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203 Corneal Wound Healing
Monday, May 08, 2017 8:30 AM–10:15 AM
Ballroom 2  Paper Session
Program #/Board # Range: 1172–1178
Organizing Section: Cornea

Program Number: 1172
Presentation Time: 8:30 AM–8:45 AM
Phase I/II randomized, double-masked, vehicle-controlled trial of 
recombinant human nerve growth factor (rhNGF) eye drops in 
stage 2/3 neurotrophic keratitis
Flavio Mantelli, Marcello Allegretti, Wendy Chao, Isabella Filatori, 
Paolo Battigello, Valentina Vaja, Jennifer Goodman, 
Francesco Sinigaglia. Ophthalmology, Dompé farmaceutici SpA, 
Milan, Italy.
Purpose: Neurotrophic keratitis (NK), a rare degenerative corneal 
disease, lacks effective therapies. As the underlying pathology is 
damage to the trigeminal nerve and loss of corneal innervation, 
treatment with nerve growth factor (NGF) is surmised to promote 
healing of moderate (stage 2) to severe (stage 3) NK.
Methods: A Phase I/II multicenter, randomized, double-masked, 
vehicle-controlled trial compared safety and efficacy of recombinant 
human NGF (rhNGF) eye drops (10 or 20 μg/ml) vs vehicle, 6 drops/
day for 8 weeks, in patients with NK stage 2 (persistent epithelial 
defect) or 3 (ulcer). Phase I assessed safety in 18 patients randomized 
7:7:4 to rhNGF 10 μg/ml, 20 μg/ml or vehicle. Phase II assessed 
safety and efficacy in 156 patients randomized 1:1:1 to rhNGF 10 μg/
ml, 20 μg/ml or vehicle. Complete corneal healing (<0.5mm corneal 
fluorescein staining) was assessed at week 4 (primary efficacy 
endpoint) and week 8 (secondary endpoint). Complete absence of 
staining (0mm in the corneal lesion area and no persistent residual 
staining elsewhere) was analyzed post hoc. Missing values were 
imputed using the last observation carried forward.
Results: Table 1 summarizes the efficacy analyses. At week 4, 
19.6% of patients receiving vehicle healed completely vs 54.9% 
receiving rhNGF 10 μg/ml (Δ35.3%; 97.06% confidence interval 
[CI] 15.88–54.71; P<0.001) and 58.0% receiving rhNGF 20 μg/
ml (Δ38.4%; 97.06% CI 18.96–57.83; P<0.001). At week 8, 43.1% 
of patients receiving vehicle healed completely vs 74.5% receiving 
rhNGF 10 μg/ml (Δ31.4%; 97.06% CI 11.25–51.49; P<0.001) and 
74.0% receiving rhNGF 20 μg/ml (Δ30.9%; 97.06% CI 10.60–51.13, 
P<0.002). Exploratory comparison of differences between rhNGF 
doses was not significant at week 4 or 8. Post hoc analysis of 
complete absence of staining at weeks 4 and 8 (Table 2) maintained 
statistically significant differences between rhNGF and vehicle 
groups and showed consistently higher percentages in the rhNGF 20 
μg/ml group. rhNGF was well tolerated; adverse effects were mostly 
local, mild and transient.
Conclusions: rhNGF is safe and more effective than vehicle in 
promoting healing of stage 2/3 NK.

Table 1. Analysis of complete corneal healing (<0.5mm fluorescein 
staining)

Table 2. Post hoc analysis of complete absence of staining (0mm 
staining in the corneal lesion area; no persistent residual staining 
elsewhere)
Commercial Relationships: Flavio Mantelli, Dompé farmaceutici 
SpA (E); Marcello Allegretti, Dompé farmaceutici SpA (E); 
Wendy Chao, Dompé farmaceutici SpA (E); Isabella Filatori, 
Dompé farmaceutici SpA (E); Paolo Battigello, Dompé 
farmaceutici SpA (E); Valentina Vaja, Dompé farmaceutici 
SpA (E); Jennifer Goodman, Dompé farmaceutici SpA (E); 
Francesco Sinigaglia, Dompé farmaceutici SpA (E)
Clinical Trial: NCT01756456

Program Number: 1173
Presentation Time: 8:45 AM–9:00 AM
Nerve regeneration by human corneal stromal keratocytes 
(CSKs) and stromal fibroblasts (SFs)
Gary Hin-Fai Yam, Geraint P. Williams, Matthias Fuest,  
Xiao-Wen Lee, Lei Zhou, Jodhbir Mehta. Singapore Eye Research 
Institute, Singapore, Singapore.
Purpose: Laser refractive surgeries reshape corneal stroma to correct 
refractive errors, but unavoidably affect corneal nerves, resulting 
in desensitization and neuro-epitheliopathy. After injury, surviving 
CSKs are activated to become SFs for wound healing. Here, we 
studied how these 2 phenotypically and functionally different cell 
types influence nerve regeneration.
Methods: Human CSKs and SFs were cultured from same donor 
stroma (n=6). Primary cells were characterized to express respective 
markers for CSK (keratocan, lumican, ALDH3A1) and SF (Thy1, 
5B5). Serum-free media were conditioned, concentrated and applied 
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to an in vitro chick dorsal root ganglion model. The extent of neurite 
outgrowth at 72 hours was quantified by the validated concentric 
circle intersection count method. The protein composition of 
conditioned media (CM) was profiled by Bio-Plex Human Cytokine 
assay and nanoLC-MS/MS with Enriched Gene Ontology (GO) 
Term analysis (Database for Annotation, Visualization and Integrated 
Discovery DAVID v6.8).
Results: SFCM significantly promoted neurite outgrowth in a dose-
dependent manner, compared to CSKCM. An array of neurotrophic 
and pro-inflammatory proteins were detected in SFCM, including IL8 
(P=0.004, Mann-Whitney U test), IL15 (P<0.01), MCP1 (P=0.01), 
Eotaxin (P<0.01) and RANTES (P<0.01), but not in CSKCM. 
MS analysis followed by ProteinPilot search against InterPro 
human protein database identified >130 proteins in SFCM versus 
49 in CSKCM. A list of proteins uniquely present in SFCM had 
reported neuro-regulatory activities and were predicted to regulate 
neurogenesis, focal adhesion and wound healing.
Conclusions: SFCM induced neurite outgrowth dose-dependently 
while CSKCM had negligible effect, suggesting that quality of nerve 
regeneration could be affected by SF density. LASIK photoablation 
induces CSK loss in the interface and retroablation zone. Delayed 
repopulation by SFs that have migrated from the para-ablation region 
will postpone nerve regrowth. Early repopulation of viable CSKs, e.g. 
following small incision lenticule extraction, provides a source of SFs 
that can contribute to more efficient nerve regeneration and quicker 
recovery of corneal sensation.
Commercial Relationships: Gary Hin-Fai Yam, None; 
Geraint P. Williams, None; Matthias Fuest, None; Xiao-Wen Lee, 
None; Lei Zhou, None; Jodhbir Mehta, None
Support: Singapore National Research Foundation under  
its Translational and Clinical Research (TCR) Programme  
(NMRC/TCR/008-SERI/2013), National Medical Research Council, 
Ministry of Health, Singapore.

Program Number: 1174
Presentation Time: 9:00 AM–9:15 AM
Hepatocyte Growth Factor Promotes Corneal Epithelial Repair 
by Inhibiting the Antiproliferative Effect of Inflammation on 
Epithelial Cells
Mingshun Li, Afsaneh Amouzegar, Sharad Mittal, Srikant 
Kumar Sahu, Sunil Chauhan. Schepens Eye Research Institute, Mass 
Eye & Ear, Harvard Medical School, Boston, MA.
Purpose: Hepatocyte growth factor (HGF) is a mitogen and motility 
factor that regulates epithelial cell function. In the present study, we 
investigated the effect of HGF on corneal epithelial cell regeneration 
in inflamed conditions both in vitro and in vivo in a mouse model of 
corneal injury.
Methods: Immortalized human corneal epithelial cells (HCEC) were 
grown in supplemented keratinocyte serum-free medium (KSFM) in 
the presence or absence of IL1β with or without 100ng/ml HGF, and 
cell proliferation was evaluated using bromodeoxyuridine labeling. 
The in vitro effect of HGF on inflammatory cell activation was 
evaluated by stimulating CD11b+ immune cells with IL1β, with or 
without HGF, and assessing expression of MHC-II, IL1β, and TNFα 
using flow cytometry and RT-PCR. Corneal injury was induced in 
C57BL/6 mice by mechanical removal of the epithelium, and either 
0.1% murine recombinant HGF or mouse serum albumin was applied 
topically to mice twice a day for 7 days. Corneal fluorescein staining 
was performed daily to evaluate epithelial regeneration. Corneas were 
harvested on day 3 post-injury to evaluate CD45+ cell infiltration, 
proliferating Ki67+ epithelial cells, and inflammatory cytokine 
expression using immunohistochemistry and RT-PCR.

Results: HCEC proliferation was significantly increased in cells 
cultured in supplemented KSFM in the presence of HGF compared 
to supplemented KSFM alone (p<0.02). While the addition of IL1β 
to the culture medium suppressed HCEC proliferation (p<0.016), 
HGF significantly reversed the inhibitory effect of IL1β on epithelial 
cell proliferation (p<0.01). Furthermore, HGF substantially inhibited 
upregulation of MHC-II activation marker and significantly 
suppressed the expression of IL1β and TNFα by CD11b+ 
inflammatory cells (p< 0.01). Finally, mice treated with topical HGF 
demonstrated faster corneal epithelial regeneration as elucidated 
by smaller area of corneal fluorescein uptake, higher numbers of 
proliferating Ki67+ cells (p<0.02), less CD45+ cell infiltration into 
the cornea and lower IL1β and TNFα expression levels compared to 
serum albumin-treated controls (p<0.01).
Conclusions: Our data provide evidence that HGF exerts anti-
inflammatory function and promotes corneal epithelial repair during 
injury and inflammation. These findings suggest that HGF may serve 
as a potential novel therapeutic modality for epithelial defects.
Commercial Relationships: Mingshun Li; Afsaneh Amouzegar, 
None; Sharad Mittal, None; Srikant Kumar Sahu, None; 
Sunil Chauhan, None
Support: NIH R01EY024602

Program Number: 1175
Presentation Time: 9:15 AM–9:30 AM
Precision nanomedicine for eliminating corneal fibrosis and 
restoring vision with HGF-BMP7 gene transfer
Michael K. Fink1, 2, Suneel Gupta1, 3, Ratnakar Tripathi1, 3, 
govindaraj anumanthan1, 3, Prashant R. Sinha1, 3, Matthew Faubion1, 4, 
Arkasubhra Ghosh5, Nathan P. Hesemann1, 4, Shyam S. Chaurasia1, 3, 
Elizabeth A. Giuliano3, Rajiv R. Mohan1, 6. 1Harry S. Truman 
Memorial Veterans’ Hospital, Columbia, MO; 2Veterinary 
Pathobiology, University of Missouri, Columbia, MO; 3Veterinary 
Medicine & Surgery, University of Missouri, Columbia, MO; 4Mason 
Eye Institute, University of Missouri, Columbia, MO; 5GROW 
Research Laboratory, Narayana Nethralaya Foundation, Bangalore, 
India; 6Veterinary Medicine & Surgery, Veterinary Pathobiology, and 
Mason Eye Institute, University of Missouri, Columbia, MO.
Purpose: Corneal fibrosis is a leading cause of blindness worldwide. 
Myofibroblast persistence in the stroma after wound healing 
contributes to corneal opacity. Hepatocyte growth factor (HGF) 
is shown to selectively eliminate myofibroblasts via apoptosis in 
multiple non-ocular tissues. Bone morphogenic protein-7 (BMP7) 
modulates Smad signaling to limit excessive corneal wound healing 
and fibrosis. We tested the postulate that nanoparticle-mediated 
HGF-BMP7 combination gene therapy is an innovative approach to 
eliminate corneal fibrosis in vivo using an established corneal fibrosis 
rabbit model.
Methods: In vivo corneal fibrosis in New Zealand White rabbits 
was created by a single topical 0.5N NaOH application following 
IACUC approved protocols and ARVO animal use guidelines. 
Stromal fibroblasts (HSF) were generated from donor human corneas 
and stromal myofibroblasts (HMF) were produced by growing HSF 
in serum-free conditions with 5ng/ml TGFβ1 for in vitro studies. 
HGF-BMP7 gene transfer was conducted using polyethylimine-
DNA nanopaticles as reported previously. Serial slit lamp and 
stereomicroscopy evaluated ocular health and corneal opacity. Real-
time quantitative PCR and immunoblotting were used to quantify 
delivered gene copies and the mRNA and protein of fibrosis markers. 
Immunofluorescence and TUNEL assays evaluated levels of fibrosis 
and apoptosis.
Results: Nanoparticle treatment showed substantial HGF and BMP7 
gene delivery into stroma in vivo (>104 gene copies/ug DNA). HGF-
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BMP7 gene therapy significantly decreased corneal opacity in vivo 
(Fantes scale 3.3 control vs 0.6 treated, p<0.001), and ocular lesion 
severity (Draize scale 30 control vs 5 treated, p<0.01; and modified 
McDonald-Shadduck scoring system 4.1 control vs 0.8 treated, 
p<0.01). Treated corneas contained significantly reduced amounts of 
α-smooth muscle actin, f-actin, collagen-I and collagen-IV mRNA 
(up to 15-fold; p<0.01). Immunofluorescence revealed significantly 
fewer myofibroblasts in the stroma of treated corneas (83%; 
p<0.001). HSF and HMF cultures exposed to HGF showed many 
TUNEL+ apoptotic cells in HMF but not in HSF (>15 TUNEL+ in 
HMF vs <2 in HSF).
Conclusions: In vivo studies demonstrated that combination 
HGF-BMP7 gene therapy would be an effective and safe approach 
to eliminate corneal fibrosis. In vitro studies suggest that HGF 
caused apoptosis only in corneal myofibroblasts. Future studies are 
warranted.
Commercial Relationships: Michael K. Fink, None; Suneel Gupta, 
None; Ratnakar Tripathi, None; govindaraj anumanthan, 
None; Prashant R. Sinha, None; Matthew Faubion, None; 
Arkasubhra Ghosh, None; Nathan P. Hesemann, None; 
Shyam S. Chaurasia, None; Elizabeth A. Giuliano, None; 
Rajiv R. Mohan, None
Support: Veterans Health Affairs 1I01BX00035701 (RRM), 
University of Missouri Ruth M. Kraeuchi Ophthalmology 
Endowment Fund (RRM), and partially from NIH/NEI R01EY17294 
(RRM)

Program Number: 1176
Presentation Time: 9:30 AM–9:45 AM
Engineered FGF-1 derivatives as protective agents in nitrogen 
mustard induced corneal injury
David Eveleth1, Jennifer Eveleth1, Marion K. Gordon2, 
Amuthakannan Subramaniam1, Rita A. Hahn2, Kenneth Thomas1, 
Michael blaber3, Ralph Bradshaw1. 1Trefoil Therapeutics, San Diego, 
CA; 2Rutgers University, Piscataway, NJ; 3Florida State University, 
Tallahassee, FL.
Purpose: Sulfur and nitrogen mustard (NM) are powerful vesicants 
that attack all elements of the cornea but their initial effects are 
primarily on the epithelial cell layer. They act by several mechanisms 
including the alkylation of cysteine residues in proteins and would 
be expected to inactivate native FGF-1. Reductions in FGF-1 and its 
mRNA are known to result from exposure to mustard agents and this 
loss may play a role in the slow healing of mustard-induced lesions in 
the cornea. These experiments test the hypothesis that an engineered 
form of FGF-1, TTHX1114, modified to eliminate the susceptibility 
of native FGF-1 to cysteine modification might accelerate the healing 
of corneal mustard lesions in an organ culture model.
Methods: TTHX1114 lacks free cysteine residues, with two of 
these residues repaced by Ser and Val and the third converted to 
a disulfide bond by the introduction of a A66C substitution. The 
enhanced stability and potency of the factor was evaluated via 
isothermal equilibrium denaturation and X-ray crystallography.
[DE1] Healing[RB2] of corneal lesions generated by NM, followed 
by treatment with TTHX1114, was evaluated in a rabbit corneal 
organ culture system. Lesion severity was graded by histopathology. 
Proliferation of corneal tissue in vitro was evaluated by EdU 
incorporation. Markers of lesion evolution, including ADAM17 and 
clusterin, were measured by immunohistochemistry and ELISA.
Results: TTHX1114 reduced the severity and accelerated the re-
epithelialization of corneal lesions generated by NM as assessed by 
histopathologic grading. NM-induced changes in the expression of 
ADAM17 at the lesion site were reduced by TTHX1114 treatment. 
The upregulation of clusterin expression by NM was reduced by 

TTHX treatment. In the epithelial layer, NM strongly suppresses 
proliferation and TTHX1114 increased the proportion of proliferating 
cells as judged by EdU incorporation.
Conclusions: TTHX1114 can reduce the severity and accelerate 
the healing of corneal lesions making it a potential therapeutic for 
mustard or vesicant injuries. These findings are consistent with the 
view that at least a portion of NM damage is caused by destroying 
native FGF-1, and supports a key role of this factor in maintaining 
normal corneal epithelization.
Commercial Relationships: David Eveleth,  
Trefoil Therapeutics Inc (E); Jennifer Eveleth,  
Trefoil Therapeutics (E); Marion K. Gordon, None; 
Amuthakannan Subramaniam, Trefoil Therapeutics (E); 
Rita A. Hahn, None; Kenneth Thomas, Trefoil Therapeutics (C); 
Michael blaber, Trefoil Therapeutics (F); Ralph Bradshaw,  
Trefoil Therapeutics (E)
Support: NIH/NEI Grant EY026777

Program Number: 1177
Presentation Time: 9:45 AM–10:00 AM
Beta glucogallin, a plant-derived antioxidant and anti-
inflammatory agent, alleviates corneal injury from chloropicrin 
exposure
David A. Ammar2, Dinesh G. Goswami1, Rama Kant1, 
Kristofer S. Fritz1, Daniel V. LaBarbera1, Rajesh Agarwal1,  
J. Mark Petrash2, Neera Tewari-Singh1. 1Pharmaceutical Sciences, 
Univ Colorado Denver, Aurora, CO; 2Ophthalmology, Univ of 
Colorado Denver, Aurora, CO.
Purpose: There are no effective therapies to alleviate corneal injury 
from chloropicrin (CCl3NO2, trichloronitromethane, CP) exposure, 
a broad spectrum fumigant and pesticide which has been employed 
as a warfare agent. CP exposure-induced eye injury is associated 
with lacrimation and inflammation which involves corneal edema 
and damage. Based on completed mechanistic studies, we tested 
the efficacy of beta-glucogallin (BGG), a natural antioxidant and 
anti-inflammatory agent with anti-lipid peroxidation and carbonyl 
scavenger properties, hypothesized as an effective therapy against 
CP-induced corneal injury.
Methods: Efficacy studies were carried out in primary human 
corneal epithelial (HCE) cells following 30 min exposure to 50 
μM CP with and without treatment with either 50 μM BGG or a 
perfluorocarbon oxygen emulsion. Western blot analysis was assessed 
24 h post exposure to determine the CP-induced effects on various 
molecular markers. CP injury was induced in ex vivo rabbit corneas 
by exposing the corneas to 200 nmol CP for 2 h, followed by washing 
and treatment with 10 μl of 500 μM BGG and thereafter every 6 h for 
24 h. Corneal tissue was prepared for subsequent histological (H&E 
staining), immunohistochemical, and western blot analyses.
Results: In primary HCE cells, BGG treatment reduced CP-induced 
increases in cleaved PARP by 35%, H2A.X phosphorylation by 40%, 
MAPK-JNK phosphorylation by 43%, protein carbonylation (biotin 
hydrazide) by 56%, and a complete reversal in lipid peroxidation 
(4-hydroxynonenal, 4-HNE). Preliminary studies in HCE cells 
indicate that application of the oxygen emulsion reduced CP-induced 
phosphophorylated-p53 and cleaved PARP. In ex vivo rabbit corneas, 
BGG treatment resulted in a 31% reversal in CP-induced epithelial 
degradation and complete reversal in CP-induced COX-2 expression 
and protein carbonylation.
Conclusions: These data suggest strong potential for BGG in 
reversing CP-induced lipid peroxidation and protein carbonylation 
as well as reducing epithelial degradation and inflammation in rabbit 
cornea when given 2 h after CP exposure. Further studies expanding 
the examination of BGG alone or in combination with oxygen 
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emulsion in alleviating CP- and other chemical agents-induced ocular 
injury, and delineation of its targets and pathways is justified.
Commercial Relationships: David A. Ammar, i2C Solutions 
(SBIR) (F); Dinesh G. Goswami, None; Rama Kant, None; 
Kristofer S. Fritz, None; Daniel V. LaBarbera, Univ of Colorado 
Denver (P); Rajesh Agarwal, None; J. Mark Petrash, Univ of 
Colorado Denver (P); Neera Tewari-Singh, i2C Solutions (SBIR) (F)
Support: This work is supported in part a Challenge Grant from 
Research to Prevent Blindness to the Department of Ophthalmology, 
and by an SBIR Grant W81XWH-15-C-0138 (DoD).
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Development of a hydrogel flowable dressing for the prevention 
of corneal scarring
Lisa J. Hill1, Gupreet Chouhan1, Chairut Vareechon2, Eric Pearlman2, 
Saaeha Rauz1, Graham R. Wallace1, Ann Logan1, Liam Grover1. 
1Neuroscience & Ophthalmology, University of Birmingham, 
Edgbaston, United Kingdom; 2University of California Irvine,  
Irvine, CA.
Purpose: Blindness caused by corneal opacity can result from 
the corneal scarring that develops after infectious diseases or 
inflammation. The ‘gold standard’ of treatment is amniotic 
membrane (AM) transplant to the ocular surface that induces 
healing and reduces scarring, through the release of anti-fibrotic/
anti-inflammatory factors. However, the reproducibility of the 
clinical effects of AM transplants is limited by biological variability. 
Consequently, a plethora of alternative anti-scarring treatment 
strategies have been investigated, with nothing yet adopted to replace 
AM transplants. We are developing a transparent gel eye drop that 
can be applied to the damaged ocular surface and is capable of 
protecting the injured eye, providing sufficient lubrication as well as 
delivering the anti-scarring agent, Decorin, in a sustained manner to 
the cornea to promote scarless wound healing.

Methods: Gel dressings were produced with controlled temperature 
processing to form a fluid gel.In vitro Decorin release from the 
fluid gel was measured using a Decorin ELISA. For the ex vivo 
studies, the Decorin fluid gel was applied as a single dose to a rat 
corneal abrasion model to observe the effects on wound healing and 
re-epithelialisation. An in vivo mouse model of bacterial keratitis 
was used to assess the anti-scarring effects of the Decorin fluid gel 
when used in combination with the standard clinical treatments of 
gentamicin and steroid eye drops.
Results: Gel thickening occurred immediately when placed on the 
rat cornea as an eye drop. The gel evenly covered the ocular surface 
and remained for up to 2h. Decorin gels released a sustained dose of 
Decorin over 4h. Corneal re-epithelialisation occurred within 48h in 
the presence of the Decorin gel in the ex vivo models when compared 
to a Decorin-PBS drop which showed limited wound closure. 
Additionally, Decorin gel reduced corneal opacity compared to 
controls in the bacterial keratitis model when administered together 
with the gold standard steroid and gentamicin treatment, compared 
with steroid and gentamicin treatment alone.
Conclusions: We have successfully demonstrated the utility of a fluid 
gel ‘eye drop’ therapy for the attenuation of corneal scarring. The 
properties of the fluid gel allowed a sustained, effective dose of anti-
fibrotic Decorin to be released onto the corneal surface and showed 
efficacy in reducing the corneal opacity associated with bacterial 
keratitis.
Commercial Relationships: Lisa J. Hill, None; Gupreet Chouhan, 
None; Chairut Vareechon, None; Eric Pearlman, None; 
Saaeha Rauz, None; Graham R. Wallace, None; Ann Logan, 
None; Liam Grover, None
Support: MRC DPFS


