
cells in vitro
Yukihisa Takada, Osamu Yamanaka, Yuka Okada, Takayoshi Sumioka, 
Shizuya Saika. Ophthalmology, Wakayama Medical University, 
Wakayama, Japan.
Purpose: To examine the effects of travoprost, an ingredient of 
prostaglandin-glaucoma eye drop, on ZO-1 expression in cultured 
corneal epithelial cells. We previously reported that travoprost 
upregulates expression of epidermal growth factor (EGF) and 
induced cell proliferation in cultured corneal epithelial cells and 
epithelium of an organ-cultured mouse cornea. Such effects of 
travoprost were cancelled by further addition of PD168393 (PD), an 
EGF receptor inhibitor (ARVO2016).
Methods: Human corneal epithelial cells (HCEC) were cultured 
for 24 hrs in the presence or absence of travoprost (0.04 g/l) and/
or PD (10 µM). Expression of ZO-1 was evaluated by using 
immunocytochemistry and western blotting. Mouse eyeball was 
organ-cultured for 48h in the presence or absence of travoprost and/
or PD. We examined expression of zo-1 in HCEC and in an organ-
cultured mouse eyes by using immunohistochemistry.
Results: Adding travoprost impaired cell-cell contact localization of 
ZO-1 and its protein expression in cultured cells. Further addition of 
PD canceled disturbance of normal localization of ZO-1, but did not 
reverse the suppression of its protein expression. In the organ-culture, 
adding travoprost reduced the expression level of ZO-1 in corneal 
epithelium and such suppression was reversed by further addition of 
PD.
Conclusions: Travoprost down-regulated ZO-1 cell-cell adhesion, 
and the effect of travoprost was canceled by further addition of PD in 
cultured corneal epithelial cells and epithelium of an organ-cultured 
mouse cornea. Upregulation of EGF by travoprost (ARVO 2016) 
could explain the mechanism of the current data of expression pattern 
modulation of ZO-1 with travoprost with or without PD. The findings 
might explain the additional mechanism of travoprost-related corneal 
epithelial disorders.
Commercial Relationships: Yukihisa Takada, None; 
Osamu Yamanaka, None; Yuka Okada, None; 
Takayoshi Sumioka, None; Shizuya Saika, None

Program Number: 2624 Poster Board Number: A0214
Presentation Time: 8:30 AM–10:15 AM
OVOL2 maintains a transcriptional program in human corneal 
epithelial cells
Koji Kitazawa3, 2, Takafusa Hikichi2, Takahiro Nakamura3, 
Chie Sotozono1, Shigeru Kinoshita3, Shinji Masui2. 1Ophthalmology, 
Kyoto Prefectural University of Medicine, Kyoto, Japan; 2Center for 
iPS cell Research & Application, Kyoto, Japan; 3Frontier Medical 
Science and Technology for Ophthalmology, Kyoto Prefectural 
University of Medicine, Kyoto, Japan.
Purpose: We previously reported that 6 transcription factors 
including ovo-like zinc finger 2 (OVOL2) were able to be directly 
induced corneal epithelial cells (CECs) from skin fibroblasts. (ARVO 
2015) The purpose of this present study was to clarify how OVOL2 
regulates the cell identity of human corneal epithelial cells (hCECs). 
We previously reported that 6 transcription factors including  

ovo-like zinc finger 2 (OVOL2) were able to be directly induce 
corneal epithelial cells (CECs) from skin fibroblasts. (ARVO 2015). 
The purpose of this present study was to clarify how OVOL2 
regulates the cell identity of human corneal epithelial cells (hCECs).
Methods: To perform a functional analysis of OVOL2, we examined 
the expression pattern of OVOL2 in the human corneal epithelium 
using an in vivo human cornea. Next, we examined the OVOL2 
function using siRNA targeted for OVOL2 in primary hCECs in 
regard to the gene expression changes and barrier function. Finally, 
ChiP-seq analysis for OVOL2 was performed in order to analyze 
global gene regulation.
Results: Immunohistochemistry examination of the corneal 
epithelium showed that OVOL2 was expressed throughout all 
layers. Morphologically, hCECs with siOVOL2 became elongated 
fibroblastic cells. Immunocytochemistry of hCECs with siOVOL2 
showed reduction of K12 and E-cadherin proteins. Moreover, 
OVOL2 knockdown significantly reduced barrier function of 
primary hCECs measured by transepithelial electrical resistance. 
Global expression analyses between hCECs and hCECs treated 
with siOVOL2 by microarray revealed that among the 42,545 genes 
analyzed, 805 genes were differentially expressed by more than 
1.5 fold, and 320 genes upregulated and 485 genes downregulated 
in hCECs with siOVOL2. Downregulated genes enriched Gene 
Ontology terms related to epithelial functions. ChIP-seq analysis 
using hCECs showed OVOL2 peaks on ZEB1 and ZEB2, which are 
mesenchymal-related genes.
Conclusions: The findings of this study show that OVOL2 maintains 
the transcriptional program of human corneal epithelium by 
suppressing epithelial-to-mesenchymal transition.

Commercial Relationships: Koji Kitazawa, None; 
Takafusa Hikichi, None; Takahiro Nakamura, None; 
Chie Sotozono, None; Shigeru Kinoshita, Otsuka Pharmaceutical 
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company (C), Senju Pharmaceutical company (P); Shinji Masui, 
None
Support: None

Program Number: 2625 Poster Board Number: A0215
Presentation Time: 8:30 AM–10:15 AM
Vitamin D Receptor Knockout Effects on Mouse Corneal 
Epithelial Cells
Mitchell A. Watsky, Xiaowen Lu, Zhong Chen. Cellular Biology and 
Anatomy, Augusta University, Augusta, GA.
Purpose: To investigate the effects on Vitamin D Receptor (VDR) 
knockout and 1,25- and 24,25-dihyroxyvitamin D3 (Vit D3) on 
cultured mouse corneal epithelial cell proliferation and on the Vit D 
activating enzyme CYP27B1 and inactivating enzyme CYP24A1. 
We also examined effects of vitamin D on mouse corneal epithelial 
intracellular calcium levels.
Methods: Cultured mouse corneal epithelial cell (MCEC) 
proliferation was measured by reduction of MTT, which corresponds 
to the living cell number and metabolic activity. Total RNA and 
protein were isolated from mouse corneas and cultured mouse 
primary corneal epithelial cells. Transcript levels of CYP24A1 and 
CYP27B1 were assessed by qPCR, and Western blotting was used 
to detect CYP24A1 and CYP27B1 protein levels. Corneal epithelial 
calcium levels were recorded in excised, ex vivo mouse corneas using 
the calcium-sensitive dye Cal-520® and multi-photon microscopy.
Results: 24,25-Vit D3 (50 nM) significantly increased proliferation in 
corneal epithelial cells cultured from both VDR wild type (WT) and 
knockout (KO) mouse corneas. 1,25-Vit D3 (10 nM) had no effect on 
VDR WT mouse corneal epithelial cell proliferation but significantly 
increased VDR KO epithelial cell proliferation. Examining whole 
cornea mRNA levels, CYP24A1 and CYP27B1 mRNA levels 
were significantly increased in VDR KO mouse corneas while 
protein expression of CYP24A1 and CYP27B1 was significantly 
decreased. CYP24A1 and CYP27B1 mRNA and protein levels were 
significantly increased in VDR WT and VDR KO mouse corneal 
epithelial cells cultured with 1,25-Vit D3 and 24,25-Vit D3. Neither 
1,25-Vit D3 nor 24,25-Vit D3 affected intracellular calcium levels in 
ex vivo mouse corneal epithelium, while the positive control ATP (5 
µmol) rapidly increased cytosolic calcium levels.
Conclusions: 1,25-Vit D3 stimulates VDR KO mouse corneal 
epithelial cell proliferation, and 24,25-Vit D3 stimulates VDR WT 
and VDR KO mouse corneal epithelial cell proliferation. VDR KO 
leads to reduced corneal CYP24A1 and CYP27B1 expression, while 
1,25-Vit D3 and 24,25-Vit D3 increase CYP24A1 and CYP27B1 
expression independent of VDR. It appears that VDR contributes to 
Vit D3 signaling in the corneal epithelium but a secondary signaling 
pathway is also involved. Corneal epithelial Vit D3 signaling 
does not appear to involve acute changes in intracellular calcium 
concentration.
Commercial Relationships: Mitchell A. Watsky, None; 
Xiaowen Lu, None; Zhong Chen, None
Support: NIH National Eye Institute Grant R01EY021747

Program Number: 2626 Poster Board Number: A0216
Presentation Time: 8:30 AM–10:15 AM
NF-kappa B pathway fine-tunes response to toll-like receptor 
stimulation in cornea epithelial cells
Aihua Hou1, Louis Tong1, 2. 1Singapore Eye Research Institute, 
Singapore Eye Research Institute, Singapore, Singapore; 2Singapore 
National Eye Center, Singapore, Singapore.
Purpose: Human ocular surface is frequently exposed to various 
antigens or stimulations, so it is essential to keeping a balance 
between uncontrolled infection and autoimmune-related inflammation 

by activation /repression of NF-κB pathway activity. The aim of this 
study is to establish an experimental system to study the regulation of 
NF-κB activation in the context of cornea epithelial cells.
Methods: Human corneal epithelial cells were treated by TLR2 
ligand with or without ikappa-B kinase (IκK) 1 and 2 inhibitors. 
NF-κB activity was evaluated by Secretory alkaline phosphatase 
reporter assay (SEAP). IκBa phosphorylation and p65/p50 
nuclear localization were examined through western blots and 
immunofluorescence staining respectively.
Results: NF-κB activity in human corneal epithelial cells treated 
with TLR2 ligand was higher than control cells and inhibited by 
IκK inhibitors. The phosphorylation level of IκB-α was increased 
overtime with treatment, although the total IκB-α protein level 
remaining constant. Nuclear localization of subunit p50 and p65 
was observed as early as 1.5 hours after addition of TLR2 ligand. 
The cytokine MCP-1 protein was detected in the culture media of 
cells stimulated by TLR2 ligand, and its levels were reduced in the 
presence of IκK inhibitors.
Conclusions: The classical NF-κB pathway can be activated by 
TLR2 in human corneal epithelial cells. This cell culture system may 
be used to evaluate TLR-related innate defences in ocular surface 
diseases such as bacterial keratitis.
Commercial Relationships: Aihua Hou, None; Louis Tong, None
Support: Singapore NMRC/CSA/045/2012

Program Number: 2627 Poster Board Number: A0217
Presentation Time: 8:30 AM–10:15 AM
The effect of rapamycin on autophagy in human corneal 
epithelial cells
Samaneh Ghasemi, Xiang Shen, Gaurav Agnihotri, Ilham Putra, 
Yasmin Rassouli, Medi Eslani, Ali R. Djalilian. Ophthalmology and 
Visual Sciences, University of Illinois at Chicago, Chicago, IL.
Purpose: Rapamycin has been shown to have anti-aging effects 
in cells and animals. We have previously reported that rapamycin 
prolongs the survival of corneal epithelial cells in culture and 
prevents their loss to replicative senescence. In this study, we 
investigated whether rapamycin, at similar doses, increases 
autophagy in human corneal epithelial cells.
Methods: Human primary corneal epithelial cells were cultured in 
serum-free media. The cells were treated with rapamycin or DMSO 
(control). The cell morphology and the expression of autophagy 
marker LC3 by immunostaining and Western blot were noted.
Results: Rapamycin treatment of corneal epithelial cells induced the 
formation of vacuoles (autophagosomes) which were visible by light 
microscopy. The vacuoles were found to express LC3. Rapamycin 
likewise increased the expression of LC3 by Western blot.
Conclusions: Rapamycin appears to increase autophagy in primary 
human corneal epithelial cells. This may in part explain the increased 
survival of corneal epithelial cells in culture.
Commercial Relationships: Samaneh Ghasemi, None; 
Xiang Shen, None; Gaurav Agnihotri, None; Ilham Putra, None; 
Yasmin Rassouli, None; Medi Eslani, None; Ali R. Djalilian, None
Support: Clinical Scientist Development Program Award 
K12EY021475 (ME), R01 EY024349-01A1 (ARD) and Core grant 
EY01792 from NEI/NIH; MR130543 (ARD) from DoD, Vision for 
Tomorrow (ARD), unrestricted grant to the department from RPB; 
and Eversight (providing both seed funding and human corneal 
research tissue).
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Program Number: 2628 Poster Board Number: A0218
Presentation Time: 8:30 AM–10:15 AM
Nucleic acid stimulation increases the membrane-associated 
mucin expression in immortalized corneal and conjunctival 
epithelium
Yuriko Ban1, 2, Saho Morita3, Chie Sotozono2, Shigeru Kinoshita4. 
1Nantan General Hospital, Nantan, Japan; 2Ophthalmology, Kyoto 
Prefectural University of Medicine, Kyoto, Japan; 3Faculty of Life 
and Medical Sciences, Doshisha University, Kyotanabe, Japan; 
4Frontier Medical Science and Technology for Ophthalmology, Kyoto 
Prefectural University of Medicine, Kyoto, Japan.
Purpose: To investigate the response to nucleic acid stimulation in 
the membrane-associated mucin expression in immortalized corneal 
and conjunctival epithelium.
Methods: Immortalized human corneal epithelial cells (HCLE) and 
human conjunctival epithelial cells (HCjE) were cultured on 12-mm 
Transwell filters (n=12) at a density of 4x105 cells/cm2. The cultured 
cells were then stimulated with 25µg/ml of polyinosinic:polycytidylic 
acid [Poly(I:C)], an analog of viral double-stranded RNA produced 
during viral replication. Transepithelial electrical resistance (TER) 
was then measured using EndOhm electrodes (World Precision 
Instruments). After 6, 12, and 24 hours of exposure to Poly(I:C), the 
expressions of membrane-associated mucins (MUC1, MUC4, and 
MUC16) were analyzed by Western blotting. Immunoreactive bands 
were visualized by chemiluminescence, and densitometry analysis 
was then performed.
Results: Poly(I:C) challenge increased the TER in a time-dependent 
manner. After 6 hours and 12 hours of Poly(I:C) exposure, no change 
was observed in all 3 membrane-associated mucins. After 24 hours, 
membrane-associated mucins were increased.
Conclusions: The findings of this study show that Poly(I:C) 
challenge, which mimics a viral infection, increased the barrier 
function of ocular surface epithelia by increasing the membrane-
associated mucin expression. Thus, we theorize that the increased 
barrier function must be a kind of host defense reaction to viral 
infection.
Commercial Relationships: Yuriko Ban; Saho Morita, None; 
Chie Sotozono, None; Shigeru Kinoshita, None

Program Number: 2629 Poster Board Number: A0219
Presentation Time: 8:30 AM–10:15 AM
Expression of K+ Channels by Human Corneal Limbal Epithelial 
Cells
John L. Ubels1, Mark P. Schotanus1, Peter M. Boersma1, 2, 
Loren D. Haarsma2. 1Department of Biology, Calvin College, Grand 
Rapids, MI; 2Department of Physics, Calvin College, Grand Rapids, 
MI.
Purpose: We have previously reported that UVB-induced K+ currents 
in human corneal limbal epithelial (HCLE) cells are partially blocked 
(50-60%) by the Kv3.4 blocker, BDS-1, and completely blocked 
by Ba2+ (Singleton et al. Exp Eye Res. 89:140, 2009; Glupker et al. 
Ocular Surf. 14:401, 2016). This suggests that HCLE cells express K+ 
channels in addition to Kv3.4. The goal of this study was to identify 
K+ channels in HCLE cells and determine whether these channels are 
activated by UVB.
Methods: HCLE cells were screened for K+ channel expression 
using a Human Neuronal Ion Channels RT2 Profiler PCR Array 
(Qiagen). Expression of channels for which the CT was < 33 on the 
PCR arrays was confirmed by immunofluorescence microscopy using 
appropriate antibodies. Activation of K+ currents was measured by 
whole-cell patch-clamp recording after exposure of cells to 80 mJ/
cm2 UVB. Specific blockers (if available) for channels detected by 

immunofluorescence were used to determine whether these channels 
were activated by UVB.
Results: PCR gave evidence for expression of the genes for Kv1.2, 
Kv2.1, Kv2.2, Kv4.2, Kv11.1, Kv12.2, MaxiK and K2p1.1 channels. 
Immunofluorescence confirmed the presence of Kv2.1, Kv2.2, Kv3.4, 
Kv4.2, Kv11.1, MaxiK and K2p1.1 channels, while relatively weak 
signals were detected for Kv1.2 and Kv12.2. Heteropodatoxin-2, a 
Kv4.2 channel blocker, ergtoxin-1, a Kv11.1 channel blocker and 
iberiotoxin, which blocks MaxiK channels, had no effect on UVB-
induced K+ currents.
Conclusions: The data show that HCLE cells express a large number 
of K+ channels which may be involved in cell volume regulation, 
responses to environmental stimuli and regulation of intracellular 
signaling pathways. The lack of effect of blockers of Kv4.2, Kv11.1 
and MaxiK channels on UVB-induced currents suggests that Kv3.4 
channels strongly dominate the response of HCLE cells to UVB, 
although involvement of channels for which specific blockers are not 
available cannot be ruled out.
Commercial Relationships: John L. Ubels, None; 
Mark P. Schotanus, None; Peter M. Boersma, None; 
Loren D. Haarsma, None
Support: Supported by NIH grant R15 EY023836 and the Arnold 
and Mabel Beckman Foundation

Program Number: 2630 Poster Board Number: A0220
Presentation Time: 8:30 AM–10:15 AM
Mucin N-Glycans Contribute to the Ocular Surface Glycocalyx 
Barrier
Pablo Argueso1, Takazumi Taniguchi1, Ashley Woodward1, 
Paula Magnelli2, Sarah M. Jacopo1, Jerome Mauris1. 1Schepens Eye 
Research Institute and Massachusetts Eye and Ear, Harvard Medical 
School, Boston, MA; 2New England Biolabs, Ipswich, MA.
Purpose: Terminally differentiated stratified epithelial cells maintain 
barrier function at the ocular surface through a specialized protective 
structure composed of highly O-glycosylated transmembrane mucins. 
Relatively low levels of N-glycans are found on transmembrane 
mucins, and their structure and function remains poorly characterized. 
The purpose of this study was to define the contribution of mucin 
N-glycans to the ocular surface glycocalyxl barrier.
Methods: Transmembrane mucins were purified from stratified 
corneal epithelial cell cultures using size exclusion chromatography 
and isopycnic density centrifugation. N-glycans released from mucin 
isolates were analyzed by liquid chromatography and electrospray 
ionization mass spectroscopy. N-glycosylation was inhibited 
using chemical, enzymatic and siRNA (MGAT1) approaches. 
Plasma membrane proteins were labeled by biotinylation. Lectin 
blot, immunoblot, and qPCR were used to determine levels of 
carbohydrate, protein, and mRNA, respectively. MUC16 affinity 
was analyzed using a slot blot galectin-3 binding assay. Glycocalyx 
barrier function was determined using the rose bengal dye penetrance 
assay.
Results: Structural analysis of the N-glycans in human corneal 
mucins by mass spectrometry revealed the presence of complex-type 
structures carrying N-acetyllactosamine residues, a preferred galectin 
ligand. In N-glycosylation inhibition experiments, we found that 
treatment with tunicamycin and MGAT1 siRNA induced partial loss 
of total and cell surface MUC16 mucin, and a concomitant reduction 
in glycocalyx barrier function. These results correlated with the 
transcriptional upregulation of the transcription factor CHOP and the 
molecular chaperone BiP, indicative of cells undergoing endoplasmic 
reticulum stress and the activation of the unfolded protein response. 
Finally, we found that N-glycans promoted binding affinity of 
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MUC16 towards galectin-3 and caused retention of the lectin on the 
epithelial cell surface.
Conclusions: Taken together, these studies define a novel role for 
N-glycans in supporting the stability and protective function of 
transmembrane mucins at the ocular surface.
Commercial Relationships: Pablo Argueso, None; 
Takazumi Taniguchi, None; Ashley Woodward, None; 
Paula Magnelli, None; Sarah M. Jacopo, None; Jerome Mauris, 
None
Support: NIH R01EY014847, NIH R01EY026147, NIH 
P30EY003790

Program Number: 2631 Poster Board Number: A0221
Presentation Time: 8:30 AM–10:15 AM
Corneal Safety of Monoprost
Yasser H. Mohamed, Daisuke Inoue, Masafumi Uematsu, 
Takashi Kitaoka. Ophthalmology, Nagasaki University, Nagasaki, 
Japan.
Purpose: To determine the corneal changes after usage of 
preservative free (PF) latanoprost (Monoprost®) along different 
periods of time.
Methods: Male white Japanese rabbits (KBT Oriental, Tosu, Japan) 
were used in this study. We divided the animals into 6 groups: Three 
groups for PF latanoprost exposure corneas (immediately after PF 
latanoprost exposure, after 24 hour of exposure, after one week of 
daily exposure) and three groups as control groups with Hank’s 
Balanced Salt Solution (HBSS) exposure. All groups (PF latanoprost 
and control groups) were examined with corneal transepithelial 
electrical resistance (TER), transmission electron microscopy (TEM), 
and scanning electron microscopy (SEM) examinations.
Results: There were no significant changes in the corneal TER after 
exposure of the cornea to PF latanoprost in all groups (immediately 
after PF latanoprost exposure, after 24 hour of exposure, after one 
week of daily exposure) as compared to control groups. In all groups 
of PF latanoprost exposure and control groups, the superficial cells 
of the corneal epithelium were normal in appearance with normal 
microvilli and normal adhesions between cells by SEM examination. 
Also, all superficial corneal epithelial cells showed normal tight 
junctions between each other and normal appearance of microvilli in 
all groups of PF latanoprost exposure and control groups with TEM 
examination.
Conclusions: PF latanoprost (Monoprost®) is safe to the corneal 
epithelium along different periods of exposure. To our knowledge, 
this is the first electron microscopic study to prove safety of 
Monoprost® on corneal epithelium.
Commercial Relationships: Yasser H. Mohamed, 
None; Daisuke Inoue, None; Masafumi Uematsu, None; 
Takashi Kitaoka, None

Program Number: 2632 Poster Board Number: A0222
Presentation Time: 8:30 AM–10:15 AM
Effect of the corneal epithelium on the topographical properties 
of thin and irregular corneas
Emilio A. Torres Netto1, 2, Alain Saad1, Imene Salah-Mabed1, 
Damien Gatinel1. 1Department of Anterior Segment and Refractive 
Surgery, Fondation Rothschild, Paris, France; 2Federal University of 
Sao Paulo, Sao Paulo, Brazil.
Purpose: The presence of a thin or irregular cornea in refractive 
surgery candidates may preclude them from LASIK surgery, and in 
these eyes, PRK may be safer. It has been suggested that the corneal 
epithelium remodeling may mask some alterations in Bowman’s layer 
contour that could, otherwise, indicate an early stage of keratoconus. 
This prospective study investigated in vivo topographic properties 

of the corneal epithelium in suspicious corneas, presenting irregular 
astigmatism and/or reduced thickness.
Methods: Sixty-five eyes selected for PRK were prospectively 
analyzed. The reasons for choosing PRK were (1) the presence of thin 
cornea (<500 microns) and/or (2) irregularities raising keratoconus 
suspicion. Two indices were used to objectively raise the suspicion of 
keratoconus: Corneal Score from the OPDscan III specular topograph 
and SCORE Analyzer from the Orbscan IIz slit scanning topograph. 
Corneal topography was assessed preoperatively and during PRK 
after epithelial removal. Corneal keratometry, Fourier and Zernike 
terms, corneal asymmetry indices and asphericity were analyzed.
Results: Following epithelial removal mean preoperative astigmatism 
and also the flat, steep meridian and apex keratometry increased. 
The average epithelial induced astigmatism magnitude was 0.37 ± 
0.38 D (figure 1). The shift of the astigmatism axis was computed 
in polar notation, and remained with the rule. Fourier and Zernike 
analysis revealed a reduction of the minimum radius of anterior 
corneal curvature and an increase in the coma, trefoil and irregularity. 
There were significant differences in some corneal indices used for 
keratoconus screening (ISV, IHA, IHD and ABR), which respective 
values remained within the normal range. Significant change in 
asphericity was observed only in the nasal hemi-meridian. For all 
variables, a calculated p-value <0.05 was considered statistically 
significant.
Conclusions: The epithelium affected the topographical properties 
of the cornea by significantly reducing the magnitude of corneal 
topographic astigmatism and high-order aberrations. Moreover, 
these data suggest that the modifications of the corneal topography 
after epithelial removal in thin and irregular corneas have similar 
magnitude to that of normal myopic eyes. This knowledge may 
be relevant not only for preoperative evaluations, but also surgical 
planning of techniques such as transepithelial or topography 
customized PRK.

Commercial Relationships: Emilio A. Torres Netto, None; 
Alain Saad, None; Imene Salah-Mabed, None; Damien Gatinel, 
None
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Efficacy of heparin sulfate mimetic polymer in Cogan’s epithelial 
dystrophy
Marc Labetoulle1, Antoine Rousseau1, Mohamed M’Garrech1, 
Benedicte DUPAS2, Christophe Baudouin2, Emmanuel Barreau1, 
Tristan Bourcier3, Frederic Chiambaretta4. 1Ophthalmology, 
Hopital Bicetre, South Paris University, Le Kremlin Bicetre, 
France; 2Ophthalmology III, Quinze-Vingts Hospital, Paris, France; 
3Ophthalmology, Hopital Civil, Strasbourg, France; 4Ophthalmology, 
CHU Clermont-Ferrand, Clermont-Ferrand, France.
Purpose: Epithelial basement membrane dystrophy (EBMD) is 
characterized by corneal epithelial lesions such as dots, maps and 
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fingerprints, functional and physical signs of dry eye, and recurrent 
episodes of epithelial defects. We followed 21 patients with EMBD 
treated with topical heparan sulfate mimetic polymers (HSMP, 
Cacicol®) undertaken after the failure of conventional symptomatic 
treatments.
Methods: This retrospective study included 21 consecutive patients 
(20 women/1 man, average age 56.2) addressed in two tertiary care 
centers for symptoms of dry eye and/or recurrent erosions that were 
resistant to various topical therapies, including moisturizing eye 
drops in all cases. After the diagnosis of EBMD was established, 
moisturizing eye drops were continued and treatment with Cacicol® 
(1 drop every 3 days) was started. Patient perception of symptoms 
was regularly evaluated and ocular surface was monitored by means 
of slit lamp examination. Efficacy was assessed using the OSDI 
values before treatment and during the follow-up.
Results: The mean OSDI score before treatment was 56.2±15.0. 
Sixteen (76.2%) patients showed a marked diminution of the OSDI 
score (range 12% to 66%, mean of 36.3%) after one month of 
treatment. Mean duration of treatment was 10.8 ± 8.8 months. It was 
ended in 9 patients (42.8%) due to a global improvement of ocular 
comfort while 4 (19.0%) patients discontinued the treatment due to 
lack of efficacy or recurrence. At the end of the follow-up, RGTA 
treatment was still ongoing in 8 patients including 5 patients with 
no signs of recurrence since the treatment initiation. Globally, the 
RGTA treatment allowed to avoid acute painful episode in 13 patients 
(61.9%).
Conclusions: HSMP are usually proposed in corneal matrix 
diseases inducing epithelial defects, such as neurotrophic keratitis. 
They mimic the architecture of the stromal extracellular matrix, 
and thus promote the healing of corneal stroma and then epithelial 
regeneration. This retrospective study suggests that HSMP could 
also participate in the reduction of symptoms and recurrent epithelial 
erosions in EMBD, whose primum movens abnormalities are still 
unknown. A change in the underlying stromal organization may 
explain the structural abnormalities of the epithelial basement 
membrane in EMBD, and therefore the effect of HSMP in such cases. 
Our results suggest HSMP may have an interest in EMBD that are 
resistant to usual symptomatic treatment
Commercial Relationships: Marc Labetoulle, THEA (C), 
MSD (C), ALLERGAN (C), SANTEN (C), ALCON (C); 
Antoine Rousseau, THEA (C); Mohamed M'Garrech, None; 
Benedicte DUPAS, None; Christophe Baudouin, THEA (C), 
DOMPE (C), ALLERGAN (C), SANTEN (C), ALCON (C); 
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The potential of using different forms of human platelet lysates in 
the treatment of ocular surface problems
Lily Chen, Chien-Jung Huang, Yi-Chen Sun, Wen-Hui Tu,  
Fung-Rong Hu, Wei-Li Chen. Ophthalmology, National Taiwan 
University Hospital, North Reading, MA.
Purpose: Autologous serum is commonly used to treat various ocular 
surface problems, but has major disadvantages during preparation. 
We hypothesize that human platelet lysate (HPL) can replace human 
peripheral serum (HPS) as treatment due to similar epitheliotropic 
abilities. We also cryoprecipitated HPL to evaluate the potential for 
future clinical use.
Methods: Liquid and cryoprecipitated forms of two commercialized 
HPLs, UltraGRO TM (Helios, Atlanta, GA) and PLTMax (Mill 
Creek, Rochester, MI), were compared with HPS and fetal bovine 
serum (FBS). Human corneal epithelial cells were incubated with 

various concentrations (0%, 3%, 5%, 10%) and preparations (liquid 
and cryoprecipitated forms) of these blood derivatives. Scratch-
induced directional wounding assay was performed to evaluate cell 
migration while MTS assay was used to evaluate cell proliferation. 
Cell differentiation was examined by scanning electron microscopy, 
inverted microscopy and trans-epithelial electrical resistance. 
Sprague-Dawley rats were used to evaluate in vivo corneal epithelial 
wound healing after debridement and the topical application of 
blood derivatives at 2-hour intervals for 48 hours (N=3 per group; 
Total N=18). Concentrations of epidermal growth factor (EGF), 
transforming growth factor-β1 (TGF-β1), fibronectin, platelet-derived 
growth factor-AB (PDGF-AB), PDGF-BB and hyaluronic acid in 
blood derivatives were evaluated by enzyme-linked immunosorbent 
assay (ELISA).
Results: In vitro experiments on cell proliferation, migration and 
differentiation demonstrated that epitheliotropic abilities were not 
significantly different in the two commercialized HPLs compared 
to FBS and HPS (p>0.05). Among the different concentrations of 
blood derivatives, 3% samples yielded the best outcome (p<0.05). 
HPL produced better but not statistically different in vivo wound 
healing ability compared to FBS and HPS (p>0.05). Liquid and 
cryoprecipitated forms of HPL have similar concentrations of EGF, 
TGF-β1, fibronectin, PDGF-AB, PDGF-BB and hyaluronic acid, and 
demonstrated no significant difference in their epitheliotropic abilities 
(p>0.05).
Conclusions: Liquid and cryoprecipitated forms of commercialized 
HPL showed comparable corneal epitheliotropic abilities and wound 
healing rates compared to HPS and FBS. Results suggest that HPL 
can replace HPS in corneal epithelial treatments, pending further 
exploration in human clinical trials.
Commercial Relationships: Lily Chen, None; Chien-Jung Huang, 
None; Yi-Chen Sun, None; Wen-Hui Tu, None; Fung-Rong Hu, 
None; Wei-Li Chen, None
Support: 104-CGN-15
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Phospholipids studies in human corneal epithelial cells from 
Climatic Droplet Keratopathy patients
Maria Fernanda Suarez1, Leandro Correa2, Evangelina Esposito3, 2, 
Julio A. Urrets-Zavalia2, Horacio M. Serra1. 1CIBICI CONICET, 
Department of Clinical Biochemistry, Faculty of Chemical Sciences, 
National University of Cordoba, Cordoba, Argentina; 2Department of 
Ophthalmology, University Clinic Reina Fabiola, Catholic University 
of Cordoba, Cordoba, Argentina; 3The Witelson Ocular Pathology 
Laboratory, McGill University, Montreal, Canada, Montreal, QC, 
Canada.
Purpose: Climatic droplet keratopathy (CDK) is an acquired 
degenerative disease of the cornea of unknown etiology, characterized 
by progressive opalescence of cornea’s most anterior layers. CDK is 
highly prevalent in certain rural communities around the world living 
under harsh environmental conditions (low humidity, constant winds 
and lack of protection to chronic exposure of ultraviolet radiation). To 
increase our knowledge about CDK’s etiology, we performed a pilot 
study to evaluate phospholipids profile (phosphatidylcholine-PC- 
and phosphatidylserine-PS) in corneal epithelial cells from 3 CDK 
patients
Methods: Corneal epithelial cells from CDK areas (inter palpebral 
aperture) and from non affected areas (corneal epithelium covered by 
eye lids) were obtained from patients diagnosed with CDK who did 
not presented any other surface eye disease. After reading a summary 
of the project, a consent form was signed by the patients. All 
procedures were in accordance to a protocol approved by institutional 
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review process and the tenets of the Declaration of Helsinki. Corneal 
cells were subjected to lipid extraction using a modified Bligh 
and Dyer method; protein concentrations were determined using 
the Bradford’s method. Lipids were identified and subjected to 
ratiometric quantification using TSQ Quantum Access Max triple 
quadrupole mass spectrometer, using appropriate class specific lipid 
standards
Results: We obtained lipid profiles for two classes of phospholipids: 
PC and PS. The phospholipid classes showed lower total amounts 
(pmol/µg protein) in affected areas compared to control areas from 
corneas of CDK patients: PC and PS control values were 5 times 
and 34 times higher than in CDK affected areas, respectively. 
Comparative profiles between CDK areas and control areas showed 
several common species between them. Unique lipids were also 
identified in the two classes of phospholipids, in control areas that 
were absent in CDK areas and vice versa
Conclusions: It was possible to quantify and identify phospholipids 
in control and CDK affected areas in corneal epithelial cells from 
patients with CDK. The fact that we found lower amount of lipids in 
CDK areas compared to control areas could be attributed to the lipid 
peroxidation that takes place as a consequence of oxidative stress. 
More studies need to be done to confirm and extend these results
Commercial Relationships: Maria Fernanda Suarez; 
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Decreased UV-filtering ability of corneal epithelium may be the 
cause of stromal pathologies in keratoconus
Nurullah Cagil1, Fatma Azize Budak Yildiran2, Nagihan Ugurlu1, 
Sema Tuncer2, Mustafa Turk5, Mehtap Caglayan4, Sukran Akdag2, 
Serhat Sevli3. 1Ophthalmology, Yildirim Beyazit University, Ankara, 
Turkey; 2Biology, Kirikkale University, Kirikkale, Turkey; 3Nehir 
Biotechnology, Ankara, Turkey; 4Ophthalmology, Mardin State 
Hospital, Mardin, Turkey; 5Bioengineering, Kirikkale University, 
Kirikkale, Turkey.
Purpose: Etiology of Keratoconus (KC) is not clear. Ultraviolet 
(UV) light is one of the factors implicated in the etiology of KC. This 
study tests the hypothesis that UV light absorbance and antioxidant 
mechanisms of corneal epithelium may play an important role in 
the etiology of KC by using an experimental model of epithelial UV 
exposure.
Methods: Corneal epithelial cells were obtained from patients 
applied for corneal cross-linking or excimer laser. Cells were 
incubated in 12 well plates in Keratinocyte Serum Free Medium for 
24 hours until they attached the surface and formed a monolayer. 
Cells from KC patients were divided into 3 groups: UV-A-KC, UV-
B-KC, and No-UV-KC. Cells from normal eyes which underwent 
excimer laser also divided into 3 groups: UV-A-N, UV-B-N, and No-
UV-N. Each group is composed of 6 samples. UV intensity was set as 
2000 mJ/cm2 for UV-A and 150 mJ/cm2 for UV-B application. After 
UV application, cells were incubated for another 24 hours. Then 
following enzyme activities were measured: Glutathion Peroxidase 
(GPX), Glutathione Reductase (GR), Superoxide Dismutase (SOD), 
Catalase (CAT), Aldehyde Dehydrogenase (ALDH), Nitric-Oxide 
Synthetase (NOS). Levels of antioxidant molecules were measured: 
Glutathione (GSH), NAD/NADH, Uric Acid, Ferritin, Ascorbic Acid, 
Hydrogen Peroxide (H2O2), Nitric-Oxide (NO), Malondialdehyde 
(MDA), Nitrothyrosine-3 (NT), and Total Anti-oxidant Capacity 
(TAC). Local Ethics Committee approval was obtained. Statistical 
Analysis was performed by SPSS 18.0 software. Statistical 

significance test within groups were done by Kruskal-Wallis test. 
Comparison of groups was done by Mann-Whitney U test.
Results: ALDH, TAC, NOS, NAD/NADH levels were lower in No-
UV-KC group compared to No-UV-N group (p<0.05). G6PD and NO 
levels were higher in No-UV-KC group compared to No-UV-N group 
(p<0.05). G6PD increased after UV-B application in both KC and N 
groups (p<0.05). Ferritin decrased after UV-A and UV-B application 
in N group (p<0.05), but not in KC group (p>0.05). UV absorption of 
cells were measured and was found to be significantly lower in KC 
group compared to N group (p<0.05).
Conclusions: Decreased UV filtering ability combined with weaker 
antioxidant defense may cause chronic low dose UV and oxidant 
exposure of Bowman’s membrane and anterior corneal stroma, which 
may cause clinical findings of KC.
Commercial Relationships: Nurullah Cagil, None; Fatma 
Azize Budak Yildiran, None; Nagihan Ugurlu, None; 
Sema Tuncer, None; Mustafa Turk, None; Mehtap Caglayan, 
None; Sukran Akdag, None; Serhat Sevli, None
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Histological Patterns of Epithelial Alteration in Keratoconus
Denise Hileeto1, Luigina Sorbara1, Maud Gorbet2, 
Kostadinka K. Bizheva3, Jose Lamarca4, Miguel Maldonado5, 
Jose-Carlos Pastor5, Jose Carlos Lopez Lopez5. 1Optometry, 
University of Waterloo, Waterloo, ON, Canada; 2Systems Design 
Engineering, University of Waterloo, Waterloo, ON, Canada; 3Physics 
and Astronomy, University of Waterloo, Waterloo, ON, Canada; 
4Barraquer Ophthalmology Institute, Universitat Internacional de 
Catalunya, Barcelona, Spain; 5IOBA, Universidad de Valladolid, 
Valladolid, Spain.
Purpose: The purpose of our current study is to investigate the 
histological features and establish the presence of distinctive 
morphological patterns of epithelial alterations in keratoconus.
Methods: The clinical histories and microscopic slides of 56 patients 
with keratoconus were studied retrospectively. The paraffin blocks 
were retrieved, sectioned in 5-µm-thick sections and stained with 
hematoxylin and eosin (H&E). The histological slides were evaluated 
using bright field microscopy. Central and peripheral corneal 
epithelial thickness was measured, and morphological features of the 
epithelium were studied in order to identify differences and possible 
patterns of alteration.
Results: Three distinctive patterns of epithelial alteration of 
the central cornea were established. The most common pattern 
accounting for 41% (23/56) of the cases was characterized by 
statistically significant increase in central corneal epithelial thickness 
(mean 68±5µm, p<0.0001) with hypertrophy and pronounced 
hydropic changes (17 cases) or hyperplasia with focal hydropic 
change (6 cases). The hydropic changes ranged from focal cellular 
swelling to patchy vacuolar degeneration to complete ballooning with 
cell loss and partial intraepithelial and subepithelial detachment. The 
second most common pattern 32% (18/56) constituted of markedly 
reduced central epithelial thickness (mean 19.9±1.2µm, p<0.001) 
with frank atrophy (8 cases), or atrophy with focal cell swelling (10 
cases). The most rare pattern accounting for 27% (15/56) of the cases 
revealed unchanged central epithelial thickness (mean 36.5±1.75µm, 
p<0.001) with morphological features of the central corneal 
epithelium comparable to those of the peripheral epithelium. There 
were no hypertrophic, hydropic, hyperplastic, or atrophic alterations 
present in this subset of patients.
Conclusions: Central corneal epithelium in keratoconus responds 
with characteristic compensatory changes varying from hypertrophy 
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with hydropic changes, to hyperplasia, to atrophy, which are 
responsible for the formation of distinctive histological patterns. 
These patterns could potentially have diagnostic and prognostic 
value. Future work is necessary to establish the significance and 
detectability of these morphological patterns by current advanced 
imaging methods, as well as their application as predictive factors in 
the progression of the disorder.
Commercial Relationships: Denise Hileeto, None; 
Luigina Sorbara, None; Maud Gorbet, None; 
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TOXICITY POTENTIAL OF EYE DROPS WITH SOFT 
PRESERVATIVES VERSUS NON-PRESERVED ON HUMAN 
CORNEAL EPITHELIUM
MARISA MELONI, Francesco Ranzini, Barbara De Servi. 
VitroScreen Srl, MILAN, Italy.
Purpose: The reconstituted Human Corneal Epithelium (HCE) is a 
model validated as alternative to animal testing, OECD TG 492. It 
allows a predictive approach for the assessment of eye irritation and 
by adopting a multiple endpoints analysis iIt has been able to identify 
toxicity potential in eye drops and mirrors the chronic toxicity effects 
observed clinically on the ocular surface. The aim of this study was 
to assess the eye toxicity potential of soft preservatives (cetrimide, 
purite, oxyd) in multidose (MD) eye drops versus unpreserved MD 
and unidose (UD) eye drops.
Methods: The EPISKIN HCE of 0.5 cm2 and average 60 mm 
thickness was used. 30 mL of the following products were applied: 
Artelac MD, Artelac UD, Optive MD, Optive UD, Artelac Rebalance 
MD, Artelac Rebalance UD, Thealoz Duo (unpreserved MD) to 
represent acute exposure (24h followed by 24h post incubation) 
and repeated exposure (t.i.d for 3 days), in order to investigate the 
eye irritation potential and cellular damage compared to saline and 
Benzalkonium Chloride 0.01%, as controls. Outcome measures 
included the residual cellular viability (MTT), epithelial integrity 
(TEER measure), cellular membrane integrity (LDH release), 
occludin (OCLN; functional tight junctions role) level and MMP-9 as 
extracellular matrix degradation, quantified by qRT-PCR.
Results: The positive control BAK 0.01% significantly reduced 
cellular viability after both acute (44.81%) and repeated (0.92%) 
exposures confirming its well-known irritation potential. The MTT, 
LDH and TEER results after acute exposure suggest absence of direct 
toxicity and epithelial surface damage from soft preservatives. But 
after repeated exposure, soft-preserved products results were similar 
to BAK 0.01%, corresponding to a significant impairment of corneal 
permeability. This is not the case of preservative-free product in UD 
or MD vials. Effect on OCLN and MMP-9 genes transcriptional 
activity was shown with preserved eye drops after acute and repeated 
exposures.
Conclusions: Even so-called ‘soft’ preservatives cause direct toxicity 
but also ocular surface impairment. The classification of products 
according to the level of toxic and disruptive interaction with the 
corneal epithelium shows that soft preservatives can be as toxic as 
BAK 0.01% after chronic exposure. Clinicians need to be aware that 
preserved eye drops should be avoided wherever possible in chronic 
conditions.
Commercial Relationships: MARISA MELONI, None; 
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Platelet-rich Plasma Eye Drops in the Healing of Post-
Keratoplasty Persistent Corneal Epithelial Defects
Sahar Balagholi1, 2, Mozhgan Rezaeikanavi1, Shaban Alizadeh2, 
Alireza Baradaran-Rafiei1, Siamak Delfazaye Baher3, 
Behnam Ranjbar2. 1Ocular Tissue Engineering Research Center, 
Shahid Beheshti University of Medical Sciences, Tehran, Iran (the 
Islamic Republic of); 2Department of Hematology, School of Allied 
Medicine, Tehran University of Medical Sciences, Tehran, Iran (the 
Islamic Republic of); 3Ophthalmic Research Center, Shahid Beheshti 
University of Medical Sciences, Tehran, Iran (the Islamic Republic 
of).
Purpose: To investigate the effect of platelet-rich plasma (PRP) eye 
drops in the healing of post-keratoplasty persistent corneal epithelial 
defects.
Methods: Forty patients with persistent corneal epithelial defects 
following keratoplasty were treated with PRP eye drops four times 
a day. PRP eye drops were prepared with a low and high speed 
centrifuge method and final platelet counts were between 600000-
800000 plt/µl for different ages and gender. Mean duration of 
treatment to complete epithelial healing was compared with mean 
duration of conventionally-treated corneal defects before the PRP 
treatment by paired t-test. Mean duration of treatment was also 
statistically analyzed between ages and gender by ANOVA test.
Results: PRP eye drops led to rapid healing of persistent corneal 
epithelial defects in all patients. Mean duration of treatment to 
complete epithelial healing was 2.49 ± 1.23 weeks and significantly 
less than the mean duration of conventionally-treated corneal defects 
before PRP treatment (6.82± 1.25wk) (P < 0.001). Mean duration of 
treatment was not statistically significant between different ages and 
gender (2.6 week in Female versus 2.3 weeks in Male).
Conclusions: Treatment with autologous PRP eye drops is an 
effective and reliable approach that accelerates healing of post-
transplantation persistent corneal epithelial defects.
Commercial Relationships: Sahar Balagholi, None; 
Mozhgan Rezaeikanavi, None; Shaban Alizadeh, None; 
Alireza Baradaran-Rafiei, None; Siamak Delfazaye Baher, None; 
Behnam Ranjbar, None
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Impact of Diesel Exhaust Particles on the Ocular Surface
Qichen Yang, Cheng Li, ZUGUO LIU. Eye Institute of Xiamen 
University, Xiamen, China.
Purpose: Diesel Exhaust Particles (DEP) can cause damage to the 
ocular surface. Here, we use mouse to investigate the symptoms and 
underlying mechanism of DEP -induced ocular surface diseases.
Methods: DEP at different concentration of 0, 100, 1000µg/ml 
was applied to the mouse ocular surface for 28 days. Phenol red 
thread tear test, corneal fluorescein test were performed to evaluate 
the toxic effects of DEP on ocular surface. Mice were sacrificed at 
day 7, 14 and 30. The whole eye including eyelid were collected 
and labeled with a series of antibodies including Ki67 and mucin 5 
AC (MUC5AC). Apoptosis of ocular surface was evaluated by in 
situ terminal deoxynucleotidyl transferase dUTP nick end labeling 
(TUNEL) assay. The protein of IL-6, NF-κB and pNF-κB was 
detected by western blotting. The mRNA level of MUC5AC, Ki67 
and IL-6 was detected by reverse transcription real time polymerase 
chain reaction (RT-PCR).
Results: DEP damaged the epithelium of ocular surface with the 
increase score of corneal fluorescein. PAS staining showed that goblet 
cells was decreased by day 7 and then increased at day 28.  
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The mRNA level of MUC5AC showed the similar tendency. Ki67 
was significantly increased in 1000µg/ml treated mouse. TUNEL 
assay showed more apoptotic cells in the corneal epithelium of DEP 
treated group. The increased NF-κB and pNF-κB was detected in 
DEP treated group.
Conclusions: Topical administration of DEP in mouse induces the 
damage of ocular surface and instability of tear film. The NF-κB 
activation plays a role in these changes.
Commercial Relationships: Qichen Yang, None; Cheng Li, None; 
ZUGUO LIU, None
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The effectiveness of tarsorrhaphy in healing persistent epithelial 
defects in cases of office based sutureless amniotic membrane 
treatment failure
Israel Ackerman1, 2, Matthew Gorski2, Anne Steiner2, Ira J. Udell2, 
Jules Winokur2. 1New York Medical College, Valhalla, NY; 
2Ophthalmology, Northwell Health, Great Neck, NY.
Purpose: To evaluate the effectiveness of office based amniotic 
membrane grafts (AMG) in treating persistent epithelial defects 
(PED), and to determine if tarsorrhaphy assists in resolution of AMG 
treatment failures.
Methods: A retrospective chart review was performed on consecutive 
patients treated with AMG from March 2014 to October 2016. 
Information reviewed included: patient age and gender, indication for 
AMG, previous therapies, duration of the AMG, time to documented 
epithelial closure with AMG, and treatment failure. In patients with 
PED and AMG failure who went on to receive a tarsorrhaphy, the 
time to epithelial closure was recorded.
Results: Sixty eyes received AMG in the study period. Of those, 29 
(mean age:74, range 27-95, 55% female), were identified as having 
a PED due to: HSV (35% [10/29]), HZV (10% [3/29]), neurotrophic 
ulcers (17% [5/29]), and PED unspecified (38% [11/29]). Eyes 
treated for indications other than PED were excluded. All 29 patients 
had prior treatment with lubricating eye drops and antibiotics. Eleven 
out of 29 patients had prior placement of a bandage contact lens 
and 1 patient had received a conjunctival flap. Patients that healed 
with AMG alone averaged 19.2 days (range: 2-27 days) from AMG 
placement to resolution. Ten out of 29 patients (34.5%) diagnosed 
with PED failed treatment with AMG and underwent tarsorrhaphy. 
The average time to tarsorrhaphy in the AMG failure group was 16.9 
days (range: 3-36 days) from the placement of the AMG. The average 
time to heal with tarsorrhaphy was 30.1 days (range: 11-47 days).
Conclusions: AMG is commonly attempted before tarsorrhaphy 
due its ease of placement and non-invasive nature. However, AMG 
is insufficient in certain cases due to severe disease, slow healing, 
and the temporary nature of a dissolvable AMG. One third of 
patients in our study who were treated for PED with AMG were 
deemed failures, and went on to receive tarsorrhaphy. All patients 
who underwent tarsorrhaphy healed without further intervention. 
While tarsorrhaphy is more invasive than AMG, it is an inexpensive 
and effective treatment option for PED. Tarsorrhaphy should be 
considered as a viable treatment option for PED, especially after 
failure with non-invasive modalities.
Commercial Relationships: Israel Ackerman, None; 
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Ex vivo corneal wound healing model using an innovative 
bioreactor
Damien Guindolet1, 2, Emmanuel CROUZET2, Zhiguo HE2, 
Aurélien BERNARD2, Chantal PERRACHE2, Fabien FOREST3, 2, 
Michel PEOC’H3, 2, Philippe GAIN2, Gilles Thuret2, 
Eric E. GABISON1. 1Ophthalmology, Fondation Ophtalmologique 
Rothschild, Paris, France; 2Corneal Graft Biology- Engineering 
and Imaging Laboratory, EA2521- Federative Institute of Research 
in Sciences and Health Engineering- Faculty of Medicine- Jean 
Monnet University, Saint Etienne, France., Saint Etienne, France; 
3Department of Pathology, University Hospital of Saint-Etienne, 
Saint Etienne, France.
Purpose: Experimental models of corneal epithelial healing 
are critically important to study cellular mechanisms and new 
therapeutics. Available model generally use animal corneas and do 
not enable long-term storage, creation of an appropriate epithelial 
environment and preservation of the endothelium that influence 
wound healing. We designed a bioreactor (BR) for human ex-vivo 
corneal storage that restores a pressure equivalent to the intraocular 
pressure in the endothelial chamber while allowing continuous 
renewing of media endothelial chambers. The epithelial chamber is 
alternatively exposed to air and to a specific epithelial medium. Aim: 
to study epithelial wound healing in the BR compared to a standard 
ex-vivo model of human corneas.
Methods: Human corneas not suitable for graft were used. Corneas 
were stored either in a BR or in petri dish (immersed or airlifted 
with epithelial culture medium). A calibrated epithelial debridement 
was done with a crescent knife. Histological structure and 
immunohistological staining (K3-K12, Laminin-5, type IV collagen) 
were compared to conventionally stored corneas after 1 week. 
Healing rate was monitored with fluorescein staining, digital pictures, 
and image analysis with ImageJ. Experiments were done in triplicate.
Results: Faster epithelial healing was observed for cornea stored in 
bioreactor. In bioreactor corneal epithelium was differentiated (K3-
K12 immunostaining) and multi-layered, whereas a 1-3 layer thick 
epithelium was observed in Petri Dish. Basement membrane was also 
restored (continuous laminin-5 and type IV collagen immunostaining) 
in BR whereas it was fragmented in Petri dish.
Conclusions: This innovative bioreactor could be a new ex-vivo 
assay to study corneal wound healing and to assess efficacy or 
toxicity of new therapeutics.
Commercial Relationships: Damien Guindolet, None; 
Emmanuel CROUZET, None; Zhiguo HE, None; 
Aurélien BERNARD, None; Chantal PERRACHE, None; 
Fabien FOREST, None; Michel PEOC'H, None; Philippe GAIN, 
university Jean Monnet (P); Gilles Thuret, university Jean Monnet 
(P); Eric E. GABISON, None
Support: Fondation de l’Avenir, Paris, France. Study n°AP-RM- 
2016-008.
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MicroRNA-181a Modulates Corneal Epithelial Wound Healing 
Rate
Peter S. Reinach1, 2, Dongsheng Yan1, 2, Weiwei Xu1, 2. 1Ophthalmology 
and Optometry, Wenzhou Medical University, Wenzhou, China; 
2Cultivation Base and Key Laboratory of Vision Science, Ministry 
of Health of the People’s Republic of China, Zhejiang Provincial 
Laboratory of Ophthalmology and Optometry, State Key Laboratory, 
Wenzhou, China.
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Purpose: MicroRNAs (miRNAs) are endogenous short (~22) 
nucleotide non-coding RNAs which inhibit protein translation 
through binding to target mRNAs. Recent studies demonstrate 
that different miRNAs play important regulatory roles in corneal 
epithelial wound healing. We determined here if changes in miR-181a 
expression levels also contribute to this process.
Methods: Realtime RT-PCR was performed to detect the expression 
of miR-181a in mouse corneal epithelium during the wound healing 
process. Human corneal epithelial cells (HCEC) were transfected 
with miR-181a using Lipofectamine RNAiMAX reagent. MTS and 
scratch wound-healing assays were carried out to evaluate the effects 
of miR-181a transfection on HCEC proliferation and migration, 
respectively. Flow cytometry evaluated the effects of miR-181a 
transfection on cell cycle analysis progression.
Results: miR-181a expression markedly declined during mouse 
corneal epithelial wound healing in vivo. Transfection of miR-181a 
into HCEC led to a significant decrease in cell proliferation by 23% 
whereas it increased G1/S cell cycle arrest by 14%. Furthermore, 
miR-181a transfection inhibited HCEC migration by 40%.
Conclusions: Corneal epithelial wound healing was associated with 
marked declines in miR-181a expression levels in mice. This effect 
combined with the declines in HCEC proliferation and migration 
caused by miR-181a transfection suggest that miR-181a is a potential 
drug target for promoting epithelial wound healing.
Commercial Relationships: Peter S. Reinach, None; 
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Anti-inflammatory effects of ST266, an amnion-derived 
multipotent progenitor cell-derived secretome, on corneal wound 
healing and stromal fibrosis in rabbits
Larry Brown1, Howard Wessel1, Erika Klitsch1, Elise Gill1, 
Justin Prater2, David Culp2, Brian C. Gilger2, 3, Kenneth J. Mandell1. 
1Noveome Biotherapeutics, Pittsburgh, PA; 2Powered Research LLC, 
Research Triangle Park, NC; 3Veterinary Medicine, North Carolina 
State University College, Raleigh, NC.
Purpose: Corticosteroid-induced ocular hypertension and the 
potential for steroid-induced glaucoma is among the leading 
drawbacks of topical corticosteroid therapy. ST266 is a biologic 
shown to be anti-inflammatory, anti-apoptotic, neuroprotective, and 
able to reduce vascular permeability. We compared the efficacy of 
ST266 to dexamethasone in a rabbit model of ocular abrasion.
Methods: 25 New Zealand White Rabbits (2-3kg, n=5/group, had a 
surgical procedure in the left eye in which an 8 mm central corneal 
wound made with a trephine removed epithelium and 10-15% of 
the superficial corneal stroma. 25µL of test article was dosed prior 
to surgery, followed by a second dose 15 minutes after surgery, 
continuing 4x/day for 4 weeks. The 5 groups were: balanced salt 
solution (BSS, n=5), dexamethasone 0.1% (DEX, n=5), ST266 (n=5), 
DEX for the first 24h post-surgery followed by ST266 (n=5) and 
ST266 + DEX combined (dosed 4x/day; ≥ 2 hrs between doses, n 
=4). The right eye did not have surgery or treatment.
Results: All 4 treatment groups, (ST266, DEX alone, DEX + ST266 
or a single dose of DEX followed by ST266) resulted in significantly 
lower Ocular Examination scores compared to BSS at 12 h and 1 day 
(p<0.02). Corneal wound healing assessed by fluorescein staining 
on day 3 indicated that ST266 resulted in faster corneal healing 
compared to chronic DEX groups (p<0.007). The lowest OCT 
(Optical Coherence Tomography) fibrosis scores were observed in the 
single DEX dose followed by chronic administration of ST266 group.

Conclusions: Our results demonstrate that treatment with ST266 
following a single DEX dose resulted in faster corneal healing, 
reduced corneal inflammation and the lowest fibrosis scores among 
the five treatment groups. These results suggest that a single topical 
steroid dose followed by ST266 could be a novel and safer treatment 
regimen to avoid the potential untoward side effects of chronic ocular 
steroid therapy.

Commercial Relationships: Larry Brown, Noveome 
Biotherapeutics (E); Howard Wessel, Noveome Biotherapeutics 
(E); Erika Klitsch, Noveome Biotherapeutics (E); Elise Gill, 
Noveome Biotherapeutics (E); Justin Prater, Powered Research 
(F); David Culp, Powered Research (F); Brian C. Gilger, Powered 
Research (F); Kenneth J. Mandell, Noveome Biotherapeutics (E)
Support: US Navy Contract # N62645-13-C-4014

Program Number: 2645 Poster Board Number: A0235
Presentation Time: 8:30 AM–10:15 AM
Corneal Toxicity of Antibody Drug Conjugate 
Chemotherapeutics
Alicia M. Eby1, Rabeea Khan1, Monica Ray1, Lance Heilbrun2, 
Cheryl Milanovic1, Jackson Jessica1, Mark McDermott1, 
Elisabeth Heath2. 1Ophthalmology, Kresge Eye Institute, Royal Oak, 
MI; 2Karmanos Cancer Institute, Detroit, MI.
Purpose: Antibody drug conjugates (ADCs) are a novel 
chemotherapeutic drug class composed of a chemotherapeutic agent 
attached to a targeting antibody via a linker protein, and show great 
promise in the treatment of a variety of cancers. ADCs are approved 
in the treatment of breast and lung cancer and trials are underway 
for prostate, renal, and urological cancers. However, there have 
been ocular side-effects and complications observed in a significant 
number of patients on ADCs, which in some cases have even led to 
discontinuation of the drug1. This retrospective review aims to report 
the ocular side effects of these novel chemotherapeutic agents.
Methods: Using a database of patients that have received treatment 
with ADC’s at Karmanos Cancer Institute and undergone ocular 
examination at Kresge Eye Institute, we collected information 
including: ocular symptoms, drug status, visual acuity, manifest 
refraction, slit lamp examination, Schirmer’s test, slit lamp corneal 
photography, and Pentacam topography.
Results: Of the 28 patients examined on ADC therapy, we report 
ocular toxicity in 9 patients (32%). The ocular toxicity localized to 
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the corneal surface, and consisted of a characteristic form of annular 
keratitis in all patients. Additionally, the keratitis was found to 
resolve with cessation of the drug. We also report changes in vision 
and refraction consistent with a hyperopic shift that was found to be 
reversible with cessation of the drug.
Conclusions: ADCs have been found to be associated with corneal 
toxicity, suspected to be a direct effect of the chemotherapeutic 
agent on the corneal stem cells3. In patients who have keratitis that is 
affecting their vision and significantly limiting their quality of life, 
we have been forced to discontinue the ADC even though it may 
have been extremely effective in treating their cancer. Clinically, 
this keratitis has been found to resolve spontaneously with drug 
cessation without lasting impact on the patients vision. Given that 
ocular toxicity is a common side effect of ADC therapy, and can even 
lead to discontinuation of the drug, further studies are necessary to 
characterize the nature of the toxicity and to develop a recommended 
threshold for drug discontinuation.
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Constitutive Release of Lacritin’s Latent Bactericidal Activity 
Explored by MALDI-TOF Mass Spectrometry
Jeff Romano1, Nick Sherman1, Robert L. McKown2, Tadayuki Iwase3, 
Gordon W. Laurie1. 1Cell Biology, University of Virginia, 
Charlottesville, VA; 2Integrated Science and Technology, JMU, 
Harrisonburg, VA; 3Bacteriology, The Jikei University School of 
Medicine, Minato, Japan.
Purpose: Lacritin is a pluripotent basal tear promoting cytokine in 
tears with latent C-terminal bactericidal activity representable by 
the synthetic peptide N-104, although larger C-terminal fragments 
are also bactericidal (McKown et al, J Biol Chem '14). Recently 
Azkargorta et al (J Prot Res '15) validated this observation, and 
interestingly detected 51 different lacritin fragments in normal tears 
- all but 5 C-terminal. Thus, a natural lacritin processing mechanism 
is continuously in play as a substantial contributor to the sterility of 
tears. Processing of recombinant lacritin in vitro can be blocked by 
chymostatin or leupeptin, suggesting a serine protease.
Methods: Recombinant lacritin (5 µM) was incubated at different 
times (1, 3, 5, 10, 20, 40 or 90 min) with increasing concentrations of 
serine proteases ESP (0.1, 1, 10, 100, 1000, or 2000 nM) or cathepsin 
G (0.1, 0.5, 1, 2 or 5 mU). Cleavage analysis of fragments >4 kDa 
was monitored by MALDI-TOF mass spectrometry and Western 
blotting.
Results: MALDI-TOF mass spectrometry revealed cleavage sites on 
the carboxy side of amino acids 14, 24, 70, 76 and 77 for ESP, and 
15, 24, 59, 65, 71, 72 and 75 for cathepsin G. Fragments released 
at amino acids >59 could potentially be bactericidal. In agreement, 
some Azkargorta et al '15 fragments begin at amino acids 71, 72, 
76 and 78, although over >17 other cleavage sites are apparent 
suggesting that other tear proteases may thus contribute - much 
like the processing of skin antibiotic dermcidin. Some bactericidal 
fragments appear to be resistant to further digestion, as per MALDI-
TOF mass spectrometry of lacritin N-94 and N-94/C-6 synthetic 
peptides.
Conclusions: Both ESP and cathepsin G may contribute to lacritin 
C-terminal processing, for which it is likely that multiple proteases 
may be involved.
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Contribution of Nonpolar Side Chains to Lacritin N-104 
Bactericidal Activity
Gordon W. Laurie, Margaret Ryan, Amber Watkins, Kevin-
Jude Sankoorikal. Cell Biology, University of Virginia, 
Charlottesville, VA.
Purpose: Lacritin is a multifunctional tear protein with latent 
bactericidal activity, important in normal human tears, that is 
concentrated in its C-terminal fifteen amino acids represented by the 
synthetic peptide ‘N-104’ (McKown et al, JBC ’14). This activity 
is largely insensitive to physiological salt, unlike most cationic 
antimicrobial proteins including cathelicidins and most defensins 
for which electrostatic binding is key. How does N-104 interact with 
bacterial membranes? Here we explored the role of residues with 
nonpolar side chains.
Methods: Eleven different nonpolar to polar (serine) mutant N-104 
peptides with acetylated N-termini were synthesized: (i) N-104/
L108S, (ii) N-104/L109S, (iii) N-104/F112S, (iv) N-104/L114S, (v) 
N-104/L115S, (vi) N-104/W118S, (vii) N-104/L108S/L109S, (viii) 
N-104/L114S/L115S, (ix) N-104/L108S/L109S/F112S/W118S, (x) 
N-104/F112S/L114S/L115S/W118S, (xi) N-104/L108S/L109S/
F112S/L114S/L115S/W118S. Each was tested at 1, 10 and 100 
micromolar concentrations in an E. coli CFU assay in which peptide 
was incubated for 1.5 hrs (37°C) with cells, and then diluted for 
overnight growth on LB agar.
Results: Mutation of leucine-109 significantly reduced activity, as 
reflected in single mutant (L109S) and all other L109S mutants, 
particularly L108S/L109S/F112S/W118S and L108S/L109S/F112S/
L114S/L115S/W118S. Mutation of tryptophan-118 gave equivocal 
results.
Conclusions: Mutual hydrophobic interactions, particularly those 
involving leucine-109, appear to be important for lacritin N-104 
bactericidal activity. Pores are formed, but death appears to be 
regulated.
Commercial Relationships: Gordon W. Laurie, University 
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