ARVO 2017 Annual Meeting Abstracts
107 Cornea Wound Healing and Repair
Sunday, May 07, 2017 8:30 AM–10:15 AM
Exhibit/Poster Hall Poster Session
Program #/Board # Range: 127–175/A0317–A0365
Organizing Section: Cornea
Program Number: 127 Poster Board Number: A0317
Presentation Time: 8:30 AM–10:15 AM
Retinoic acid engineered amniotic membrane used as a graft or
homogenates: a comparative study of their positive effects on
corneal alkali burns
Romain Joubert1, 2, Corinne Belville2, 3, Estelle Daniel1, 2,
Nicolas Bonnin1, 2, Aurelie Comptour2, Frederic Chiambaretta1, 2,
Vincent Sapin2, Loic Blanchon2. 1Ophthalmology, CHU
Clermont-Ferrand, Clermont-Ferrand, France; 2EA 7281 - Retinoids
Reproduction Developmental Diseases, Université d’Auvergne,
Clermont-ferrand, France; 3GReD – INSERM U1103 – CNRS UMR
6293, Clermont Universités, Clermont-ferrand, France.
Purpose: Alkali burns are the most common and the most dreaded
chemical ocular injuries with a functional prognosis depending on
corneal wound healing efficiency. The purpose of our study is to
compare amniotic membrane (AM), previously treated or not by
all-trans retinoic acid (atRA), used as graft and homogenates and
their benefits on wound healing.
Methods: All the experiments were conducted in accordance with the
ARVO Resolution for the Use of Animals in Ophthalmic and Vision
Research and approved by our regional ethic committee (CEMEA
Auvergne). Fifty male CD1 mice, with reproducible corneal chemical
burn (protocol), were divided into five groups: group 1 treated with
saline solution, groups 2 and 3 with AM graft untreated or treated
in advance by atRA respectively, groups 4 and 5 with homogenates
of AM untreated or treated in advance before by atRA respectively.
After 7 days of treatment, measures of ulcer area and depth were
realised as well as VEGF and MMP-9 quantification. Statistical
analyses were conducted using non parametric test (kruskal-wallis
and Mann-whitney U-test) after a test for normality of data using a
Shapiro-Wilk test.
Results: AM induction by atRA was confirmed by quantification
of RARß, a well-established retinoic induced gene. A significant
improvement of corneal wound healing on ulcer area and depth with
both used amniotic membranes strategies was obtained. This positive
action was increased when amniotic membrane was pre-treated by
atRA. No major differences were found between homogenate and
AM grafts efficiency. AM also induces a decrease of VEGF and
MMP-9 levels during the wound healing process. Furthermore, the
atRA treatment of membrane leads to an even more decrease of both
proteins expression.
Conclusions: Amnion homogenate is as effective as AM graft in
promoting corneal wound healing in mouse model. Higher positive
effect of AM on wound healing was obtained with an atRA treatment
underlying a synergic effect of AM and retinoids. Our results give us
hope to propose at term new therapeutic strategy applied to cornea
wound healing.
Commercial Relationships: Romain Joubert; Corinne Belville,
None; Estelle Daniel, None; Nicolas Bonnin, None;
Aurelie Comptour, None; Frederic Chiambaretta, None;
Vincent Sapin, None; Loic Blanchon, None
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Sphingolipids in the Human Cornea, to boldly go where no one
has gone before
Sarah E. Nicholas1, Shrestha Priyadarsini1, Megan Stiles1,
Sufiya khanam2, Nawajes A. Mandal2, Dimitrios Karamichos1.
1
Ophthalmology, University of Oklahoma Health Science Center,
Oklahoma City, OK; 2Departments of Ophthalmology, University of
Tennessee Health Science Center, Memphis, TN.
Purpose: Corneal fibrosis can cause the cornea to become opaque
and can result in partial or complete vision loss for which the only
current treatment is corneal transplantation. Recently sphingolipids
(SPL) have been linked to fibrosis and found to be modulated by
the transforming growth factor-β (TGF-β) pathway. The aim of this
study is to delineate the actions of SPLs in corneal fibrosis and their
signaling mechanism interactions with TGF-β.
Methods: Healthy human corneal fibroblasts (HCFs) were cultured
in EMEM with 10% FBS and 0.5mM 2-O-α-D-glucopyranosyl-Lascorbic acid in 3D constructs and allowed to grow for 4 weeks in
the presence of 0.01μM, 0.1μM, or 5μM sphingosine-1-phosphate
(S1P), and 2μM, 5μM, or 10μM sphingosine kinase inhibitor 2
(SphKI2). Cultures without any growth factors/ inhibitors served
as Controls. After 4 weeks the constructs were examined for the
expression of SPL specific pathway signaling that focused on
sphingosine 1-phosphate receptor 3 (S1PR3) and sphingosine kinases
1 and 2 (SphK1/SphK2). Corneal fibrotic markers such as α-SMA
and collagens I, III, and V were also examined using Western Blot
analysis.
Results: We observed that the 5μM concentration of S1P treatment
led to significant downregulation (p= <0.0001) of SphK1, SphK2,
S1PR3, α-SMA, collagen I, collagen V, and collagens ratio I/V.
In terms of SPL – TGF-β signaling interactions our data showed
significant upregulation of TGF-β1 and TGF-β3 upon treatment
with 0.1µM S1P treatment and significant downregulation when
treated with the 5µM concentration of S1P. In contrast, significant
upregulation of S1PR3 was observed upon treatment with 5μM
(p= 0.04) and 10μM (p= 0.02) concentrations of SphKI2, collagen
V with 10μM concentration (p= 0.01), and collagens ratio I/III with
2μM concentration (p= 0.03). And significant downregulation of
collagen III at concentrations of 2μM, 5μM, 10μM (p= 0.002, 0.03,
and 0.02, respectively) and collagens I/V ratio at 10μM concentration
(p= 0.005) were observed upon treatment with SphKI2.
Conclusions: The S1P-mediated regulation of corneal fibrotic
markers that we observed in our 3D in vitro tissue engineered model
provided valuable information to understand the role of S1P signaling
in corneal wound healing which would beof great importance in our
effort to understand the molecular mechanisms of corneal scarring
and wound healing process.
Commercial Relationships: Sarah E. Nicholas, None;
Shrestha Priyadarsini, None; Megan Stiles, None; Sufiya khanam,
None; Nawajes A. Mandal, None; Dimitrios Karamichos, None
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Novel approaches to anchoring therapeutic factors to corneal
stroma to promote wound healing
David Myung1, 2, Ali R. Djalilian3, Sarah Heilshorn4,
Jeffrey L. Goldberg1, 2, Alexander Kreymerman1, Alisha Kumar1,
Christopher Madl4, Medi Eslani3, Xiang Shen3, Ilham Putra3,
Gabriella Fernandes-Cunha1, Won-Gun Koh5, Hyun Jong Lee5.
1
Ophthalmology, Stanford University, San Jose, CA; 2Ophthalmology,
VA Palo Alto Health Care System, Palo Alto, CA; 3University of
Illinois at Chicago, Chicago, IL; 4Materials Science & Engineering,
Stanford University, Stanford, CA; 5Chemical and Biomolecular
Engineering, Yonsei University, Seoul, Korea (the Republic of).
Purpose: We hypothesized that corneal wound healing can be
enhanced by anchoring growth factors and stem cells to the wound
bed. We have sought to test this hypothesis in three ways: (1) by
binding growth factors directly to the stromal wound bed, (2) through
an injectable, in situ-forming, growth-factor-loaded collagen gel,
and (3) by creating a living reservoir of growth factors through the
encapsulation of human mesenchymal stem cells (hMSCs) within a
carrier matrix on the ocular surface.
Methods: We have developed an array of biocompatible chemical
techniques that enable (1) surface-coupling of growth factors, (2)
crosslinking of a collagen gel loaded with growth factors, and (3)
encapsulation of hMSCs within collagen gels, all directly onto
corneal stromal collagen. These techniques include copper-free
click chemistry through strain-promoted azide-alkyne cycloaddition
(SPAAC), photoactivation of riboflavin using visible (blue) light, and
in situ forming hydrogels through multi-arm succinimidyl chemistry.
Results: Growth-factor-loaded collagen gels made by SPAAC,
visible light photoactivation of riboflavin, and succinimidyl
chemistry all facilitated control over EGF release and degradability
by collagenase. Growth factor binding by SPAAC and visible light
photochemistry was demonstrated on both collagen-coated surfaces
and debrided corneal stroma by an array of surface analytical
techniques, including surface plasmon resonance, ELISA, and
western blot. In vitro proliferation assays demonstrated enhanced
corneal epithelial cell growth upon exposure to EGF-coupled
surfaces. Pilot animal studies have shown that direct EGF binding
to debrided corneal stroma using both SPAAC and visible light
photochemistry were well-tolerated and accelerated initial wound
healing. Collagen gels formed by all three chemical techniques
maintained 90% viability of encapsulated keratocytes and hMSCs 72
hours after reaction and could be adhered to stromal collagen ex vivo.
Conclusions: Our results are consistent with our hypothesis that
wound healing can be enhanced through the chemical anchoring
of growth factors and stem cells. While further work is merited
to elucidate the optimal conditions for each crosslinking strategy,
copper-free click chemistry, visible light photochemistry, and
succinimidyl chemistry all represent promising, biocompatible
techniques for anchoringthese therapeutic factors to wounded tissue.
Commercial Relationships: David Myung; Ali R. Djalilian, None;
Sarah Heilshorn, Stanford University (P); Jeffrey L. Goldberg,
Stanford University (P); Alexander Kreymerman,
None; Alisha Kumar, None; Christopher Madl, None;
Medi Eslani, None; Xiang Shen, None; Ilham Putra, None;
Gabriella Fernandes-Cunha, None; Won-Gun Koh, None; Hyun
Jong Lee, None
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Corneal myofibroblasts and TGFβ inhibit nerve regeneration
during wound healing post-PRK
Krystel R. Huxlin, Kye-Im Jeon, Holly B. Hindman. University of
Rochester, Rochester, NY.
Purpose: Corneal injury is often followed by incomplete nerve
regeneration, long-term pain and sensory dysfunction. Here, we used
in vivo and in vitro approaches to test the hypothesis that corneal
myofibroblasts, key players in corneal wound healing, can actively
block corneal nerve regeneration after photorefractive keratectomy
(PRK).
Methods: We analyzed corneas from adult domestic short hair cats:
four unoperated, six 2 weeks post-PRK, and six 4 weeks post-PRK.
Corneal sections were stained with antibodies against α-smooth
muscle actin (αSMA), β-tubulin (Tuj1) and DAPI. We measured total
Tuj1-positive nerve lengths and density in the epithelium, sub-basal
layer and stroma. In vitro, we co-cultured ND7/23 cells
(a peripheral sensory neuron cell line) with corneal fibroblasts (fibros)
or myofibroblasts (myos). We quantified neurite extension, and the
relative expression of phosphorylated collapsing response mediating
protein (pCRMP)-2 in ND7/23 cells (the latter, using western blots).
Finally, SB431542, a transforming growth factor-β (TGFβ) receptor
inhibitor, was used to assess dependence of CRMP2 phosphorylation
on signalling downstream of TGFβ activation.
Results: Two and 4 weeks after PRK, though the epithelium had
fully regenerated and sub-ablation stromal nerve density was 3x
greater than normal, αSMA-positive stroma and the sub-basal layer
and epithelium above it were completely devoid of Tuj1-positive
nerves. In vitro, ND7/23 cells had significantly fewer, shorter neurites
when co-cultured with myos versus fibros. When co-cultured with
myos, neurons also showed time-dependent induction of pCMRP2,
which was mimicked by exposing monocultures of both ND7/23 and
trigeminal neurons to TGFβ1. SB431542 blocked the increase in
pCRMP2 and simultaneously increased neurite outgrowth.
Conclusions: Even 1 month post-injury, corneal nerve endings do
not repopulate αSMA-positive zones or the overlying sub-basal
layer and epithelium. This was consistent with the inhibitory effect
of myofibroblasts and TGFβ1 on neurite growth in vitro, which was
correlated with increased levels of neuronal pCRMP2. Our findings
support the hypothesis that myofibroblasts and secreted TGFβ1
can inhibit nerve regeneration in injured corneas long after the
epithelium has healed. We are now investigating signals upstream and
downstream of pCRMP2 that mediate these inhibitory effects.
Commercial Relationships: Krystel R. Huxlin, None;
Kye-Im Jeon, None; Holly B. Hindman, None
Support: NIH grant R01 EY015836, Unrestricted Grant from RPB to
the Flaum Eye Institute
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The effect of crosslinked CMHA-S gel drops on in vivo corneal
chemical burns
Cassie Sprague1, Barbara M. Wirostko2, Brenda Mann2, 3,
Jennifer McDaniel1, Gina L. Griffith1. 1Ocular Trauma, United States
Army Institute of Surgical Research, San Antonio, TX; 2EyeGate
Pharmaceutical, Inc., Salt Lake City, UT; 3SentrX Animal Care, Salt
Lake City, UT.
Purpose: Hyaluronic acid, a ubiquitously expressed polysaccharide,
is of great interest in the bioengineering and regenerative medicine
communities for use as an off-the-shelf biomaterial. Topical crosslinked carboxymethylated hyaluronic acid (CMHA-S) has been
shown to facilitate the repair and regeneration of corneal injuries and
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chemical burns. Our purpose was to test the hypothesis that CMHA-S
gel drops can be utilized to facilitate re-epithelialization of the
corneal epithelium in corneal chemical burn injuries.
Methods: Burns 5.5 mm in diameter were created on 20 anesthetized,
male New Zealand White rabbits by placing a circular filter paper
soaked in 1N NaOH onto the central cornea for 30 seconds. Wounds
were immediately rinsed with sterile buffered saline and evaluated
using fluorescein staining and white light imaging. Animals were
randomly grouped (n=5 per group) for no treatment or treatment with
phosphate buffered saline (PBS) drops as a control 4X daily or with
CMHA-S gel drops (SentrX Animal Care Remend® Corneal Repair
Gel) 4X or 2X daily for 14 days. An additional 5 animals were left
unwounded and treated with CMHA-S drops 4X daily for 14 days
as a control group. At days 1, 3, 7, 14, and 30 post chemical burn
creation, eyes were evaluated by white light imaging and fluorescein
staining. Corneal histology was performed using H&E and Masson’s
Trichrome stain.
Results: CHMA-S drops were biocompatible and did not lead to
any clinical or histological pathology in uninjured eyes when treated
4X daily. CMHA-S gel treatment at 2X and 4X daily facilitated the
healing of the corneal chemical burns 3 and 7 days post wounding
when compared to control and non-treated corneal chemical wounds.
Corneal burns treated with CMHA-S gel drops 2X and 4X daily were
completely healed on day 3 and showed smaller epithelial defects
on day 7 when compared to controls. There were no significant
differences in the overall size or quality of the corneal scar 30 days
post wounding between the treatment and control groups.
Conclusions: CMHA-S gel drops are biocompatible and may be
utilized clinically to facilitate corneal epithelial wound closure in
corneal chemical burn injuries.
Commercial Relationships: Cassie Sprague, None;
Barbara M. Wirostko, EyeGate Pharmaceutical, Inc. (F),
EyeGate Pharmaceutical, Inc. (I), EyeGate Pharmaceutical, Inc.
(P), EyeGate Pharmaceutical, Inc. (E); Brenda Mann, EyeGate
Pharmaceutical, Inc. (F), SentrX Animal Care (P), SentrX Animal
Care (C), EyeGate Pharmaceutical, Inc. (I), SentrX Animal Care
(I), EyeGate Pharmaceutical, Inc. (E); Jennifer McDaniel, None;
Gina L. Griffith, None
Support: This work was supported by the U.S. Army Medical
Research and Materiel Command (MRMC) Clinical and
Rehabilitative Medicine Research Program.

post-debridement, corneas were fluorescein stained and imaged
to calculate the total fluorescein positive area (pixels). Key study
endpoints included the number of fully re-epithelialized corneas
(fluorescein negative) and the total area of corneal re-epithelization in
each treatment group 24 hours post-debridement.
Results: After 24 hours, HPG/HA instilled corneas showed greater
corneal re-epithelialization compared to other treatment groups (Fig
1). The percentage of fluorescein negative corneas per treatment
group 24 hours post-debridement was highest in the HPG/HA
treatment group (53.33%) vs. other treatment groups [12.5% (HA1);
26.67% (HA2); 31.25% (HA3); 6.25% (HA4); and 43.75% (HA5)].
The average and percent area of re-epithelialization and after 24
hours of treatment was greater in the HPG/HA group (174666.8
pixels; 98.59%) than in other treatment groups [HA1 (90770.75
pixels; 91.89%); HA2 (130598.73 pixels; 96.64%), HA3 (149526.56
pixels; 97.38%); HA4 (41832.53 pixels; 91.61%); HA5 (156577.62
pixels; 96.75%)], respectively. The mean difference (pixels) in the
average re-epithelialized area of the wound between HPG/HA and
each treatment group was significant (Fig 2).
Conclusions: Percentage of eyes with complete corneal reepithelialization 24 hours post-debridement was highest with HPG/
HA vs. other HA-containing ATPs tested. These results provide
additional evidence on the benefits of the HPG/HA dual polymer on
improving outcomes following corneal injury in an animal model.
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Evaluating the effect of hyaluronic acid-containing artificial
tear products on corneal wound re-epithelialization in an in vivo
preclinical study
Abayomi Ogundele1, Winston W. Kao2, Eric C. Carlson1.
1
Department of Ophthalmology, Novartis Pharmaceuticals
Corporation, East Hanover, NJ; 2Ophthalmology, College of
Medicine at the University of Cincinnati, Cincinnati, OH.
Purpose: This in vivo preclinical study evaluated the effect of six
topical artificial tear products (ATPs) containing hyaluronic acid
(HA) on corneal re-epithelialization following injury.
Methods: C57Bl/6 mice (n=16) were randomized 1:1 to one of six
ATPs [HA1 (Optive FusionTM); HA2 (Vismed®); HA3
(Thealoz Duo®); HA4 (Hyabak®); HA5 (Hylo-Comod®) and
Hydroxypropyl-guar/HA (HPG/HA, Systane® Hydration)].
Mice were anesthetized with Ketamine/Xylazine; epithelial
debridement was performed on one cornea per animal. The debrided
eye was imaged and a 30 µL masked test solution containing one
of the six ATPs was instilled immediately on debridement and
every 2 hours, for 4 administrations in total. Twenty-four hours
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sterile, shelf-stable AM graft for use as an ocular graft would be of
immense value to both the civilian and military populations.

Commercial Relationships: Abayomi Ogundele, Novartis
Pharmaceuticals Corporation (E); Winston W. Kao, Ohio Lions Eye
research foundation (NIH/NEI grants 011845) (F); Eric C. Carlson,
Novartis Pharmaceuticals Corporation (E)
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AMNIOTIC MEMBRANE ALLOGRAFTS MAINTAIN
KEY BIOLOGICAL PROPERTIES POST SCCO2 AND
LYOPHILIZATION PROCESSING
Jennifer McDaniel, Anthony Johnson, David O. Zamora. Ocular
Trauma, USAISR, Fort Sam Houston, TX.
Purpose: Amniotic membrane (AM) has been widely used in
the clinic to treat corneal wounds due to its ability to reduce
inflammation and scarring and enhance regeneration in injured
tissues. While AM has many wound healing benefits, processing and
storage hurdles remain with current commercially available products.
Therefore, the goal of this study was to develop a sterile, shelfstable AM tissue graft utilizing a novel supercritical carbon dioxide
(SCCO2) sterilization process in conjunction with lyophilization for
use in corneal wound management.
Methods: Placentas were provided by the Cooperative Human Tissue
Network. AM was isolated, rinsed in saline, placed epithelial side up
on nitrocellulose paper and either stored at -80°C (N-AM), SCCO2
sterilized and placed in -80°C (S-AM) or SCCO2 sterilized followed
by lyophilization (L-AM) and stored at variable temperatures for 1
wk, 1, 3 and 6 months. Total protein from N-, S-, and L-AM stored
samples was isolated at different time points, quantified and analyzed
for growth factor expression using a human growth factor (GF)
antibody array. Western blot analysis of AM samples was performed
to determine the presence of PTX3 over time. Histological staining
(H&E, Masson’s trichrome) was done on paraffin embedded N-,
S-, and L-AM samples to assess if changes in structural morphology
occurred.
Results: The profile of human GFs detected in N-, S-, and L-AM
protein samples demonstrated similar patterns across all conditions
analyzed. Furthermore, six months post-processing PTX3, an
important mediator of inflammation and regeneration, was still
detected in processed AM samples. Histological analysis of N-,
S-, and L-AM revealed an organized, single-epithelial layer with an
underlying, thicker basement membrane, albeit increasingly more
condensed in the S-AM and L-AM samples.
Conclusions: SCCO2 is an emerging tissue sterilization technology
that provides a novel method for AM graft preparation and
sterilization while preserving the inherent biochemical and structural
properties of the tissue. When combined with a lyophilization step,
L-AM maintains key biological molecules such as the presence of
PTX3 and other GFs found in N-AM without the need for costly and
logistically challenging storage requirements. The generation of a
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Role of Exosomes in Regulation of Corneal Angiogenesis and
Wound Healing
Kyuyeon Han, Jin-Hong Chang, Dimitri Azar. Ophthalmology and
Visual Sciences, University of Illinois at Chicago, Chicago, IL.
Purpose: Exosomes are known to transfer bioactive molecules
among cells and play crucial roles in wound healing, angiogenesis,
and cancer. We hypothesized that corneal epithelial cell-derived
exosomes may gain access to the underlying stromal fibroblasts upon
disruption of the epithelial basement membrane and that they induce
signaling events essential for corneal wound healing.
Methods: Exosomes were isolated from mouse corneal epithelial
cells and fibroblasts using Total Exosomes Isolation Reagent
(Invitrogen). Electron microscopy, dynamic light scattering, and
detection of exosomal markers by Western blotting were performed
to characterize exosomes. The effects of epithelial cell-derived
exosomes on the proliferation of keratocytes/endothelial cells were
determined using BrdU assays. The effect of epithelial cell-derived
exosomes on alpha-smooth muscle actin expression on keratocytes
was monitored by immunofluorescence staining under confocal
microscopy. Proteomics analysis was performed to elucidate the
biological activities of the epithelial cell derived-exosomes.
Results: Corneal epithelial cell-derived exosomes were found to fuse
to keratocytes in vitro and to induce myofibroblast transformation.
In addition, epithelial cell derived-exosomes induced endothelial
cell proliferation and ex vivo aortic ring sprouting. Multiple
bioactive molecules including TGF-β, cell adhesion proteins,
metalloproteinases, and chemokines were identified on epithelial
cell-derived exosomes.
Conclusions: Our results indicate that epithelial cell-derived
exosomes mediate communication between corneal epithelial cells
and corneal keratocytes as well as vascular endothelial cells. These
findings demonstrate that epithelial cell-derived exosomes may be
involved in corneal wound healing and neovascularization, and thus,
may serve as targets for potential therapeutic interventions.
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FAK Signaling Regulates the Difference in T1 and T3’s Ability to
Stimulate SMA
Sriniwas Sriram, Xiaoqing Q. Guo, Audrey E. Hutcheon,
James D. Zieske. Ophthalmology, Harvard Medical School, Schepens
Eye Research Institute/MEE, Boston, MA.
Purpose: Previously, we have shown that transforming growth factor
beta 1 and 3 (T1 and T3, respectively) differentially effect α-smooth
muscle actin (SMA) in our three-dimensional (3D) cell culture
model, which secretes its own extracellular matrix (ECM) due to
the addition of Vitamin C (VitC). In this study, we hypothesize that
the reason for this difference in function may be due to the presence
of ECM, which activates a fibrotic signaling pathway through focal
adhesion kinase (FAK).
Methods: Human corneal fibroblasts (HCF) were cultured two
ways—with ECM (3D model) and without (regular cell culture
model). HCF in the 3D model were cultured on poly-transwell
membranes for 2 weeks in culture medium (EMEM + 10% FBS
+ 1% Antibiotic-Antimycotic) + 0.5mM VitC. In the regular
cell culture model, the HCF were grown on cell culture plates to
confluence in culture medium. Both models were treated for 24
hours with ± 1ng/ml T1 or T3, or T1+ 10mM FAK inhibitor (FAKi).
Samples from both experiments were processed for analysis by
indirect-immunofluorescence (IF), Western blot, and qRT-PCR. All
experiments were conducted in triplicate.
Results: In the regular cell culture model, which lacked the presence
of ECM, there was no difference in T1 and T3’s ability to stimulate
SMA. Both T1 and T3 treatment resulted in an increase in SMA
(1.5 fold in mRNA, 2 fold in protein). In the 3D model, with the
self assembled ECM, T1 stimulated SMA (10 fold in mRNA) while
in contrast, T3’s stimulation of SMA was significantly less than
that of T1 (5 fold in mRNA). Interestingly, T1 stimulated twice the
expression of FAK (4 fold in mRNA) when compared to T3 (2 fold
in mRNA). In both systems, the FAKi reduced the expression of both
FAK and SMA following T1 treatment. All the SMA results were
confirmed by IF.
Conclusions: These results show that ECM plays an important role
in the ability of T1 and T3 to stimulate SMA by potentially activating
the FAK signaling pathway. Using FAKi to block this pathway
negates the ability of T1 to stimulate SMA and can be developed as a
potential treatment to reduce corneal scarring.
Commercial Relationships: Sriniwas Sriram, None;
Xiaoqing Q. Guo, p38 MAP Kinase Inhibitors for Wound Healing-Schepens Eye Research Institute/MEE (P); Audrey E. Hutcheon,
None; James D. Zieske, p38 MAP Kinase Inhibitors for Wound
Healing--Schepens Eye Research Institute/MEE (P)
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Potential Approach to Reverse Corneal Myofibroblast Formation
Xiaoqing Q. Guo, Sriniwas Sriram, Jennifer A. Tran,
Audrey E. Hutcheon, James D. Zieske. Ophthalmology, Harvard
Medical School, Schepens Eye Research Institute/MEE, Boston, MA.
Purpose: In previous studies, we found that transforming growth
factor beta (TGFb) was involved in corneal wound healing. We also
observed that blocking the TGFb/p38-signaling pathway in human

corneal fibroblasts (HCF) prevented TGF-b1-stimulated HCFs from
changing to a myofibroblastic phenotype. In the current study, we
examined if p38 inhibitor (p38inh) could not only reduce, but also
reverse levels of αSMA, a marker of myofibroblasts, in TGF-b1stimulated HCFs, thus converting myofibroblasts back to their
fibroblastic phenotype.
Methods: HCF were treated with EMEM ± 2ng/ml TGF-β1 (T1)
for 3 days. After rinsing with PBS three times, the 3 day T1treated cells were split into two groups: 1) regular medium (RM:
EMEM+10%FBS), and 2) p38inh medium (RM+10μM SB202190, a
p38 inhibitor) for an additional 3 days. Media was changed everyday,
and cells were harvested on days 1, 2, and 3 (D1, D2, and D3,
respectively) for aSMA analysis by western blot (WB) and qRT-PCR.
HCF grown in EMEM only (HCF control) or EMEM + T1
(T1 control) served as controls.
Results: The WB results showed that αSMA protein levels in T1
control were significantly higher than HCF control (p<0.001). After
splitting T1 cells into RM or p38inh, αSMA levels in both groups
continued to increase at D1, compared to T1 control. On D2, the
αSMA protein levels in the RM sample leveled out; however, in the
p38inh sample, the αSMA levels decreased and were significantly
lower than the D2 RM sample (p<0.05). By D3, αSMA protein
levels in both medias decreased; however, the p38inh’s αSMA level
continued to be lower than that in the RM sample, which returned to
T1 control level. The qRT-PCR data showed a similar pattern as WB.
Conclusions: αSMA levels in both RM and p38inh samples abated
with time; however, the presence of p38inh significantly accelerated
this reverse. Therefore, blocking the p38 pathway may be a potential
approach to reversing corneal myofibroblast formation after
wounding.
Commercial Relationships: Xiaoqing Q. Guo, p38 MAP Kinase
Inhibitors for Wound Healing--Schepens Eye Research Institute/
MEE (P); Sriniwas Sriram, None; Jennifer A. Tran, None;
Audrey E. Hutcheon, None; James D. Zieske, p38 MAP Kinase
Inhibitors for Wound Healing--Schepens Eye Research Institute/MEE
(P)
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Effect of ST266, an amnion-derived multipotent progenitor cellderived secretome, in a corneal incision model for post-operative
inflammation
Howard Wessel1, Elise Gill1, Erika Klitsch1, Kenneth J. Mandell1,
David Culp2, Justin Prater2, Brian C. Gilger2, 3, Larry Brown1.
1
Noveome Biotherapeutics, Pittsburgh, PA; 2Powered Research LLC,
Research Triangle Park, NC; 3Veterinary Medicine, North Carolina
State University College, Raleigh, NC.
Purpose: Amnion-derived Multipotent Progenitor Cells secrete
pro-healing cytokines and growth factors that promote migration of
fibroblasts and keratinocytes. We studied the efficacy of the ST266
secretome in post-operative inflammation compared to balanced
salt saline solution (BSS), and Durezol (Difluprednate 0.05%), a
commercially available topical anti-inflammatory corticosteroid for
ophthalmic use.
Methods: On Day 0, 24 anesthetized NZW rabbits underwent a
2.7mm full thickness clear corneal incision in the superior nasal
cornea of the left eye. Following the procedure, buprenorphine and
neomycin/polymyxin B gramicidin were administered. The cornea
was sutured using 8-0 vicryl. The right eye acted as a control and
was not subjected to surgery or treatment. Rabbits were divided into
four groups (n=6/group): group 1 - BSS 4x/day, group 2 - ST266 8x/
day, group 3 - ST266 2x/day, and group 4 - 0.1% Durezol 4x/day.
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Eyes were analyzed at baseline, days 1, 2, 4, 7, 10, and 14. Endpoint
parameters were Hackett-McDonald ocular irritation scoring, total
redness, and histopathology.
Results: Ocular irritation scoring results show that at 24 hours postsurgery, the BSS group had a score of 12.0 ± 0.6; the ST266 8x/day
group had a score of 8.8 ± 1.3, the ST266 2x/day group had a score
of 9.2 ± 0.8; and the Durezol group had a score of 5.8±1.3. This
anti-inflammatory effect was maintained up to 10 days after surgery
and reached the same irritation score as BSS at day 14. Conjunctiva
redness/congestion and iris aqueous flare were also decreased when
compared to control BSS treatment. Histopathology scoring also
showed decreased inflammatory cell infiltration and fibrosis in both
cornea and anterior segment sections when compared to control.
Conclusions: Topical ocular treatment with ST266 resulted in lower
ocular irritation scores and total redness compared to the control
BSS group up to 14 days after surgery. Histopathology scores of
cornea and anterior segment sections showed decreased neutrophil
infiltration and fibrosis when compared to BSS control. No significant
difference in inflammatory scores was observed between frequency of
ST266 treatments. ST266 treatment was not as effective in reducing
inflammation as topical steroid treatment in this model. Test article
formulation and frequency of application were well-tolerated.
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Overexpression of MMPs in Corneas Requiring Penetrating and
Deep Anterior Lamellar Keratoplasty
Matilda F. Chan2, 1, Catherine Oldenburg1, 2, Jacquelyn Kemmer2,
Selene M. Clay2, David G. Hwang2, 1, Marie Wolf2. 1Proctor
Foundation, University of California, San Francisco, San Francisco,
CA; 2Department of Ophthalmology, University of California, San
Francisco, San Francisco, CA.
Purpose: Matrix metalloproteinases (MMPs) comprise a family of
zinc-dependent endopeptidases which are involved in wound healing
processes including neovascularization and fibrosis. We wanted to
assess MMP protein expression levels in diseased corneas of patients
requiring penetrating and deep anterior lamellar keratoplasty. The

purpose of this study is to test the hypothesis that up-regulation of
MMPs in diseased corneas is correlated with clinical levels of corneal
neovascularization and fibrosis.
Methods: Protein expression levels of 9 individual MMPs were
detected and quantified simultaneously in human corneal lysates
using the Bio-Plex Pro Human MMP 9-Plex Panel and the MAGPIX
technology. Differences in expression patterns of MMP1, MMP2,
MMP3, MMP7, MMP8, MMP9, MMP10, MMP12 and MMP13
were assessed between diseased specimens obtained from 21 patients
undergoing corneal transplantation (17 penetrating keratoplasty and 4
deep anterior lamellar keratoplasty) and 6 eye bank control corneas.
MMP expression levels were correlated with clinical data of the
patients.
Results: Of the 21 diseased patient samples, 14 (67%) are male and
the mean age is 56 years. For the control samples, 4 (67%) are male
and the mean age is 61 years. Luminex based expression analysis
revealed a significant overexpression of 5 of the 9 MMPs tested
(MMPs 1, 2, 8, 12, 13) compared to the control group. Significant
overexpression of MMP1, MMP12, and MMP13 was observed in
diseased corneas with neovascularization compared with diseased
corneas without neovascularization. Overexpression of MMPs 1, 2, 8,
12, and 13 also corresponded with the levels of corneal fibrosis.
Conclusions: The overexpression of several MMPs (MMPs 1, 2, 8,
12, 13) occurs in corneas from patients requiring keratoplasty. The
expression of these MMPs positively correlates with clinical levels
of corneal neovascularization and fibrosis and supports an important
role of MMPs in these repair processes.
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Alginate-encapsulated adipose-derived stem cells: a storable
solution for the delivery of therapeutic proteins to the ocular
surface
Stephen Swioklo1, Alex J. Shortt2, Che J. Connon1. 1Institute of
Genetic Medicine, Newcastle University, Newcastle Upon Tyne,
United Kingdom; 2Institute of Immunity and Transplantation,
University College London, London, United Kingdom.
Purpose: Mesenchymal stem cells (MSCs) have shown considerable
promise for promoting ocular surface regeneration after wounding
or disease. This is mediated by the cocktail of therapeutic proteins
MSCs produce at the site of injury. Encapsulation of MSCs within
alginate is an effective method to preserve cells during liquid
storage and has a proven record for cell implantation and bioactive
delivery. Combining these strengths, we have investigated alginateencapsulated MSCs as a “storable stem cell bandage” for precise
therapeutic protein delivery to the ocular surface.
Methods: Human adipose-derived stem cells (hASCs), MSCs
derived from fat, were encapsulated in calcium alginate and stored
at hypothermic conditions (4-21°C) for 3 days before assessing cell
viability and function. The effect of encapsulation and storage on
the gene expression and production of proteins relevant to ocular
surface repair was investigated. Optimal gel conditions were used
for the storage, transport, and delivery of encapsulated hASCs to the
ocular surface of mice with complete epithelial debridement. Corneal
regeneration and opacity was assessed over 7 days.
Results: Alginate-encapsulation had a significant cytoprotective
effect, yielding a viable cell recovery of 86±6% following storage
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for 3 days. Moreover, cell function and phenotype were preserved.
Encapsulation of hASCs within alginate had a dramatic effect on
levels of secreted growth factors in culture. Importantly, hepatocyte
growth factor (HGF) was considerably upregulated, both at the
gene and protein level (20±5- and 13±7-fold of adherent controls
respectively; p = < 0.05; n = 3). These changes were also apparent
when encapsulated cells were stored for 3 days prior to culture. Mice
treated with 3-day stored alginate-encapsulated hASCs exhibited
improved corneal regeneration and reduced haze.
Conclusions: Alginate-encapsulation is suitable for preserving
and delivering hASCs to the ocular surface as a “storable stem
cell bandage”. Improvements in ocular regeneration in mice with
debrided corneas may be aided by the differential regulation of
growth factors, with increased HGF levels promoting
re-epithelialization whilst attenuating scarring.
Commercial Relationships: Stephen Swioklo, None;
Alex J. Shortt, None; Che J. Connon, None
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Inhibition of NLRP3 Inflammasome Pathway by Butyrate
Improves Corneal Wound Healing in Corneal Alkali Burn
Fang Bian, Yangyan Xiao, Zaheer Mahira, Stephen C. Pflugfelder,
De-Quan Li, Cintia S. De Paiva. Ophthalmology, Baylor College of
Medicine, Houston, TX.
Purpose: We have previous shown that corneal alkali burns activate
the NLRP3–ASC–caspase-1 immune signaling pathway, leading
to the proteolytic processing and secretion of the proinflammatory
cytokine IL-1β. This study tested the hypothesis that blocking
NLRP3 inflammasome pathway can reduce IL-1 β secretion and
promote corneal wound healing.
Methods: A unilateral ocular burn (OB) was created with 1N NaOH
in the central cornea of C57BL/6 mice under general anesthesia.
Mice were topically treated either with 2uL of Sodium Butyrate
(NaB, 0.5mM), 2ul of hydroxybutyric acid (HB, 80mM) or vehicle
(balanced salt solution, BSS) QID for 2 or 5 days (D). Corneal
clarity was graded daily using a 4 point scale. Wound closure was
investigated using 0.1% sodium fluorescein and a survival curve
was generated. Mice were euthanized after 2 or 5D and whole
corneas were harvested and lysed for RNA extraction. Quantitative
real-time PCR was performed to measure expression of NLRP3
and downstream inflammasome cytokine, IL-1β. NLRP3 protein
expression was evaluated by Western-blot.
Results: Corneas subjected to OB and treated with HB had
significantly higher wound closure rate (100% closure at 5D vs.
60%, P<0.05) and lower corneal opacity score (2.67± 0.19 vs.
3.25±0.18, p<0.05) compared to OB+vehicle controls 5D post injury,
respectively. Treatment with NaB significantly decreased corneal
opacity score compared to vehicle treated eyes at 5D post injury
(2.68± 0.50 vs. 3.25±0.18, p<0.05, respectively). Both NaB and HB
treatment after alkali burn significantly decreased NLRP3 (15±0.52
and 23±0.20 vs. 236±0.60-fold), caspase-1 (102±0.05 and 136±0.05
vs.145±0.2-fold) and IL-1β (39±1.30 and 29±0.30 vs. 123±1.55
-fold) mRNA transcripts at 2D compared to BSS-treated corneas,
respectively (P<0.001 for all comparisons). Western blot confirmed
the RT-PCR results with decreased protein expression of NLRP3
in corneal epithelia in OB+HB and OB+NaB groups compared to
OB+vehicle group.
Conclusions: NaB and HB can inhibit the innate immune signaling
pathway (NLRP3–ASC–caspase-1–IL-1β) activation in corneal

alkali burn mouse model, resulting in greater corneal clarity and less
scaring. These results provided a mechanistic basis for optimizing
therapeutic intervention in patients.
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Semaphorin3A is an inducer of neuronal growth and nerve
regeneration in adult corneas
Victor H. Guaiquil, Qiang zhou, Yuncin Luo, Tara Nguyen,
Mark Rosenblatt. Ophthalmology and Visual Sciences, University of
Illinois-Chicago, Chicago, IL.
Purpose: Determine the neuro-regenerative potential of
semaphoring3A, an axon guidance and neuro repellent factor highly
expressed upon cornea injury.
Methods: The effect of semaphorin3A (Sema3A) on peripheral
nerve system neurons such as those that innervate the cornea was
studied in vitro in isolated trigeminal ganglia (TG) and dorso
root ganglia (DRG) neurons. Neurons were treated with neuronal
growth factor (NGF) to induce neurite growth and then exposed to
Sema3A to evaluate growth cone collapse and axonal retraction.
Neuronal cultures were treated with Sema3A alone in a time and
dose dependent manner to determine neuronal growth induction. In
vivo, thy1-YFP neurofluorescent mice were used to visualize nerve
regeneration in corneas subjected to epithelium debridement and
intrastromal pellet implantation. Neuronal growth was evaluated
using Neurolicida software.
Results: NGF induced strong neurite growth in both TG and DRG
neurons. In embryonic DRG neurons, the effect of NGF was totally
abolished by Sema3A and growth cone collapse and axonal retraction
was visible after 30 min of incubation. In adult DRG, no inhibition of
neuronal growth or collapse was observed even at high concentration
of Sema3A. This was also observed in adult TG neurons. When
Sema3A was added to untreated isolated neurons, it induced strong
neurite elongation and branching. These effects were replicated in
vivo and animals receiving pellets containing Sema3A presented
increased nerve regeneration than those having pellets with vehicle.
Conclusions: The high expression of Sema3a in the normal and
injured adult cornea could be related to their role as a growth factor
and in embryonic tissue, related to their axonal repellent properties.
Commercial Relationships: Victor H. Guaiquil, None;
Qiang zhou, None; Yuncin Luo; Tara Nguyen, None;
Mark Rosenblatt, None
Support: Rosenblatt: R01 EY018594 , RPB Unrestricted
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Transparency of suture able, nanofiber reinforced, alginate
hydrogels for corneal wound healing
Piotr Stafiej2, 1, Florian Küng2, 1, Dirk W. Schubert1,
Friedrich E. Kruse2, Thomas A. Fuchsluger2. 1Institute of Polymer
Materials, Friedrich-Alexander-Universität Erlangen-Nürnberg,
Erlangen, Germany; 2Department of Ophthalmology, FriedrichAlexander-Universität Erlangen-Nürnberg, Erlangen, Germany.
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Purpose: We have previously shown that blended Polycaprolactone
(PCL) nanofiber matrices show good properties for adhesion and
proliferation of corneal cells. These matrices were incorporated into
alginate hydrogel to enable better moistening and delivery of protein
drugs to the cornea for wound healing applications. Purpose of this
study was to evaluate both thickness and transparency of random
versus aligned PCL nanofibers compared to reinforced versus nonreinforced alginate hydrogels.
Methods: Nanofiber matrices of PCL and PCL blended with chitosan
(CHI) were produced by electrospinning and analyzed by scanning
electron microscopy. The nanofiber matrices were placed on a silicon
wafer and covered with alginate solution. Spin coating was used for
60 seconds with 300 to 500 rpm for homogeneously spreading of
alginate. The silicon wafer was placed in a 0.2 M calcium chloride
solution for crosslinking for 10 minutes. Transparency was measured
with a spectrophotometer over the visible light area (400 - 800 nm).
To visualize the transparency a line of text was printed in font sizes
of 2 to 6 pt. on which the nanofiber matrices and the compounds with
hydrogels were placed to check which font sizes are still readable.
Results: SEM showed fiber thicknesses of PCL with 110 ± 20.8
nm for random and 135.8 ± 65.5 nm for aligned nanofibers while
random PCL/CHI nanofibers had a thickness of 146.8 ± 57.22 nm
and aligned nanofibers had a thickness of 162.2 ± 72.06 nm. Alginate
hydrogels without nanofibers had a thickness of around 140 µm after
spincoating with 300 rpm, 100 µm for 400 rpm and 80 µm for 500
rpm. The nanofiber reinforced hydrogels had a thickness of 200 ±
50 µm for random nanofibers while they were thinner for aligned
nanofibers. The transparency of the nanofiber reinforced matrices
was 95% for aligned fibers, between 50 and 90% for random fibers
and 95-100% for hydrogel without nanofibers. All font sizes were
perfectly readable for hydrogels without nanofibers and aligned
nanofibers while they were clearly readable for font sizes of 3 to 6 for
random nanofiber matrices in hydrogel.
Conclusions: Incorporation of random and aligned PCL and PCL/
CHI nanofibers into alginate hydrogels by spin coating enables the
production of thin, transparent and suture able compounds. Although
the text was readable under all samples the hydrogels with aligned
nanofibers showed higher transparency compared to random ones.
Commercial Relationships: Piotr Stafiej, None; Florian Küng,
None; Dirk W. Schubert, None; Friedrich E. Kruse, None;
Thomas A. Fuchsluger, None
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In Vivo Corneal Injury Models with Lewisite and Sulfur Mustard
for the Evaluation of Effective Treatments
Neera Tewari-Singh1, Dinesh Goswami1, Rama Kant1, Dileep Kumar1,
David A. Ammar2, J. Mark Petrash2, Robert W. Enzenauer2,
Claire R. croutch3, Robert P. Casillas3, Rajesh Agarwal1. 1Department
of Pharmaceutical Sciences, University of Colorado Denver, Aurora,
CO; 2Department of Ophthalmology, University of Colorado Denver,
Aurora, CO; 3MRIGlobal, Kansas City, MO.
Purpose: Vesicating agents lewisite (2-chlorovinyldichloroarsine;
LEW) and sulfur mustard (2,2’-dichloroethyl sulfide; SM) pose a
risk of accidental exposure in addition to their feared use as terrorist
weapons. Ocular tissue is the most sensitive organ to vesicant
exposure with devastating short- and long-term corneal injuries. The
goal of this study was to establish useful clinical, histopathological
and molecular endpoints to identify and screen therapies for
alleviating cornel injury from vesicant exposure.
Methods: Using an efficient vapor exposure system, LEW
(0.2 mg/L) and SM (0.4 mg/L)-induced corneal injury was evaluated
in New Zealand white rabbits (n=6/group). The right eye of each

anesthetized rabbit was exposed to LEW (2.5 or 7.5 min) or SM (5 or
7 min), and the left eye was exposed to dilution air (control). Clinical
observations and scoring were performed at day 1 post-exposure and
out to day 28. The corneal sections were hematoxylin and eosin as
well as immunohistochemical stained and evaluated for LEW- and
SM-induced histopathological and molecular alterations.
Results: Corneal opacity was maximal between day 3 and 7 days
post-exposure while corneal neovascularization was observed
starting 7-14 days post-exposure in both LEW and SM exposed
corneas. Histopathological examination showed that both agent
exposures for longer durations resulted in optimal injury at day
7 post-exposure. At this time point, significant (p<0.05) increase
of 55% and 37% in epithelial degradation and 87% and 79%
decrease in stromal keratocytes with longer LEW and SM exposure
durations, respectively, was observed. LEW and SM exposures
also caused significant (p<0.05) increases in the expression levels
of cyclooxygenase-2 (COX-2), vascular endothelial growth factor
(VEGF) and metalloproteinase-9 (MMP-9) with optimal effect at day
7 or 14 post-exposure. There was a 3.0-fold and 2.5-fold increase
in COX-2 expression, 3.5-fold and 3.6-fold increase in VEGF
expression and 3.0-fold and 2.4-fold increase in MMP-9 expression
following longer LEW and SM exposure durations, respectively, at
optimal injury time point.
Conclusions: The outcomes provide valuable LEW- and SM-induced
corneal injury endpoints in a relevant rabbit corneal injury models.
We anticipate additional studies to delineate pathways involved in
corneal injury and wound healing from LEW and SM exposure and
identify effective targeted therapies.
Commercial Relationships: Neera Tewari-Singh, None;
Dinesh Goswami, None; Rama Kant, None; Dileep Kumar,
None; David A. Ammar, None; J. Mark Petrash, None;
Robert W. Enzenauer, None; Claire R. croutch, None;
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SIRT1: Expression in the cornea and its role in corneal wound
healing
Rajiv R. Mohan1, 2, govindaraj anumanthan3, 2, Tripathi Ratnakar3, 2,
Suneel Gupta3, 2, Michael K. Fink3, 2, Prashant R. Sinha3, 2,
Sally D. Heil3, Shyam S. Chaurasia3, Elizabeth A. Giuliano3,
Nathan P. Hesemann2. 1Mason Eye Institute and VMTH, University
of Missouri-Columbia, Columbia, MO; 2Ophthalmology, Truman VA
Hospital, Columbia, MO; 3VMTH, University of Missouri, Columbia,
MO.
Purpose: Corneal scarring is frequent after injury. Our recent
studies revealed that class I and II histone deacetylase (HDAC)
inhibitors, Trichostatin, SAHA and ITF2357, inhibit corneal fibrosis,
in vivo. However, the class III HDAC, sirtuins (SIRT1-7) role in
modulating corneal wound healing and fibrosis remains unknown.
This study tested the hypothesis that SIRT1 regulates proliferation
and differentiation of corneal fibroblasts and extracellular matrix
production by altering TGFβ1 signaling pathways. We sought to
characterize levels and localization of SIRT1 mRNA and protein in
the cornea, and its role in corneal wound healing.
Methods: Donor human corneas were used to generate corneal
fibroblasts (HCF). Human and rabbit (normal and wounded) corneas
and in vitro model of corneal fibrosis were used to characterize
SIRT1 expression and role in the cornea and wound healing. Timedependent experiments using primary HCFs analyzed SIRT1 mRNA
and protein expression in +/- TGFβ1 (5ng/ml) at 0, 12, 24, 48 and

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.

ARVO 2017 Annual Meeting Abstracts
72 hours. SIRT1 overexpression by nanoparticles or gene silencing
by RNAi technology were performed in HCF cells to analyze the
fibrosis related gene expression by qPCR. Immunofluorescence,
immunoblotting, and qPCR were used to confirm gene transfer and
quantify mRNA and protein levels in cultures and in in vivo tissues.
Results: All seven sirtuins were detected in HCF. High levels
of SIRT1 was observed in all three major layers (epithelium,
stroma and endothelium) of normal human and rabbit corneas,
and significantly decreased levels in wounded human and rabbit
corneas. HCF exposed to TGFβ1 demonstrated decreased SIRT1
mRNA and protein expression in a time-dependent manner. Gene
transfer gain-of-function and loss-of-function experiments involving
SIRT1 overexpression by nanoparticles or gene silencing by RNAi
technology demonstrated SIRT1 role in the regulation of TGFβ1mediated wound healing process (SIRT1 (p<0.01), αSMA (p<0.01),
collagen I(p<0.01) and collagen IV (p<0.01)) in an in vitro model of
corneal fibrosis.
Conclusions: SIRT1 modulates corneal wound healing and is a
potential therapeutic target for developing gene therapy for treating
corneal fibrosis in vivo. To the best of our knowledge, this is the first
report showing the expression of SIRT1 in the cornea and its role in
TGFβ1 driven fibrosis process in the cornea. More in vitro and in
vivo studies are underway.
Commercial Relationships: Rajiv R. Mohan;
govindaraj anumanthan, None; Tripathi Ratnakar, None;
Suneel Gupta, None; Michael K. Fink, None; Prashant R. Sinha,
None; Sally D. Heil, None; Shyam S. Chaurasia, None;
Elizabeth A. Giuliano, None; Nathan P. Hesemann, None
Support: Veteran Health Affairs Merit 1I01BX00035701 (RRM)
grant from Washington DC, The University of Missouri Ruth M.
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The Effect of Nitric Oxide on Human Corneal Epithelial Wound
healing
JooHee Park1, Dong Ju Kim1, Roy S. Chuck2, Choul Yong Park1.
1
Department of Ophthalmology, Dongguk University, Ilsan Hospital,
Goyang-si, Korea (the Republic of); 2Department of Ophthalmology
and Visual Sciences, Montefiore Medical Center, Albert Einstein
College of Medicine, Bronx, NY.
Purpose: To investigate the effect of exogenous nitric oxide (NO) on
corneal epithelial wound healing
Methods: Human corneal epithelial cells (HCEC) were cultured
and exposed to various concentration of NaNO2 as NO donor. Cell
viability and intracellular ROS generation were measured. The
activation of autophagy and mTOR pathway was investigated by
measured using western blot analysis. The effect of NO on HCEC
migration was assayed using in vitro scratch model. LPS was used to
induce cytotoxicity in HCECs. The rescuing effect of NO from LPS
induced cytotoxicity was measured. The effect of NO on MAPKs
(ERK, p38 and JNK) activation of HCECs was also investigated
using western blot analysis. Corneal alkali burn model was made
using Balb/c mice (20 males, 7 weeks old). The effect of NO on
in vivo corneal wound healing from alkali burn was monitored.
Inflammatory cytokine expression from alkali injured murine cornea
was analyzed using quantitative PCR.
Results: NaNO2 (0.1μM to 10μM) increased HCEC viability
measured at 6, 24 and 48 hour exposure and HCEC migration in
scratch assay for 5 days. NO induced dose dependent increase

of intracellular ROS generation from HCEC at 20 min and 1 hr,
however, this effect disappeared at 24 hr. Mild increase of LC3A/B II
form was observed with 1 to 100 μM of NaNO2 with 24 hr incubation
but statistically insignificant. No significant mTOR activation was
found with NO up to 24 hr. NaNO2 (0.1μM to 10μM) rescued HCECs
from LPS induced cytotoxicity. However, 1mM of NaNO2 increased
autophagy and enhanced cytotoxicity induced LPS. LPS increased
ERK activation of HCECs. Addition of NaNO2 (0.1μM to 10μM)
in LPS stimulated HCECs further increased ERK phosphorylation.
Other MAPKs such as p38 and JNK showed no significant change
with addition of either LPS or NO. Topical treatment of 10 μM of
NaNO2 solution for one week after alkani burn of cornea significantly
enhanced corneal epithelial healing and decreased corneal opacity
induced by chemical burn. The expression of key inflammatory
cytokines such as MMP2, VEGF and IL-6 showed significant
decrease with NaNO2 treatment.
Conclusions: Low concentration of NO increased HCEC
proliferation and enhanced corneal epithelial wound healing both in
vitro and in vivo. NO also rescued LPS induced HCEC cytotoxicity in
dose dependent manner. ERK pathway is involved in HCEC wound
healing promotion by NO.
Commercial Relationships: JooHee Park; Dong Ju Kim,
Dongguk university (F); Roy S. Chuck, Albert Einstein College of
Medicine (F); Choul Yong Park, Dongguk university (F)
Support: Korea Health Industry Development Institute Grant
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The effect of human growth hormone on corneal wound healing
in mice
xi han, XIAOMIN CHEN, Yang Liu, Wendy R. Kam,
David A. Sullivan, Juan Ding. Schepens Eye Research Institute/
Massachusetts Eye and Ear/Harvard Medical School, Boston, MA.
Purpose: We hypothesize that human growth hormone (HGH)
promotes cornea wound healing by facilitating corneal epithelial
migration and nerve regeneration. We have previously shown that
HGH accelerated corneal epithelial cell migration and activated
STAT5 signaling pathway in vitro. We also hypothesize that HGH
increases re-innervation by inducing insulin-like growth factor (IGF)1 expression in corneal epithelial cells and corneal fibroblasts.
Methods: Male wild type C57BL/6 mice of 3 months of age
were subjected to 1.5mm central corneal epithelial debridement
in both eyes, with one eye treated with HGH dissolved in
carboxymethylcellulose (vehicle) and the fellow eye with vehicle.
Corneal fluorescein imaging was taken at baseline, 4h, 8h, 12h,
18h, 24h and 48h post debridement to monitor re-epithelialization.
Physiological (10 nM) and pharmacological (6.7 uM) doses of HGH
were tested in separate experiments, with one drop instilled to the
ocular surface three times a day throughout the study period. Mice
were sacrificed at 48h time points; cornea whole mounts were stained
with beta-3 tubulin antibody for confocal microscopy to detect
corneal nerve regeneration. Human corneal epithelial cells (HCECs)
and human corneal fibroblasts (HCFs) were treated with 10 nM HGH,
and IGF-1 was assessed from whole cell lysates via Western Blot.
Results: We have successfully established a mouse model of
corneal epithelium debridement in vivo. We found that HGH of both
doses were well-tolerated in these mice without adverse reactions.
However, we found no significant difference in epithelial wound
healing rate in HGH treated vs control eyes at any of the time points
tested. Complete re-epithelialization was observed between 24 and
48 hours in both conditions. Our preliminary data did not show a
significant increase in corneal nerve regeneration by HGH treatment.
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Further, we found that HCECs and HCFs did not produce detectable
levels of IGF-1 with or without HGH treatment in vitro.
Conclusions: We have shown that HGH is well tolerated on the
ocular surface in mice, but under the conditions tested, we did not
find a significant effect of HGH on corneal epithelial healing or nerve
regeneration, and it appeared that HGH did not stimulate IGF-1
production in human corneal cell lines in vitro. Dose- and timedependent studies in females are needed before ruling out a positive
effect of HGH on corneal wound healing in vivo.
Commercial Relationships: xi han, Pfizer (F); XIAOMIN CHEN,
Pfizer (F); Yang Liu, Pfizer (F); Wendy R. Kam, Pfizer (F);
David A. Sullivan, Pfizer (F); Juan Ding, Pfizer (F)
Support: Supported by Pfizer ASPIRE Young Investigator Research
Awards in Endocrinology, the China Scholarship Council, Margaret
S. Sinon Scholar in Ocular Surface Research fund, the Yong Zhang
Research Fund, and the Guoxing Yao Research Fund
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Growth of human corneal epithelial cell on silk films with
different nanotopographies
Yuncin Luo, Michael Sun, Victor H. Guaiquil, Mark Rosenblatt.
Department of Ophthalmology and Visual Sciences, University of
Illinois Eye and Ear Infirmary, Chicago, IL.
Purpose: Silk fibroin films (SF) can be used as cellular scaffold
for tissue repair. In this study, we used photolithography to create
different patterns size on silk films to study cell morphology,
cytoskeletal dynamics and growth of corneal epithelial cells.
Methods: Silk films were obtained by casting silk solution on
polydimethyl siloxane molds with different nanotopographies
produced by photolithography techniques. Human corneal limbal
epithelial (HCLE) cells, and primary cultures of human corneal
epithelial cell (HCEC) and mouse corneal epithelial cells (MCEC)
were seeded on different silk film topographies with or without
extracellular matrix (ECM) coating. Cell adhesion and growth were
evaluated in a time dependent manner using light microscopy. Cells
were fixed and stained for focal adhesion staining of vinculin and
actin. Cells were imaged using spinning disk confocal microscopy.
Focal adhesion(FA) and spreading of these cytoskeletal proteins was
assessed and quantified using ImageJ software (NIH).
Results: Silk film nanotopography significantly affected the
attachment, FA localization, and actin cytoskeleton alignment of
HCLE cells. At 4 h after seeding, HCLE cellular spreading on parallel
line pattern and flat surfaces was 30% -50% higher than control
glass surface. Distinct vinculin localization was observed along the
edges for all patterned silk film topographies after 4 hours and 3
days incubation. In addition, FA and actin filament alignment with
topography was better when pitch size is smaller. Primary MCEC
were able to adhere and align with pitch size of 1.6um, 2 um, 4 um
and flat SF in 3-days culture while no cell attachment or spreading
was observed on glass surface. Their adherence increased as the
patterned size decreased. Coating the SF with ECM provided better
attachment in all topographies and under this conditions primary
MCEC could proliferate and remains on SF.
Conclusions: Our results indicate that SF nanotopographies provide
better cell adhesion and growth than flat surfaces. Addition of ECM
increased the cellular adhesion to silk micro- and nanotopography
and provides better growth of corneal epithelial cells.
Commercial Relationships: Yuncin Luo, None; Michael Sun,
None; Victor H. Guaiquil, None; Mark Rosenblatt, None
Support: Falk Medical Research Trust- 552992
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Differential Corneal Fibrosis in Desmin Deficiency
Sonny Caplash, Paola Bargagna-Mohan, Alexandra Pietraszkiewicz,
Christopher Hampton, Royce Mohan. Neuroscience, University of
Connecticut Health Center, Farmington, CT.
Purpose: Homozygous desmin-deficient mice exhibit restrictive
cardiomyopathy showing extensive fibrosis of the myocardium
and reduced cardiac output by the age of 1 year (Int J Cardiovasc
Imaging. 2012, 28:1699-705). We investigated the corneal phenotype
in desmin deficiency in older mice and also the injury response in
younger adults to differing levels of alkali injury.
Methods: The corneal alkali injury model was employed using
equal numbers of male and female wild type (WT), heterozygous
Des+/-, and homozygous Des-/- mice aged 2-4 months. A mild injury
(1μl of 0.15N NaOH/1 minute application; N=8/genotype) or severe
injury (1μl of 1N NaOH/45 seconds application; N=8/genotype) was
performed. Mouse eyes were rinsed with sterile buffered saline and
corneal epithelium was gently removed. Mice recovered for 7 days
following severe injury and 14 days following mild injury. Corneal
transparency was assessed via biomicroscopy, and for mild injury,
corneal digital images were coded and graded in a blinded manner by
3 reviewers. Tissue sections from the cornea were stained with DAPI,
and for immunohistochemistry (IHC), antibodies against α-SMA,
Ser38 phosphorylated vimentin (pSer38 vim) and vimentin were
employed.
Results: WT, Des+/- and Des-/- mice aged to 1 year showed no loss
in corneal transparency (p<0.001), corroborated by an absence
of corneal stromal staining for α-SMA. pSer38vim and vimentin
expression also showed no differences as compared to that in younger
mice by IHC. All three older uninjured cohorts showed no sex-related
differences in corneal transparency. We found increased fibrosis
in WT and Des-/- mice to mild injury (p<0.001), but no sex related
differences. However, injured Des+/- mice exhibited corneal haze
(p<0.001) with reduced pSer38vim expression. Des+/- mice showed
no sex-related differences in corneal haze. After severe injury, Des+/mice showed similar high levels of corneal opacity as Des-/- and WT
mice (p<0.05). A pilot analysis of the severe injury cohorts showed a
central acellular region in corneas from all 3 genotypes. This region
varied in size, with Des-/- mice having a larger region of acellularity
than Des+/- mice.
Conclusions: A corneal phenotype was not revealed in desmin
deficiency in the uninjured state. Protection from fibrosis in Des+/mice is lost upon severe alkali injury, suggesting that desmin has both
a beneficial and detrimental role in corneal wound healing that may
be context related.
Commercial Relationships: Sonny Caplash, None;
Paola Bargagna-Mohan, None; Alexandra Pietraszkiewicz, None;
Christopher Hampton, None; Royce Mohan, None
Support: R01EY016782: John A. Florence Mattern Solomon
Endowed Chair
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Optimized gene therapy normalizes wound healing and stem cell
marker expression in cultured diabetic limbal epithelial cells
Andrei A. Kramerov1, Mehrnoosh S. Ghiam1, 2,
Alexander V. Ljubimov1, 2. 1Ophthalmology Research,
Cedars-Sinai Medical Center, Los Angeles, CA; 2David Geffen
School of Medicine, University of California at Los Angeles, Los
Angeles, CA.
Purpose: To examine the expression of putative limbal epithelial
stem cell (LESC) markers and wound healing rate in diabetic human
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limbal epithelial cells (LEC) after optimized adenoviral (AV) gene
therapy with manipulation of the levels of previously identified
diabetic markers.
Methods: Primary LEC from postmortem donor diabetic eyes were
isolated with Dispase II and cultured in EpiLife medium on a mixture
of human fibronectin, collagen type IV and laminin (1). Cells were
transduced by AV with (AV-c-met) or without (AV-vector-GFP)
c-met gene, in the presence of 1 µg/mL polylysine, for 24 hr in a
small amount of medium (0.5 mL). Additional AV vectors harbored
shRNA to genes of diabetes-increased markers MMP-10 or cathepsin
F (CF). Transduced cells were incubated for 4 days. The expression
of putative LESC markers DNp63α, keratins 15 and 17 was revealed
by immunostaining. Scratch wound healing in cultures was quantified
after 20 hrs on digitized photographs using ImageJ software.
Results: Adenoviral transduction of diabetic LEC was optimized
by lowering multiplicity of infection to 10-30 PFU/cell in the
presence of transduction enhancing polylysine. This regimen yielded
high transgene expression without toxicity. Transduction with
AV-c-met as well as with AV-MMP-10-shRNA or AV-CF-shRNA
significantly reduced scratch wound area vs. AV-vector control. By
immunostaining, AV-c-met treated diabetic LEC cultures showed an
increased expression vs. AV-vector of putative LESC markers keratins
15 and 17, and DNp63α that are decreased in diabetic LEC (1)
Conclusions: Optimized adenoviral gene therapy normalized wound
healing rate and stem cells marker expression in primary diabetic
LEC. These data may be used to develop gene therapy for diabetic
corneal epithelial abnormalities by targeting limbal epithelial stem
cells.
1. Kramerov et al., Mol Vis 2015;21:1357-1367.
Commercial Relationships: Andrei A. Kramerov, None;
Mehrnoosh S. Ghiam, None; Alexander V. Ljubimov, None
Support: NIH Grant EY013431
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Effect of conditioned medium on corneal epithelial cells wound
healing in vitro
Renata R. Loureiro, Priscila Cristovam, Joyce Covre, Jose A. Gomes.
Ophtalmology and Visual Science, Federal University of São Paulo,
São Paulo, Brazil.
Purpose: To compare the effectiveness of different conditioned
media in the corneal epithelium healing in vitro
Methods: The conditioned medium (CM) was collected from: A-)
limbal epithelial cells (LEC) grown on the culture plate with 2%
FBS; B-) LEC grown on the plate with 5% FBS; C-) LEC cultivated
on amniotic membrane (LEC-MA); and d-) limbal fibroblasts (LF)
cultured on the culture plate. For the wound healing analysis, corneal
epithelial cells were cultured and upon reaching confluence, an
injury was caused in the cell layer (wound healing) and treated with
the previously collected CM. Fresh medium was used as a control
group. The epithelial migration was observed during 72 hours. Also,
keratinocyte growth factor (KGF) was quantified in the CM using
conventional ELISA assay.
Results: The complete healing was observed between 60 – 72 hours
in the groups treated with CM from LEC-MA and LF, followed by
CM from LEC 5% FBS with a complete healing after 72 hours of
treatment. We could not observe an effective epithelial wound healing
in the group treated with CM from LEC 2% FBS even after 72
hours of incubation. The presence of KGF was detected only in the
CM from LEC-MA and LF. Using this assay, it was not possible to
quantify the KGF in the CM from LEC 2% and in the control group
(fresh medium).

Conclusions: These results suggest that CM from LEC-MA and LF
seem to be more effective in the corneal epithelial healing in vitro. In
the ELISA analysis, KGF was also higher in the groups that have the
faster growing. More studies are under way to identify which growth
factors are involved in epithelial cell migration and to evaluate the
effect of CM to stimulate the epithelial cell healing process of the
cornea.
Commercial Relationships: Renata R. Loureiro, None;
Priscila Cristovam, None; Joyce Covre, None; Jose A. Gomes,
None
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Influence of the molecular weight on the suture retention
properties of polycaprolactone
Florian Küng1, 2, Dirk W. Schubert2, Piotr Stafiej1, 2,
Friedrich E. Kruse1, Thomas A. Fuchsluger1. 1Department of
Ophthalmology, Friedrich-Alexander Universität Erlangen-Nürnberg,
Erlangen, Germany; 2Institute of Polymer Materials, FriedrichAlexander Universität Erlangen-Nürnberg, Erlangen, Germany.
Purpose: To optimize our existing biodegradable polycaprolactone
(PCL) matrix towards suturability. Biopolymers like PCL are
common materials for soft tissue engineering. The length of the chain
molecule and its morphology can be measured by the molecular
weight. Altering the molecular weight of a certain material results in
modified material properties. In ocular surface surgery, attaching e.g.
an amniotic membrane graft by sutures requires a certain strength
and elasticity of the graft material. Here, PCLs of different molecular
masses were studied in respect to the suture retention properties in
order to enhance tensile strength.
Methods: PCL films have been cast in petri dishes, chloroform
serving as a solvent. Samples were manufactured by using PCL
batches with different molecular weights (Mn = 80 kDa, Mn = 45
kDa and Mn = 14 kDa). 21 round samples (diameter = 14 mm)
were prepared from each PCL film. A vicryl 4-0 suture was sutured
through each sample in a distance of 1.0 mm to the sample edge.
The respective suture retention properties were determined for the
different groups using the retention test established by our group
(presented at ARVO 2016). A constant force was applied towards the
suture with a pull rate of 10 mm/min, hereupon measuring the suture
retention Fs strength of each sample.
Results: The suture retention strength Fs showed a dependency
of the molecular weight: PCL (Mn = 80 kDa) resulted in a higher
performance than PCL (Mn = 45 kDa) (0.028 N/μm vs. 0.010 N/μm,
medians). Pure PCL (Mn = 14 kDa) was not measurable due to its low
mechanical properties. Blending the both PCLs (Mn = 80 kDa and
Mn = 45 kDa) lead to an increase of the suture retention strength of
0.032 N/μm (median) at a composition of 60/40 (80 kDa / 45 kDa).
Nearly all measurable blends (to a composition of 50/50) of Mn = 80
kDa and PCL (Mn = 14 kDa) provided a retention strength of 0.028 ±
0.002 N/μm (median).
Conclusions: We successfully modified our existing PCL biomatrix
towards suturability by using PCL molecules of higher molecular
masses. Blending different batches of sufficient big molecular weight
leads to a maximum in the composition range of 60/40 to 40/60
in a binary blend. Further studies have to performed to achieve
suturability with thinner material (e.g. nylon 10.0).
Commercial Relationships: Florian Küng, None;
Dirk W. Schubert, None; Piotr Stafiej, None; Friedrich E. Kruse,
None; Thomas A. Fuchsluger, None
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A Sema7a derived RTS-disintegrin peptide binds to integrin
alpha1beta1 and promotes migration of myeloid-derived
suppressor cells (MDSCs)
Pei-Yu Wu2, SEUNGWON AN2, Hyun Lee1, Disha Varma2,
Eunjae Kim2, Zhiqiang Liu2, Joy Sarkar2, Anubhav Pradeep2,
Anna Ahn2, Christine Mun2, Azucena Lopez2, ILANGOVAN RAJU2,
Sandeep Jain2. 1Department of Medicinal Chemistry and
Pharmacognosy, University of Illinois at Chicago, Chicago, IL;
2
Department of Ophthalmology and Visual Sciences, University of
Illinois at Chicago, Chicago, IL.
Purpose: We have previously shown that Semaphorin 7a (Sema7a)
increases the presence of YFP-MDSCs in the cornea after nerve
transection. Sema7a contains integrin binding sites (RGD-integrin
and RTS-disintegrin motifs). In this study, we investigated the
binding of a peptide spanning RTS disintegrin motif with integrin
α1β1 and determined its effect on migration of MDSCs.
Methods: Surface plasmon resonance (SPR) analyses of Sema7a
peptides and integrin α1β1 complex formation were performed.
YFP-MDSCs were sorted from bone marrow of Thy1-YFP mice
(8-10 week old) and were used for all assays. Sema7a and integrin
α1β1 expression were analyzed by flow cytometry. The migration
of YFP-MDSCs in response to RGD-integrin and RTS-disintegrin
peptides was evaluated in a Boyden Chamber using the real-time
xCELLigence system. Both peptides were used to perform adhesion
inhibition test on MDSCs. In vivo intracorneal injection was used to
confirm YFP-MDSCs migration in Thy1-YFP mice (n=5/group).
Results: Sema7a showed the binding affinity (the equilibrium
dissociation constant (KD)) at 63.6 ± 17.4 nM to the active integrin
α1β1 dimer. The binding affinity of Sema7a RGD peptide toward
integrin α1β1 dimer was slightly tighter at KD value of 12.6 ± 6.1
nM than that of RTS peptide at KD value of 34.4 ± 10.0 nM, both of
which showed comparable binding to the full-length Sema7a protein.
There was no binding between integrin β1 and Sema7a peptides,
indicating that the binding site might be located in α1. FACS
analysis showed that integrin α1 and integrin β1 were expressed in
YFP-MDSCs. RTS-disintegrin peptide increased migration of YFPMDSCs by 3.5-folds as compared to scrambled control peptide. The
increased YFP-MDSCs migration in response to RTS-disintegrin
peptide was abrogated by integrin α1 blocking antibodies but not by
integrin β1 blocking antibodies. RTS-disintegrin peptide significantly
inhibited adhesion of YFP-MDSCs. In vivo intracorneal injection of
RTS significantly increased migration of YFP-MDSCs.
Conclusions: Sema7a derived RTS-disintegrin peptide binds to
integrin α1β1 and promotes migration of YFP-MDSCs, possibly by
decreasing their adherence to the substrate.
Commercial Relationships: Pei-Yu Wu, None; SEUNGWON AN,
None; Hyun Lee, None; Disha Varma, None; Eunjae Kim, None;
Zhiqiang Liu, None; Joy Sarkar, None; Anubhav Pradeep, None;
Anna Ahn, None; Christine Mun, None; Azucena Lopez, None;
ILANGOVAN RAJU, None; Sandeep Jain, None
Support: NEI/NIH R01 EY024966, Research to Prevent Blindness
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Semaphorin 7a is differentially expressed in myeloid-derived
suppressor cells (MDSCs) under naïve and inflammatory
conditions
SEUNGWON AN, Eunjae Kim, Disha Varma, ILANGOVAN RAJU,
Anubhav Pradeep, Christine Mun, Anna Ahn, Azucena Lopez,
Zhiqiang Liu, Sandeep Jain. Department of Ophthalmology and
Visual Sciences, University of Illinois at Chicago, Chicago, IL.

Purpose: We have previously reported expression of neurotrophic
factors (NGF and Sema7a) in the cornea. We also reported that
MDSCs migrate into the cornea during nerve regeneration. Here, we
determine whether MDSCs are a source of Semaphorin 7a (Sema7a)
and nerve growth factors (NGF) under naïve, wound healing and
inflammatory condition.
Methods: YFP fluorescent MDSCs (YFP-MDSCs) were harvested
from bone marrow of Thy1-YFP mice (8-10week old) and sorted
using the Legacy MoFlo cell sorter. Sorted YFP-MDSCs (>95%
purity) were cultured in DMEM under various conditions (serum free
for naïve condition, 10% FBS addition for wound healing condition
and 40 ng/ml of GM-CSF addition for inflammatory condition). Cell
viability was determined under different culture conditions over 42
hours and Sema7a expression was analyzed by immunofluorescence
and flow cytometry. The expression of surface markers on YFPMDSCs was analyzed by mass cytometry. Similar conditions (naïve,
1M NaOH corneal alkali burn for inflammatory condition, epithelial
debridement for wound healing condition, and laser transection of
corneal stromal nerves for neurotrophic condition) were created in
vivo in Thy1-YFP mouse (n=5/group). The total number of YFP+ cells
migration was counted. The gene expression of Sema7a was analyzed
by qPCR.
Results: YFP-MDSCs showed significant differential expression
of neurotrophic factors (Sema7a and NGF) under various culture
conditions. NGF, but not Sema7a, was robustly expressed in serum
free condition (naive condition) and after addition of 10% FBS
(wound healing condition). Also NGF, but not Sema7a, was robustly
expressed after corneal nerve transection (9-fold) and in corneas with
epithelial debridement (2-fold). However, in inflammatory condition,
Sema7a was much more robustly expressed as compared to NGF.
A significant increase of Sema7a expression (78-fold) was noticed
after GM-CSF addition (inflammatory condition). Sema7a was also
robustly expressed in alkali burn corneas (14.5-fold).
Conclusions: NGF is the predominantly expressed neurotrophic
factor in naïve corneas and after wound healing. Sema7a is the
predominantly expressed neurotrophic factor in inflammatory
condition.
Commercial Relationships: SEUNGWON AN, None;
Eunjae Kim, None; Disha Varma, None; ILANGOVAN RAJU,
None; Anubhav Pradeep, None; Christine Mun, None; Anna Ahn,
None; Azucena Lopez, None; Zhiqiang Liu, None; Sandeep Jain,
None
Support: NEI/NIH R01 EY024966, Research to Prevent Blindness
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Mice gender and strain affect neurotrophin secretion and corneal
nerve regeneration after injury
Azucena H. Kakazu1, Thang L. Pham1, Scott Sullivan2, Kenneth Terry
II3, Jiucheng He1, Haydee E. Bazan1. 1Ophthalmology and
Neuroscience, LSU Health, New Orleans, LA; 2School of Medicine,
LSU Health, New Orleans, LA; 3University of New Orleans, New
Orleans, LA.
Purpose: A variety of mouse strains and genders are used in studies
of corneal wound healing and nerve regeneration. Previous studies
have shown that C57BL/6 mice heal corneal epithelial wounds faster
than BALB/c (S. Pal-Ghosh, et al. Exp. Eye Res. 2008;87:478-486)
and that female mice have slower re-epithelialization compared
with males (T. Krishnan, et al. Br J Ophthalmol.2012;96:137-8).
The purpose of this study is to compare different mouse strains and
genders on corneal wound healing, neurotrophin secretion in tears,
corneal sensitivity, and nerve regeneration after corneal injury.
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Methods: Eight week-old male and female BALB/c, C57BL/6, and
CFW mouse strains were used for this study. The epithelium from the
right eye was wounded using an Algerbrush II inside a 2mm diameter
surface demarked with a trephine. Corneal sensitivity was measured
and the Schirmer test performed every 3 days for two weeks. Tears
were collected at days 4, 7, 10, and 13 and analyzed by Western
blot for the secretion of BDNF (brain derived neurotrophic factor)
and NGF (nerve growth factor). At 24h post-injury, mice from each
group were euthanized and the corneas stained with methylene blue
to quantify the wounded area. At days 7 and 14, corneas from each
strain and gender were collected and stained with the monoclonal
antibody anti-PGP 9.5 (protein gene product 9.5) to quantify the total
corneal nerves.
Results: Twenty-four hours after injury, corneal wound healing in
BALB/c and C57BL/6 mice was 1.24 and 1.84 time faster compared
with CFW mice. Gender also affected the healing rate in each strain
with higher healing in males than females. BALB/c and C57BL/6
strains were shown to have faster recovery of corneal sensitivity
compared to the CFW strain, returning to the baseline at day 6 for
BALB/c and at day 9 for C57BL/6. Significant changes in sensitivity
between genders was found only in the C57BL/6 strain. There were
significant differences in the secretion of BDNF but not of NGF
in tears for all three strains. BALB/c mice showed higher corneal
nerve densities (12.25±0.58 %) at 14 days after injury compared to
C57BL/6 (9.45±0.57 %) and CFW (10.41±0.67 %) mice.
Conclusions: Our study shows that strain as well as gender of
laboratory mice may significantly impact the different indicators of
corneal nerve regeneration and wound healing. These factors should
be carefully considered by researchers investigating the mouse
cornea.
Commercial Relationships: Azucena H. Kakazu, None;
Thang L. Pham, None; Scott Sullivan, None; Kenneth Terry II,
None; Jiucheng He, None; Haydee E. Bazan, None
Support: NIH/NEI grant R01 EY019465 and Research Foundation
to Prevent Bliness
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Potential role of topical bovine colostrum in remodeling corneal
epithelial cells after an acute ocular alkali burn in mice
Laura Di Meglio1, Andreina Tarff1, Rebecca Yee2, Praveena Gupta1,
Anvesh Annadanam1, Marisol D. Cano1, William May1,
Ashley Behrens1. 1Ophthalmology, The Wilmer Ophthalmological
Institute, Johns Hopkins University School of Medicine, Baltimore,
MD; 2Molecular Microbiology & Immunology, Johns Hopkins
University, Baltimore, MD.
Purpose: Chemical ocular insults are among the most devastating
ophthalmological emergencies. Corneal surface cell re-epithelization
without scarring by biological fluids has been observed clinically.
Our purpose was to evaluate bovine colostrum (BC) as a potential
source to preserve the phenotype of a restored epithelium by means
of an experimental mouse ocular burn model.
Methods: Twenty-four 5-18 week-old, female and male C57BL/6
mice were interchangeable-categorized into two gender and
age-matched groups according to the topical treatment that was
administered. After inducing a corneal alkali burn in all left eyes of
both groups with 2 μl of 0.15 mol/l sodium hydroxide, both eyes of
group 1 were treated with 5-μl eye-drop of whole BC 4 times per day,
and both eyes of group 2 were treated with 5-μl eye-drop of isotonic
saline solution (SS). Over a timeline of eight days after the induction
of the alkali burn, corneal epithelial defects were photographed and
measured on days two, four, six and eight. Ocular burn damage was
assessed with a pre-established classification in clock hours of the

limbus. On day eight, both eyes of each mouse were enucleated
and assessed histopathologically. Mann-Whitney test was used for
statistical analysis.
Results: Group 1 (BC) had a significantly improved fluorescein
staining score for limbal involvement compared with group 2 (SS)
at day 4 (p =0.0130), day 6 (p <0.001) and day 8 (p <0.001). The
difference between groups 1 and 2 for limbal involvement post burns,
at day 2 before any intervention, was not statistically significant
(p > 0.99). The overall change (difference in slope) in fluorescein
staining for limbal involvement between days 2 and 8 was -0.1669
(p = 0.0063).
Conclusions: Corneal epithelium repair is an elaborated multilevel
process requiring several entities such grow factors and chemokines,
collectively promoting extracellular matrix formation, cell migration,
adherence and proliferation. Our results show the properties of BC,
suggesting its pluripotent role in triggering corneal tissue reformation
without scarring. Theses findings would provide novel therapies for
all sight-threatening corneal diseases.
Commercial Relationships: Laura Di Meglio, None;
Andreina Tarff, None; Rebecca Yee, None; Praveena Gupta, None;
Anvesh Annadanam, None; Marisol D. Cano, None; William May,
None; Ashley Behrens, None
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MMP14-Mediated Differential Regulation of VEGFR1, 2, & 3
Expression in Corneal Epithelial Cells vs. Corneal Keratocytes
Jin-Hong Chang, Kyuyeon Han, Dimitri Azar. Ophthalmology and
Visual Sciences, University of Illinois at Chicago, Chicago, IL.
Purpose: Vascular endothelial growth factor receptor 3 (VEGFR3)
regulates the growth and differentiation of blood and lymphatic
vessels. We hypothesized that matrix metalloproteinase 14 (MMP14)modulated VEGFR3 expression in the corneal epithelium may
influence corneal avascularity.
Methods: VEGFR3 expression was compared between wild-type
and MMP14-deficient (MMP14 Δexon4) corneal epithelial cells and
keratocytes. VEGFR3 protein and mRNA expression were measured
by Western blot and quantitative RT-PCR analyses, respectively.
Potential cleavage of VEGFR3 by catalytic MMP14 was examined
in an in vitro proteolysis experiment. Mass proteomic analysis was
used to identify potential nuclear proteins differentially expressed in
MMP14 Δexon4 and WT corneal epithelial cells.
Results: VEGFR3 protein expression was much higher on MMP14
Δexon4 corneal epithelial cells than on wild-type cells. Additionally,
quantitative RT-PCR analysis showed that VEGFR3 gene expression
was highly induced in MMP14 Δexon4 corneal epithelial cells but not
in wild-type corneal epithelial cells or wild-type and MMP14 Δexon4
corneal keratocytes. In contrast to epithelial cells, MMP14 Δexon4
keratocytes did not exhibit elevated VEGFR3 expression relative to
wild-type keratocytes. Interestingly, in vitro proteolysis experiments
showed that MMP14 does not cleave VEGFR3 in vitro as it does
VEGFR1, indicating that other nuclear factors may be involved in
the modulation of VEGFR3 expression by MMP14. Using LC-MS/
MS proteomic analysis, we found that 39 nuclear proteins were
differentially expressed between wild-type and MMP14 Δexon4
corneal epithelial cells.
Conclusions: MMP14 may regulate VEGFR3 expression at the
transcriptional level on corneal epithelial cells but not on corneal
keratocytes.
Commercial Relationships: Jin-Hong Chang; Kyuyeon Han,
None; Dimitri Azar, None
Support: I01
BX002386
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BIOcular™ Dressings for Corneal Repair
Lauren A. Costella1, Matthew Patterson1, Robert Redmond2,
Andrew Eiseman3, Christopher Tison1. 1Biomedical Technologies
Group, Luna Innovations, Charlottesville, VA; 2Wellman Center for
Photomedicine, Massachusetts General Hospital, Boston, MA; 3Storm
Eye Institute, Medical University of South Carolina, Charleston, SC.
Purpose: The use of amniotic membrane to heal corneal defects is
associated with a host of storage, processing, and testing expenses.
Luna is developing an ocular biomaterial (BIOcular™) that mimics
these healing properties using a nanofiber-reinforced hydrogel
applied without sutures. The optical, mechanical, and biological
properties of BIOcular™ prototypes were evaluated with in vitro and
ex vivo techniques.
Methods: Luna developed an electrospraying/spinning system for
fabrication. Nanofiber alignment was evaluated using the FibrilTool
ImageJ plugin and SEM images. Primary human corneal epithelial
cells (HCECs) were cultured for cytocompatibility testing using
the lactate dehydrogenase assay. UV-Vis spectroscopy was used to
quantify sample transparency at 550 nm, and an Abbe Refractometer
was used to determine the refractive index. Sample degradation was
monitored in simulated tear solution. Photochemical tissue bonding
(PTB) using an Iridix OcuLight GL laser (532 nm, 0.25 W) was
investigated for sutureless adhesion using 0.01-0.1% rose bengal.
Results: Luna’s unique dual electrospinning/spraying setup was
used for pilot-scale production. Cytocompatibility tests with HCECs
indicated dressings were nontoxic as compared to low density
polyethylene positive controls. UV-Vis spectroscopy showed >85%
transmission of 550 nm light for a hydrated dressing, and the
refractive index was 1.335. Using image processing of SEM images,
Luna confirmed alignment of the nanofiber-reinforcing layers and
demonstrated control over the degree of alignment during production,
with final dressings having an anisotropy value >0.2. Luna utilized
532 nm light to adhere the dressing to the surface of an excised rabbit
eyeball using PTB with rose bengal. Rose bengal was incorporated
in the hydrogel component of the dressing and achieved adhesion to
the surface with no cytotoxic effect to HCECs at 0.05% wt/vol. Luna
demonstrated controlled degradation (5 min to 4 wk) in simulated
ocular fluids by altering hydrogel crosslinking.
Conclusions: Luna successfully demonstrated the feasibility of this
ocular biomaterial to stimulate corneal surface healing. The dressing
was found to have a refractive index of 1.335, transmission of 85%
for 550 nm light, and to be cytocompatible with primary human
corneal epithelial cells. In vivo studies are ongoing in a rabbit model
for corneal defects to demonstrate improved healing and establish
photochemical tissue bonding in vivo.

Luna’s BIOcular™ dressing
Commercial Relationships: Lauren A. Costella, Luna Innovations
(E); Matthew Patterson, Luna Innovations (E); Robert Redmond,
Luna Innovations (C); Andrew Eiseman, Luna Innovations (C);
Christopher Tison, Luna Innovations (E)
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Role of MMP13 in Wound Healing in the Diabetic Mouse Cornea
Patrick S. Lee, Haijing Sun, Nan Gao, Fushin X. Yu. Ophthalmology,
Wayne State University School of Medicine, Detroit, MI.
Purpose: Matrix metalloproteinases (MMPs) are a family of
zinc-dependent proteinases thought to regulate the process of wound
repair. MMP-13 is one of three mammalian MMPs able to cleave
fibrillar collagen, a key component of the extracellular matrix and
basement membrane, a critical step in wound healing. This study
sought to investigate the role of MMP-13 in the wound healing
process and its role in the dysfunction observed with diabetic wound
healing.
Methods: Corneas were wounded by debridement and allowed to
heal in vivo. Epithelium was collected and assessed using qRTPCR, western blotting, and immunohistochemistry. Fluorescein
staining was used to assess wound size after debridement. Inhibitors
and recombinant protein were subconjunctivally injected prior to
epithelium-wounding and their effects on the rate of epithelial wound
closure were determined.
Results: Corneal epithelial expression of MMP-13 was found to be
increased after wounding in normal B6 mice, as shown by real-time
PCR, regular PCR, western blotting, and immunohistochemistry. This
increase in expression was significantly attenuated in streptozotocininduced diabetic B6 mice after wounding. MMP-13 inhibitor
administered by subconjunctival siRNA injections in wounded mice
resulted in a decrease in the rate of wound healing, reproducing the
effects of delayed wound healing observed in diabetic corneas.
Conclusions: MMP-13 expressed in corneal epithelial cells
plays a role in the corneal epithelial wound healing process.
The hyperglycemia-suppressed expression of MMP-13 may be
responsible in part for the delayed wound healing observed in
diabetic neurotrophic keratopathy.
Commercial Relationships: Patrick S. Lee; Haijing Sun, None;
Nan Gao, None; Fushin X. Yu, None
Support: NH Grant EY010869
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Corneal wound healing mechanisms modulated by novel
antimicrobial peptides
Anne Kasus-Jacobi1, 2, Amanda J. Stock1, Gina L. Griffith3,
H A. Pereira1, 2. 1Pharmaceutical Sciences, University of Oklahoma
Health Sciences Center, Oklahoma City, OK; 2Oklahoma Center
for Neuroscience, University of Oklahoma Health Sciences Center,
Oklahoma City, OK; 3Ocular Trauma, United States Army Institute
for Surgical Research, San Antonio, TX.
Purpose: Corneal abrasion is the most common eye injury. If corneal
re-epithelialization is not optimal bacterial infection and vision
loss can occur. The neutrophil protein CAP37 has wound healing
and antimicrobial properties and our goal is to develop therapeutic
peptides derived from CAP37 for the treatment of corneal abrasion
and vision-threatening bacterial keratitis. This study was designed to
identify membrane receptor(s) mediating the wound-healing effects
of CAP37 and CAP37-derived bioactive peptides in corneal epithelial
cells.
Methods: Corneal re-epithelialization was measured using a mouse
corneal epithelium abrasion model, with and without treatment with
CAP37 or derived peptides. To identify the receptors that mediate
re-epithelialization induced by CAP37, we used an innovative
ligand-based receptor capture method based on a TriCEPS reagent
that features (1) an NHS group for coupling with the ligand protein,
(2) a hydrazine cross-linker for coupling to the receptor, and (3) a
biotin for purification of the complex. Interactions of CAP37 and
its bioactive peptides with potential receptor candidates were then
confirmed in vitro, using ELISA and far-dot-blotting analysis.
Results: We found that full-length CAP37 and CAP37-derived
peptides based on a specific domain of the native CAP37 could
accelerate corneal re-epithelialization in a mouse abrasion model.
Using CAP37 coupled with TriCEPS on human corneal epithelial
cells, we identified 17 proteins as most likely candidates to interact
specifically with CAP37. Surprisingly, none of these candidates was
a membrane receptor. Four potential candidates were tested in vitro
for interaction with CAP37 and the calgranulin proteins S100-A8
and S100-A9 were confirmed to interact specifically and significantly
with CAP37 and two of the bioactive peptides tested.
Conclusions: S100-A8 and S100-A9 are ligands of the receptor for
advanced glycation end-products (RAGE) and are important players
in ocular surface inflammatory diseases through the activation of
Toll-like receptor 4 (TLR4). We speculate that a physical interaction
of CAP37 and its peptides with S100-A8 and S100-A9 could
modulate the activation of RAGE and/or TLR4 on corneal epithelial
cells, thus promoting corneal wound healing. These findings will be
key to optimization and translation of CAP37-derived peptides into
innovative therapeutics with the dual effects of killing pathogens and
promoting wound healing.
Commercial Relationships: Anne Kasus-Jacobi, OUHSC
(P); Amanda J. Stock, None; Gina L. Griffith, OUHSC (P);
H A. Pereira, OUHSC (P)
Support: NIH Grant EY026229-01A1, Oklahoma Center for the
Advancement of Science and Technology (OCAST) Grant HR15-108
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Neutrophil Extracellular Traps (NETs) delay Epithelial Wound
Healing in-vitro: Implications in chronic Ocular GVHD
Satyabrata Sinha, ILANGOVAN RAJU, SEUNGWON AN,
Anubhav Pradeep, Bayasgalan Surenkhuu, Anisha D’costa, PeiYu Wu, Shilpa Gulati, Azucena Lopez, Christine Mun, Anna Ahn,
Sandeep Jain. Ophthalmology and Visual Sciences, UIC EAR &
EYE INFIRMARY, Chicago, IL.
Purpose: Previously we have observed numerous neutrophils
admixed with epithelial cells in tear fluid and mucoid debris in
patients with ocular GVHD (oGVHD). Through these experiments
we tried to determine whether epithelial cells contribute to formation
of NETs and whether NETs effect epithelial healing or expression of
cytokines/chemokines.
Methods: Immortalized Human Corneal Epithelial cells (HCETs)
were cultured in DMEM growth medium with 10% FBS. Human
neutrophils were isolated from peripheral blood. Cells were cultured
in 96-well plates seeded with 30,000 cells per well. Upon 100%
confluency, a scratch-wound was generated in each well using
the IncuCyte Wound maker kit and images were taken using the
IncuCyte Zoom system. The following experimental conditions were
employed. (i) Epithelial cells only; (ii) Epithelial cells + 1nM PMA;
(iii) Epithelial cells + 10nM PMA (iv) Epithelial cells + Neutrophils;
(v) Epithelial cells + Neutrophils + 1nM PMA and lastly; (vi)
Epithelial cells + Neutrophils + 10nM PMA. Neutrophils were added
in serum free RPMI medium and incubated. Images were captured for
every 8 h and quantitated the wound healing by IncuCyte software.
Results: At 0 h time point the relative density of cells in the scratch
wound region were at baseline (0). On addition of neutrophils to
the epithelial cells there was a decline in the rate of closure of the
scratch wound, with relative cell density in the wound being -2.83
± 3.4 compared to 75.34 ± 11.38 when no neutrophils were added.
Furthermore, this reduction was significantly higher in PMA
pre-incubated epithelial cells [-5.9 ± 6.98 for 1nM PMA treated group
(p≤ 0.0001) and -29.38 ± 3.67 for 10nM PMA treatment
(p≤0.0001). Our results also showed elevated levels of the cytokine
FGF2 in the supernatant of epithelial cells in presence of neutrophils
(9.15 ± 0.85). However, the levels of FGF2 were significantly
higher in the PMA treated epithelial cells [13.5 ± 0.5 for 1nM PMA
treatment (p ≤ 0.04) & 20.05 ± 1.05 (p ≤0.01) for 10nM PMA
treatment] as compared to untreated control.
Conclusions: NETs retard epithelial wound closure in-vitro
therefore, may contribute to non-healing epithelial defects in chronic
oGVHD. Expression of FGF2 during NETs-epithelial interaction may
contribute to sub-epithelial fibrosis in chronic oGVHD.
Commercial Relationships: Satyabrata Sinha, None;
ILANGOVAN RAJU, None; SEUNGWON AN, None;
Anubhav Pradeep, None; Bayasgalan Surenkhuu, None;
Anisha D’costa, None; Pei-Yu Wu, None; Shilpa Gulati, None;
Azucena Lopez, None; Christine Mun, None; Anna Ahn, None;
Sandeep Jain, None
Support: National Eye Institute (NEI) R01 EY024966 and Research
to Prevent Blindness
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Effects of exogenous recombinant human bone morphogenic
protein-7 on the corneal wound healing
Jin Kwon Chung. Ophthalmology, Soonchunhyang University
College of Medicine, Soonchunhyang University Seoul Hospital,
Seoul, Korea (the Republic of).
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Purpose: We evaluated the effect of exogenous recombinant human
bone morphogenic protein-7 (rhBMP-7) on transforming growth
factor-β (TGF-β)-induced corneal fibrosis. and wound healing.
Methods: We evaluated epuithelai mesenchymal transition (EMT)
markers such as fibronectin, E-cadherin, α-smooth muscle actin
(α-SMA), and matrix metaloproteinase-9 (MMP-9). The level of
corneal fibrosis and the reepithelization rate were evaluated using
a rabbit keratectomy model. Keratocytes expressing α-SMA were
quantified following treatment with different concentrations of
rhBMP-7.
Results: Treatment with rhBMP-7 attenuated TGF-β-induced
EMT. It significantly attenuated fibronectin secretion, the α-SMA
protein level, and MMP-9 expression in HECEs compared with
cells grown in the presence of TGF-β alone. E-cadherin expression
was significantly enhanced in the presence of rhBMP-7. Topical
application of rhBMP-7 combined with 0.1% HA significantly
reduced the amount of α-SMA+ cells by at a concentration of 2.5 µg/
ml and at a concentration of 25 µg/ml (P < 0.05 for both)), compared
with the control group, without disturbing corneal reepithelization.
Conclusions: rhBMP-7 attenuates TGF-β-induced EMT in vitro, and
topical application of rhBMP-7 reduces keratocyte myodifferentiation
during the early wound healing stages in vivo without hindering
reepithelization.
Commercial Relationships: Jin Kwon Chung
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Treatment of persistent epithelial defects with the regenerating
agent (RGTA)
Michael Moeller-Hansen1, Nina Jakobsen1, 2, Javier Cabrerizo1, 2.
1
The Eye Clinic, Rigshospitalet-Glostrup, Copenhagen, Denmark,
Herning, Denmark; 2Copenhagen Eye Foundation, Copenhagen,
Denmark.
Purpose: The treatment of persistent epithelial defect (PED)
represents a challenging condition where delayed treatment can
lead to poor visual outcomes secondary to stromal fibrosis and
neovascularization. Regenerating agents (RGTA) are a promising
non-invasive treatment option, however, due to the lack of long series
and the heterogeneity of the patients, the efficacy of the treatment
remains unclear. Our study aims to assess the clinical results of
RGTA topical treatment in PEDs.
Methods: We report a retrospective cohort study of 24 consecutive
eyes (21 patients) treated with the RGTA (Cacicol, Théa, France)
due to PED in a tertiary referral center. All cases underwent previous
conventional topical medication without resolution of PED. Lesion
area by slit lamp examination, were reported 3, 6 and 9 weeks after
the onset of the treatment. Underlying diagnosis, previous ocular
treatments, and adverse events were monitored throughout the study.
Results:
Mean time from diagnosis of PED to the date treatment with RGTA
was initiated was 91±108 days. During the 9 weeks follow-up 18
eyes (75%) healed, 4 patients (17%) remained with a PED, and 2
patients (8%) underwent a penetrating keratoplasty. No adverse
events were reported during treatment.
Conclusions:
RGTA seems to be effective in promoting epithelial healing in PED
as 75% of the eyes with PED healed within the 9 weeks of follow-up.
Conventional treatment regimen now includes topical treatment with
autologous serum drops (ASD), which in previous studies has proven
successful in healing 46.7–68% of eyes with PED within 1 month of
starting ASD (1). Further randomized, controlled trials are needed to
help to further establish benefits of RGTA in the different etiologies
of PED.

1: Jeng, B. H. and W. J. Dupps, Jr. (2009). “Autologous serum 50%
eyedrops in the treatment of persistent corneal epithelial defects.”
Cornea 28(10): 1104-1108.
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Superior and Inferior Corneal Epithelial Long Term Remodeling
in Myopic Corrections with Small Incision Lenticule Extraction
(SMILE)
Priya Patel1, A. J. Kanellopoulos1, 2. 1Dept of Ophthalmology, New
York University, West Orange, NJ; 2Laservision.gr Institute, Athens,
Greece.
Purpose: To assess the reactive changes of the superior and inferior
corneal epithelial thickness profile induced by small incision lenticule
extraction (SMILE) for treatment of myopia.
Methods: This prospective observational study included 16 eyes that
were scheduled for myopic SMILE. Optical coherence tomography
(OCT) was applied to measure corneal epithelial thickness superiorly
and inferiorly within the central 5-mm zone preoperative and
postoperatively at various time points.
Results: The average superior epithelial thickness increased
from 51.4 ± 2.9 μm preoperatively to 55.9 ± 4.2 μm 6 months
postoperatively and the average inferior epithelial thickness increased
from 52.8 ± 3.0 μm to 57.2 ± 3.5 μm respectively. Average epithelial
thickness increased 0.84% superiorly and 1.28% inferiorly of the
preoperative thickness at 24 hours postoperatively, 2.4% and 4.8%
at 1 week, 8.7% and 7.4% at 1 month, 9.6% and 8.4% at 3 months
respectively.
Conclusions: In this initial study of corneal epithelial thickness
remodeling after myopic SMILE, significant epithelial thickening
remains stable 3 months after the treatment superiorly and inferiorly.
Commercial Relationships: Priya Patel; A. J. Kanellopoulos,
i-Optics (C), Allegran (C), ISP Surgical (C), Zeiss (C), Keramed (C),
Avedro (C), Alcon (C)
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An ex vivo model using porcine eyeballs for wound healing
studies
Mario Crespo-Moral1, Laura Soriano-Romani1, 2, Antonio LópezGarcía1, 2, Yolanda Diebold1, 2. 1Ocular surface group, IOBA
- University of Valladolid, Valladolid, Spain; 2Biomedical
Research Networking Center on Bioengineering, Biomaterials and
Nanomedicine (CIBER-BBN), Valladolid, Spain.
Purpose: There is a need to improve experimental 3D models to
deepen the knowlegde of wound healing physiopathology. Ex vivo
models can be the closer approach to the in vivo situation. Adequate
levels of thrombospondin (TSP)-1 and transforming growth factor
(TGF)-β are pivotal in the wound healing process. Thus, our aim was
to use an ex vivo porcine model of wound healing and to study its
response after TSP-1 and TGF-β exposure.
Methods: Porcine eyeballs (n = 30), obtained from a local
slaughterhouse, were washed and desinfected in povidone iodade.
Then, anterior surfaces were isolated and 4% agar aded in the
inner face to maintain the normal curvature of the eye. Wounds in
central cornea were done using 1-hepthanol (n=15) or a crescent
knife (n=15). Pictures of fluorescein-stained wounds were taken
to determine wound size after 24, 48, 72, and 96h. Then, corneas
were processed for histology analysis. Micrographs of hematoxylineosin and TUNEL-stained corneal tissue sections (5 µm) were
analyzed to characterize the wound and identify apoptotic cells.
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Mechanically-induced wounds (n=12) were then treated with human
TSP-1, anti-TSP-1 antibody, TGF-β, or PBS (control) for 24h.
Wound size was evaluated with fluorescein solution at 0, 24, 48,
and 72 h after the treatments. The ratio wounded area/total corneal
surface was calculated using ImageJ software. Results showed %
of wound healing (wounded area x 100/total corneal area) relative
to the baseline (wounded area 24h after treatment=100 %). Data
(mean±SEM) were analized using the Student’s t test.
Results: At 24h, mechanically-induced wounds affected to the 15±3;
% of the corneal area whereas 1-hepthanol-induced wounds affected
to the 20±8; %. Both ways of wounding only damaged epithelial cell
layers at times 0 and 24h, but showed TUNEL positive cells in the
central stromal area under the wound after 48 and 72h. Mechanicallyinduced wounds showed a mean wound size of 16±4; %. Control and
TSP-1-treated wounds closed after 72h. However, TGF-β-treated
wound size was higher at 48 and 72h than that of control and TSP1-treated wounds. Anti-TSP-1-treated wound size increased at each
time point and never reached fully closure.
Conclusions: We have optimized an ex vivo wound healing porcine
model on which the effect of TSP-1 and TGF-β was tested. This ex
vivo short-term (3-5 days) model of wound healing may serve as a
research tool to test potential therapeutic molecules.
Commercial Relationships: Mario Crespo-Moral, None;
Laura Soriano-Romani, None; Antonio López-García, None;
Yolanda Diebold, None
Support: FEDER-CICYT grant (Reference Number:
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Corneal woundhealing model employing a bioreactor
Ioana-Sandra Tarau1, Richard Schmid2, Christian Lotz3,
Angela Rossi2, Sebastian Schürlein3, Heike Walles3,
Florian Groeber-Becker2, Jan Hansemann2, Jost Hillenkamp1.
1
Ophthalmology, Augenklinik des Universitätsklinikums Würzburg,
Würzburg, Germany; 2Translationszentrum “Regenerative Medizin”
des Fraunhofer-Instituts für Grenzflächen- und Bioverfahrenstechik
IGB, Würzburg, Germany; 3Lehrstuhl für Tissue Engineering
und Regenerative Medizin der Universität Würzburg, Würzburg,
Germany.
Purpose: Corneal wound healing disorders are a common problem
worldwide and ex vivo and in vitro models are needed to develope
new thearpies. The deterioration of ex vivo models in longterm
studies remains a challenge, therefore we designed a standardized
ex vivo porcin wound healing model, integrating a bioreactor and
compared it with a static culture condition. The cornea bioreactor is
developed to sustain the proliferation state and cell viability of the
corneal tissue.
Methods: Corneas from freshly enucleated porcin eyes were
removed with a scleral ring. A standardized wound was induced
with a Excimer Laser. Afterwards the corneas were cultured in our
bioreactor for 7 days with specific culture mediums. The bioreactor
system is built with two separate media circuits divided by the cornea
explant. On the epithelial site of the cornea, the media is dropping on
the epithelium to ensure an alternation of liquid and air phase. For
the control group, we used a static cell-crown culture with the same
two different culture medias. All corneas were stored in a 4% CO2
Incubator at 37°C.
Results: After 7 days in bioreactor culture a complete
reepithelialization could be observed by a fluorescein staining test.
In comparison the submers cultured cornea suffered from a severe
epithelial loss and an unchanged stromal wound morphology.

The histology of the bioreactor cultured cornea indicates stromal
regeneration. The cornea in submers culture was blurred and corneal
swelling could be observed while a lower swelling and a higher
clarity could be achieved in the bioreactor cultured cornea.
Conclusions: Our results show the importance of the perfusion
culture for ex vivo tissue. The alternation of liquid and air phase
is a key factor for the growth of the corneal epithelium. With this
bioreactor, we are able to investigate new biomaterials for the corneal
wound healing. Furthermore this bioreactor can be a better alternative
for the storage of human cornea.
Commercial Relationships: Ioana-Sandra Tarau, None;
Richard Schmid, None; Christian Lotz, None; Angela Rossi,
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Outcomes of multiple-dose fibrin glue during in-office
pterygiectomy
Jesus A. Martinez1, 2, Jenny Ha1, Sandra L. Cremers1.
1
Visionary Eye Doctors, Rockville, MD; 2Ophthalmology,
Washington Hospital Center, Washington, DC.
Purpose: We performed a retrospective observational study to
evaluate the safety and cost-benefits of off-label multiple-dose fibrin
glue use in pterygium surgery.
Methods: The charts of eyes of consecutive patients who had
received suture-less primary pterygiectomy from 05/2014 to 04/2016
with fibrin glue (TISSEEL, Baxter Inc., Westlake Village, CA) in
an office-based surgery suite were reviewed. Two ml human sealer
protein concentrate were reconstituted with synthetic fibrinolysis
inhibitor solution and 2 ml calcium chloride solution were combined
with human thrombin. For each surgical case, wearing sterile gloves,
bottle tops were wiped with a new alcohol pad and 0.1-0.15 ml of
each fibrinogen and thrombin solution were withdrawn with sterile
21G and 27G needles, respectively. The solutions remained in the
sterile syringes until needed intraoperatively. A bandage contact
lens was placed for 2 weeks after surgery. Pre and postoperative
complications including graft dehiscence and displacement,
recurrence, dellen, infections, and corneal ulcers, were collected.
The price of glue for single use was compared to that of multiple use
in pterygium surgery (one 4ml package for 10-12 pterygiectomies).
Results: 453 eyes of 385 patients with mean age 46.7±11.7 years
(min-max 19-82) were included. There were 411 nasal, 7 temporal,
and 35 nasal and temporal pterygia. No corneal ulcers were observed.
There were 2 patients with mild graft displacement at 1 day post
op but did not require additional glue or sutures. There were 2
(0.4%) dellen and 3 recurrences (0.6%). Each 4ml package of glue
components was sufficient for 10-12 pterygiectomies resulting in a
waste of 230 USD worth of TISSEEL tissue sealant.
Conclusions: The multiple-dose use of fibrin glue, when prepared in
a sterile manner, is safe and results in reduction of medical waste and
its associated costs. With the indicated single use, 95% of the unused
glue is discarded.
Commercial Relationships: Jesus A. Martinez; Jenny Ha, None;
Sandra L. Cremers, None
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Phototherapeutic keratectomy and matrix ReGeneraTingAgent
(RGTA, polycarboxymethyl glucose sulfate) as a treatment
method in patients with corneal erosion syndrome
Ewa Mrukwa-Kominek, Anna Bonczar, Agnieszka Urgacz-Lechowicz.
Ophthalmology, University Clinical Center, Medical University,
Katowice, Poland.
Purpose: Effectiveness of Phototherapeutic keratectomy with
simultaneous application of matrix ReGeneraTingAgent (RGTA,
polycarboxymethyl glucose sulfate) as a therapy in recurrent corneal
erosion syndrome
Methods: Prospective, randomized study including 35 patients
(39 eyes) with recurrent corneal erosion due to corneal dystrophy
in which PTK (Group 1 -16 eyes) vs PTK with simultaneous
application of the RGTA (Cacicol) eye drops directly after PTK,
before contact lens(Group 2 – 23 eyes). Mean age 51.38 (from 29
to 89). Additionally 0,15 % sodium hyaluronate preservative-free
lubricating eye drops were used. The mean photoablation area was
6,5 mm. BCVA, time to complete healing, recurrence rate, corneal
morphology in confocal microscopy and corneal thickness in anterior
segment optical coherent tomography were assessed. The follow-up
time was 12 months. BCVA, healing time, recurrence rate, corneal
morphology in confocal microscopy and corneal thickness in ASOCT were assessed
Results: BCVA improvement was noted in 78% of cases in group
1 and 86% in group 2. In both groups the stopped recurrence of
corneal erosion and enhanced matrix regeneration were observed.
The average time of epithelialization was 2.35 and 1.73 days in group
1 and 2 respectively (p,0.05). Confocal microscopy images showed
normal epithelium 7 days after the treatment in 77% of eyes in group
1 and 95% in group 2 (p<0.05); Regular shape of keratocyte below
the photoablation area and no objective haze were noticed in 72% and
91% of eyes respectively. No side effects were noted
Conclusions: Regenerating agent improves corneal
reepithelialization, is useful, alternative, noninvasive therapeutic
approach in patients with recurrent corneal erosion
Commercial Relationships: Ewa Mrukwa-Kominek, None;
Anna Bonczar, None; Agnieszka Urgacz-Lechowicz, None
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The Use of a Full-Thickness Corneal Penetration Wound Model
to Simulate Battlefield Ocular Trauma
Gregory A. Hutcheson1, 2, David O. Zamora1, Brian Lund1,
Jeffery Cleland1, Jeffrey C. Rabin2. 1Ocular Trauma Division - US
Army Institute for Surgical Research, UIW Rosenberg School of
Optometry, San Antonio, TX; 2Rosenberg School of Optometry,
University of the Incarnate Word, San Antonio, TX.
Purpose: IED explosions and the shrapnel they generate is the
primary source of penetrating ocular wounds incurred by warfighters
in combat over the last 15 years. Such wounds are difficult to treat
on the battlefield and repercussions of such wounds on other ocular
structures and cells are unknown. The objective of this study was
to develop a reproducible bench top eye puncture model that would
accurately simulate penetrating ocular wounds commonly seen in our
soldiers.
Methods: A prototype device was built using a Murphy 12 DC
solenoid (E-Motion Inc.) and controlled using Lab View Software
(National Instruments). Puncture rods of various gauges and shapes
were attached to the solenoid drive shaft and used to simulate
shrapnel-created full thickness puncture wounds. A high speed video
capture system (nac MEMRECAM HX-4) was used to record and

measure the acceleration, velocity and impact of the puncture head
through Cooper Vision Biofinity soft contact lenses.
Results: The average acceleration of the puncture-head in our system
was calculated at 12.6 m/s, while the average velocity was 1.44 m/s
(n=3). Using the values of the mass of the puncture head-solenoid
shaft device (0.157 kg) and average acceleration, the force on the
solenoid shaft was calculated to be 1.98 N. As such, the average
kinetic energy at impact was 0.16 Joules.
Conclusions: The solenoid penetrating eye injury model successfully
simulated battlefield penetrating ocular injuries in a consistent
and systematic manner. Using this puncture model system, we can
begin to investigate how size, shape and depth of puncture wounds
influences wound healing of the eye. Data generated by this study
will assist in developing novel methods to seal such wounds on the
battlefield.
Commercial Relationships: Gregory A. Hutcheson, None;
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Interleukin-6 expression in an ex vivo model of equine corneal
wound healing
Gil Ben-Shlomo, Rita F. Wehrman. Veterinary Clinical Sciences, Iowa
State University, College of Veterinary Medicine, Ames, IA.
Purpose: The aim of this study was to evaluate interleukin-6 (IL-6)
expression in an ex vivo model of equine corneal wound healing.
Methods: Equine corneas (n=14) were harvested within two hours of
humane euthanasia for reasons unrelated to the study. Corneas were
randomly assigned to wounded (n=8) or unwounded (n=6) controls.
Corneoscleral rims were excised 2mm posterior to the limbus. The
axial cornea was wounded by applying a 6mm filter paper disk
soaked in 1N-NaOH for 60 seconds. Corneas were cultured using an
air-liquid interface model. The rocker was set to bathe the cornea 8
times per minute. The size of the corneal ulcers was measured daily.
Corneas were submitted for histologic evaluation and RNAscope in
situ hybridization for evaluation of IL-6 expression at predetermined
time points of 24, 48 and 72 hours. Interleukin-6 expression was
scored per RNAscope manufacturer guidelines.
Results: All corneal ulcers healed within 72 hours while maintaining
normal architecture and minimal stromal edema. The average IL-6
expression score for wounded corneas was 1.7, 0.93, and 0.2 for T24,
T48, and T72 respectively. The basal epithelial layer expressed the
greatest amount of IL-6 closest to the wound margin. The average
score for unwounded corneas was 0.3 for T24, and 0 for T48 and
T72.
Conclusions: Interleukin-6 expression increases in wounded equine
corneas compared to unwounded ones. The greatest IL-6 expression
is in the basal epithelial layer, close to the wound margin. As the
corneal wound healing progresses, IL-6 expression decreases.
Commercial Relationships: Gil Ben-Shlomo, None;
Rita F. Wehrman, None
Support: This study was partially supported by grants from Iowas
State University, Department of Veterinary Clinical Sciences and The
American Quarter Horse Foundation
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Attenuating Ocular Sulfur Mustard Injury with Restasis
Marion K. Gordon1, Rita A. Hahn1, Peihong Zhou1, Yokechen Chang1,
Kathy K. Svoboda2, Donald Gerecke1. 1Pharmacology & Toxicology,
Rutgers University, Piscataway, NJ; 2Biomedical Sciences, Baylor
College of Dentistry, Texas A&M, Dallas, TX.
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Purpose: Sulfur mustard (SM) exposure to the eye causes injury
via initiating an inflammatory response and inducing matrix
metalloproteinases. In the cornea, epithelial-stromal separation
results. Our goal was to determine whether the immunosuppressive
action of Restasis would promote wound healing of SM-exposed
eyes.
Methods: The right eyes of 6 New Zealand white rabbits were
exposed to 0.4 uL neat SM for 2 hr. Eye injury was followed at 1,
3, 7, 14, 16, 21 and 28 days post exposure via photography and
pachymetry. Right eyes of 6 other rabbits were also exposed to 0.4 uL
SM, but these received a drop of Restasis after the 2 hr exposure, and
a second drop 12 hr later. Restasis treatment was continued twice per
day throughout the 28 day study. Three unexposed rabbits served as
Restasis alone controls.
Results: At 1, 3, 7 and 14 days post exposure the SM-exposed right
eyes were cloudy and irritated in animals exposed to SM and also in
those receiving Restasis after SM. At 14 and 16 day after exposure
some improvement was observed, but corneal cloudiness was still
apparent in both the groups. At 21and 28 days post exposure, corneal
clarity had improved in both groups, but was still not yet optimal.
However, signs of improvement were derived from the fact that, after
28 days, when RNA was extracted from dissected corneas, qPCR
showed that the mRNA level of IL1alpha was 42% lower, the Cox 2
mRNA level was 31% lower, and the MMP-9 mRNA level was 57%
lower in the corneas receiving 28 days of Restasis treatment after SM
exposure, as compared to those exposed to SM without subsequent
therapy.
Conclusions: Ocular SM exposure induces inflammation and matrix
metalloproteinase activity. Restasis treatment after SM exposure
was found at 28 days post exposure to have reduced inflammatory
markers and MMP-9 mRNA levels. However, Restasis did not
fully promote repair of SM injury, as many corneas were still
cloudy. Future work will test whether a combination therapy should
be used targeting the inflammation with Restasis and the matrix
metalloproteinase activity with doxycycline.
Supported by NIAMS U54AR055073
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A Systematic Review of A Matrix Therapy Agent (RGTA) Effect
in Neurotrophic Keratopathy
Dariusz Rokicki1, Ewa Mrukwa-Kominek2. 1Laboratoires Thea,
Clermont-ferrand, France; 2Ophthalmology, University Clinical
Center, Medical University, Katowice, Poland.
Purpose: The objective of this study was to review the cases of
neurotrophic keratopathy with use of a new ReGeneraTing Agent
(RGTA) Cacicol®.
Methods: An analysis was based on documents retrieved
from the literature search. The case reports, in which Cacicol®
poly(carboxymethyl glucose sulfate) had been used in the
management of neurotrophic keratopathy and which were refractory
to conventional therapies were eligible. Bibliometric analysis was
performed using own designed database. In all groups posology,
duration of treatment, healing level and tolerance have been assessed
by descriptive methods.
Results: Through the literature search, 37 eligible reports have been
qualified for the review: 241 eyes of 234 patients were investigated
and grouped based on described etiology: neurological (n=32),
post-infectious (n=30), postoperative (n=23), chemical burns (n=12),

isolated cases (n=34) and unspecified history (n=110). Analysis
revealed that more than 76% of eyes achieved complete corneal
healing regardless of the etiology group. In the most cases, posology
covered 1 drop every other day. The overall complete response rate
increased with time of prolonged RGTA use: almost 60% and 84%
of eyes (N=75) completely healed after 1 and 2 months, respectively.
Recurrent neurotrophic ulcers after the complete healing were
reported in 10 of 73 investigated eyes with available information.
Two cases with safety concerns were observed, but with no causality
assessment of RGTA.
Conclusions: Use of the new matrix therapy agent Cacicol®
facilitates corneal healing. It might be considered as an alternative
approach in the neurotrophic keratopathy management. However
randomized clinical trials are necessary to confirm the promising
effect.
Commercial Relationships: Dariusz Rokicki, Laboratoires Thea
(E); Ewa Mrukwa-Kominek, None
Program Number: 172 Poster Board Number: A0362
Presentation Time: 8:30 AM–10:15 AM
Nicergoline: A Novel Treatment for Persistent Corneal Epithelial
Defect
Valeria Oliva, Jesus Cabral, Juan Carlos Serna-Ojeda,
Victor Boullosa, Arturo J. Ramirez-Miranda, Alejandro Navas,
Enrique O. Graue-Hernandez. Cornea, Institute of Ophthalmology
“Conde de Valenciana”, CDMX, Mexico.
Purpose: Purpose: The aim of this study was to determine the effect
of nicergoline in patients with persistent corneal epithelial defect.
Methods: Methods: This is a retrospective analysis, of consecutive
case series. The study included 10 eyes of 9 patients with persistent
corneal epithelial defect unresponsive to conventional therapy.
Patients were treated with 10 mg nicergoline orally twice a day
for at least 2 weeks. Slit-lamp examination, photography, corneal
fluorescein dye testing, and best- corrected visual acuity were
performed before and after treatment.
Results: Results: Two male and seven female patients with persistent
corneal epithelial defect unresponsive to conventional therapy
treated with oral nicergoline were included. Average age was 60.9
years (51-76 years). The most frequent diagnoses associated with
persistent corneal defect were neurotrophic (3 patients) and exposure
ulcer (2 patients). In eight eyes (72.7%), epithelial defects healed
completely between 10 and 28 days of treatment with nicergoline
(mean resolution time17 days). Epithelial defects persisted in 2 eyes
(27.3%).
Conclusions: Conclusion: Nicergoline represents a potential
therapeutic option in patients with abnormal corneal healing
responses. Further studies and clinical trials need to be conducted
to prove safety and efficacy as a treatment for persistent corneal
epithelium defects in humans.
Commercial Relationships: Valeria Oliva, None; Jesus Cabral,
None; Juan Carlos Serna-Ojeda, None; Victor Boullosa, None;
Arturo J. Ramirez-Miranda, None; Alejandro Navas, None;
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Alterations in Basal Lamina Stiffness Lead to Impaired Epithelial
Cell Migration
Obi E. Onochie, Celeste Rich, Vickery E. Trinkaus-Randall.
Ophthalmology, Biochemistry, Boston University School of
Medicine, Boston, MA.
Purpose: Corneal hypoxia can result from conditions such as
diabetes and corneal infections. Our previous data indicate that
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hypoxia leads to delayed wound healing compared to controls. The
aim of this study is to examine basal lamina compositional changes
and to determine how these alterations affect focal adhesion (FA)
turnover and the machinery involved in migration.
Methods: An ex vivo corneal organ culture model was employed to
examine cell migration and wound healing. Injuries were made using
a 3 millimeter trephine and corneas were incubated in normoxia or
hypoxia and fixed at different timepoints for immunohistochemistry
(IHC). An in vitro scratch wound model was employed with human
corneal limbal epithelial (HCLE) cells. After injury, cultures were
fixed for IHC or probed for western blot analysis. Live cell assays
were performed to examine HCLE migration on fibronectin (FN) or
collagen IV (coll IV)-coated polyacrylamide gels covering a range
of stiffnesses. HCLEs were transfected with mCherry-vinculin and
seeded onto gels of varying stiffness to determine alterations in FA
turnover along wound edges. Traction force microscopy (TFM) was
employed to study changes in force dynamics of HCLES and corneal
epithelial sheets on FN-coated substrates.
Results: Wounded corneas exposed to hypoxia present with
alterations in both the morphology of the leading edge and the
composition of the basal lamina. Under hypoxia, the leading edge is
blunt and localization of fibronectin appears to be intracellular. Cell
morphology, size, and motility is affected by the change in substrate
stiffness. Stiffness also played a role in mediating characteristics of
FAs present in organ and cell culture. Expression and localization of
vinculin Y1065, paxillin Y118, and vinculin Y822 are altered in our
organ culture model and in vitro system. Western blot analysis shows
that after wounding, phosphorylation is greatest at the initial stages
of migration. Furthermore, as substrate stiffness increased, FA count
along the leading edge decreases, FA size increases, and changes in
FA turnover and force is observed.
Conclusions: Using model systems and live cell assays we can
investigate impaired wound healing in various pathologies involving
corneal hypoxia. Determining alterations in basal lamina composition
and stiffness and characterizing the changes in regulation of FA
proteins, will allow for the development of treatment modalities.
Commercial Relationships: Obi E. Onochie, None; Celeste Rich,
None; Vickery E. Trinkaus-Randall, None
Support: NIH EY06000-S1
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A Compressed Collagen Gel Vehicle for Stem Cell Therapy of
Wounded Corneas
Martha L. Funderburgh1, Kyle J. Sylakowski2, Irona Khandaker1,
Golnar Shojaati1, James L. Funderburgh1. 1Department of
Ophthalmology, Univ of Pittsburgh Sch of Med, Pittsburgh, PA;
2
Pathology, University of Pittsburgh, Pittsburgh, PA.
Purpose: Human corneal stromal stem cells (CSSC) delivered in
fibrinogen to the corneal stroma suppress corneal scarring in a mouse
wound healing model. Additionally, CSSC have been reported to
promote regression of human scars. Treatment with CSSC requires
cultures at a specific density and passage. A broad application of
stem cell-based corneal therapy would be facilitated by availability
of a standardized stable reagent suitable for storage and shipment
to venues not equipped with GMP cell culture facilities. Our
study examined the hypothesis that delivering CSSC embedded in
compressed collagen gels could satisfy these needs.
Methods: CSSC were isolated from limbal stroma of human
corneal rims and applied to wounded mouse corneas in fibrinogen as
previously described (PMID: 25504883). CSSC in passage 3 were
embedded in acid-soluble rat tendon collagen, gelled at 37 C and
compressed using RAFTtm absorbers (Lonza). Corneal scarring was

assessed visually in masked fashion two weeks after wounding and
expression of fibrotic mRNA in wounded corneas was assessed by
qPCR. Gels loaded with CSSC were cryopreserved in 20% FBS10%DMSO in liquid nitrogen. Significance was determined with
t-tests with Dunn’s post-hoc analysis using p<0.05 as a criterion.
Results: Collagen gels containing CSSC could be compressed to 100
µm thickness from which 2 mm disks were punched using a trephine.
The disks adhered securely to de-epithelialized mouse cornea with
fibrin-based tissue adhesive, and embedded cells remained viable
and visible. After 48 hr in vivo, neither gels nor CSSC were present
on the ocular surface. Visible scarring was effectively prevented by
as few as 500 CSSC in the gels (p<0.001, n=8) and expression of
collagen 3A mRNA was reduced (p<0.05, n=3). CSSC in collagen
blocked scarring more effectively on a per-cell basis than CSSC in
fibrinogen (p<0.01, n=8). Gels were dimensionally stable and CSSC
in the compressed gels remained >80% viable after 1 week in culture
media. The collagen-embedded cells retained the ability to suppress
corneal scarring after 2 weeks of conventional cryopreservation
(p<0.01, n=6).
Conclusions: Stem cell-based therapy has high potential for
prevention as well as regression of corneal scarring. The current
study demonstrates a method of applying CSSC to cornea that
facilitates storage and handling of cells in a manner that may allow
off-the-shelf delivery of stem cells for corneal scarring.
Commercial Relationships: Martha L. Funderburgh,
None; Kyle J. Sylakowski, None; Irona Khandaker, None;
Golnar Shojaati, None; James L. Funderburgh, None
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Thermal injuries of the cornea: Injury patterns and
histopathology
Karel Capek1, Stefan D. Trocmé1, 2, Kevin Merkley3,
Hal K. Hawkins4, 5, Carlos J. Jimenez1, 6, Celeste C. Finnerty7, 6,
David N. Herndon1. 1Burn Surgery, Shriners Hospitals for Children,
Galeston, Galveston, TX; 2Ophthalmology, MD Anderson Cancer
Center, Houston, TX; 3Ophthalmology, University of Texas Medical
Branch, Galveston, TX; 4Pathology, Shriners Hospitals for Children,
Galveston, Galveston, TX; 5Pathology, University of Texas Medical
Branch, Galveston, TX; 6Surgery, University of Texas Medical
Branch, Galveston, TX; 7Research, Shriners Hospitals for Children,
Galveston, Galveston, TX.
Purpose: Thermal injuries of the cornea are rarely encountered in
burn unit patients; here we report a series of 10 patients treated over
the last 3 years. Sloughed tissue was submitted for histology when
available.
Methods: We identified the records of all patients treated for thermal
injuries of the cornea from 2013-present. Demographics, injury
characteristics, initial eye exam findings, photographs, treatment,
eye outcome, and mortality were reviewed. Histology slides and
pathology reports were reviewed if available. Data are presented as
average +/- standard error.
Results: Ten patients sustained 17 corneal injuries at the time of burn
injury. The average age was 21 +/-6 years. The average total body
surface area burned was 48 +/- 6%. Four patients were injured in
closed-space fires. All 4 sustained bilateral injuries comprising the
entire corneal surface. Histology indicated the depth of the sloughed
tissue varied between partial epithelial thickness to full-thickness
epithelial and fragments of superficial stromal collagen. Three
patients suffered flash/flame burns to the face, without closed-space
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fire. These 3 had unilateral corneal lesions located in the palpebral
fissure. The final 3 patients demonstrated early, bilateral, inferior
epithelial lesions which progressed despite treatment in 2. All 3 of
these patients developed multi-organ failure, with 2 succumbing to
their injuries.
Amniotic membrane coverage was used in 9 of 10 patients. Corneal
healing was achieved with a single treatment in 4. Amnion was
re-applied in 5 patients, with eventual re-epithelialization in 3. Two
patients were refractory to amnion treatment; both had multi-organ
failure. One developed descemetocele, and the ocular surface was
stabilized via Gundersen flap. The other suffered corneal perforation.
Both patients ultimately succumbed to their injuries.
Conclusions: To our knowledge, this is the largest series of acute
corneal thermal injuries reported to date. Three patterns of injury
are identified: complete bilateral injury of varying depth seen in
closed space fires, unilateral interpalpebral focal lesions seen in

flash thermal injury, and fulminant progression of an initial localized
inferior epithelial injury seen in critically-ill patients with multi-organ
failure. Overall, re-epithelialization was achieved in 7 of 9 patients
treated with amnion, while failure was observed in 2 of the 3 patients
with multi-organ failure.
Commercial Relationships: Karel Capek; Stefan D. Trocmé,
None; Kevin Merkley, None; Hal K. Hawkins, None;
Carlos J. Jimenez, None; Celeste C. Finnerty, None;
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