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Intrastromal AAV-HLA-G gene therapy to re-establish corneal 
immune tolerance
Brian C. Gilger1, Laura Conatser2, Sara Smith1, Jacklyn Salmon1, 
Matthew Hirsch2, 3. 1Clinical Sciences, North Carolina State 
University, Raleigh, NC; 2Ophthalmology, University of North 
Carolina, Chapel Hill, NC; 3Gene Therapy Center, University of 
North Carolina, Chapel Hill, NC.
Purpose: To evaluate AAV-HLA-G (human leukocyte antigen G) for 
reducing corneal vascularization and inducing immune tolerance after 
injury.
Methods: Self-complementary AAV plasmid vectors harboring a 
codon optimized HLA-G1 or HLA-G5 transcriptional cassette were 
validated in cell culture prior to in vivo experiments. Seven days after 
unilateral corneal wounding by NaOH, both eyes of NZW rabbits 
were injected intrastromally with scAAV8G9 encoding GFP, HLA-G 
(1+5), or BSS (n=3/group). Vascularization and inflammation were 
monitored by slit-lamp (Hackett-Macdonald) and photography. 
Fifty-six days after injury, rabbits were euthanized, eyes removed, 
fixed, stained, and evaluated for cornea vasculature (CD31) and 
cellular response (CD8). Histologic scores were recorded for cellular 
infiltrate, fibrosis, and vascularization. Serum was analyzed for 
neutralizing antibodies generated to the AAV capsid and liver, brain, 
kidney, and heart were collected for vector biodistribution assays 
(Q-PCR).
Results: Corneal edema from intrastromal injection cleared 
within 24 hours and injections were well tolerated. No difference 
in inflammatory scores was observed until day 21 after injection, 
where a decrease in ocular inflammation occurred in AAV-HLA-G 
injected eyes compared to eyes injected with the GFP vector. Corneal 
vascularization developed in NaOH injured eyes beginning at 
approximately 7 days after injury. Eyes injected with HLA-G had 
significantly less area of vascularization than GFP injected eyes on 
days 35-54 after injury (Pi[HML1] >0.004). Histology of corneas 
injected with AAV-HLA-G following wounding appeared similar 
to non-injured corneas. Cumulative histologic scores were not 
significantly different in HLA-G or BSS injected non-injured corneas 
and significantly lower than in corneas injected with GFP (P=0.043). 
Most infiltrating immune cells, including CD8+ T cells were reduced 
in AAV-HLA-G injected corneas. Vector genome biodistribution 
indicated that AAV vectors were restricted to the cornea, however, 
50% of subjects elicited a neutralizing antibody response to the 
vector capsid following a single intrastromal administration.
Conclusions: Evaluation of AAV-HLA-G ocular injection in rabbits 
is under continued investigation for clinical translation. Furthermore, 
these data warrant further evaluation of broader roles of AAV-HLA-G 
in ocular surface immunity and cornea transplantation.
Commercial Relationships: Brian C. Gilger, NCSU/UNC (P); 
Laura Conatser, None; Sara Smith, None; Jacklyn Salmon, None; 
Matthew Hirsch, UNC/NCSU (P)
Support: NC TraCs Grant (MH, BG); Unrestricted Grant from 
Research to Prevent Blindness (MH)
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Interferon gamma-Positive Natural Killer Cells Contribute to 
Corneal Allograft Rejection in Young Mice
Takeshi Nakao1, 2, Takenori Inomata1, 2, Maryam Tahvildari1, 2, 
Reza Dana1, 2. 1Schepens Eye Research Institute, Boston, MA; 
2Department of Ophthalmology, Massachusetts Eye and Ear 
Infirmary, Harvard Medical School, Boston, MA.
Purpose: Survival rates of corneal allografts in children are much 
lower than in adults. However, the immunologic mechanisms 
responsible for the higher graft failure rates in young recipients 
are not clear. The purpose of this study was to investigate the 
contribution of natural killer (NK) cells to corneal allograft rejection 
in young vs. adult graft recipients.
Methods: Allogeneic corneal transplantation was performed 
using 3.5-week-old and 10-week-old BALB/c mice as recipients 
and C57BL/6 mice as donors (n=10 per group). Weekly graft 
examinations were performed until 8 weeks post-transplantation to 
evaluate graft survival. Infiltration of NK cells (CD45+CD3-CD49b+) 
into the grafts was assessed at day 21 after transplantation using flow 
cytometry. Draining lymph nodes (dLNs) were examined to evaluate 
the frequencies of interferon gamma (IFNγ)-positive NK cells and the 
expression of CD25 surface marker by NK cells in young and adult 
graft recipients at day 7 after transplantation.
Results: 3.5-week-old mice demonstrated significantly lower survival 
rates compared to 10-week-old mice at week 8 after transplantation 
(10% vs. 50%, with median survival of 35 vs. 49 days; P=0.027). 
The frequencies of NK cells in the cornea were significantly higher 
in 3.5 compared to 10-week-old mice at day 21 post-transplantation 
(5.04% vs. 0.280%; P=0.0054). In addition, the frequencies of IFNγ-
positive NK cells and the mean fluorescence intensity (MFI) of CD25 
expression by NK cells were significantly higher in the dLNs of 3.5 
compared to 10-week-old mice at day 7 post-transplantation (17.7% 
vs. 12.4%; P=0.0042 and MFI=1218 vs. 666; P=0.014, respectively).
Conclusions: Early rejection of corneal allografts in young graft 
recipients correlates with IFNγ-positive NK cell infiltration to the 
cornea.
Commercial Relationships: Takeshi Nakao, None; 
Takenori Inomata, None; Maryam Tahvildari, None; Reza Dana, 
None
Support: NIH R01 EY12963, Mass. Eye and Ear Curing Kids Fund
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Topical Pigment Epithelium-Derived Factor Suppresses Corneal 
Epitheliopathy and Inflammation in Dry Eye disease
Man Yu, Jiaxu Hong, Afsaneh Amouzegar, Merle Fernandes, 
Yihe Chen, Takeshi Nakao, Reza Dana. Schepens Eye Research 
Institute, Massachusetts Eye and Ear Infirmary, Department of 
Ophthalmology, Harvard Medical School, Malden, MA.
Purpose: Pigment epithelium-derived factor (PEDF) is a 
multifunctional glycoprotein widely expressed in different tissues, 
including the cornea. PEDF has been identified as an effective 
inhibitor of angiogenic and inflammatory responses. In this study, we 
aimed to investigate the effect of topical PEDF on disease severity 
and corneal inflammation in a mouse model of dry eye disease 
(DED).
Methods: DED was induced in female C57BL/6 mice by placing 
them in the controlled environment chamber for 14 days. Mice were 
assigned to one of three groups (n=5 each), to which either 200ng/
ml of recombinant PEDF (high dose), 20ng/ml PEDF (low dose) or 
PBS (control) was administered topically twice per day for 14 days. 
Corneal fluorescein staining (CFS) was performed to evaluate disease 
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severity. Corneas and draining lymph nodes (dLNs) of different 
treatment groups were harvested at Day 14. Frequencies of CD45+ 
cells in the cornea, T helper 17 (Th17) and T regulatory (Treg) cells 
in dLNs, and level of Foxp3 expression by Tregs in dLNs were 
investigated using flow cytometry.
Results: Both high and low doses of PEDF significantly decreased 
CFS scores of DED mice at day 7 compared with PBS-treated 
controls (high-dose vs. control P<0.001; low-dose vs. control 
P=0.002). At day 7, CFS score of mice treated with high-dose 
PEDF was significantly lower than those treated with low-dose 
PEDF (P=0.041). At day 14, high-dose PEDF was associated with a 
significant decrease in the frequencies of CD45+ cells in the cornea 
compared to PBS-treated controls (P=0.016). However, there was 
no significant difference in frequencies of Th17 and Treg cells and 
expression of Foxp3 by Tregs derived from dLNs among three 
groups.
Conclusions: Our data demonstrate that topical PEDF suppresses 
corneal inflammation and decreases the severity of DED.
Commercial Relationships: Man Yu, None; Jiaxu Hong, None; 
Afsaneh Amouzegar, None; Merle Fernandes, None; Yihe Chen, 
None; Takeshi Nakao, None; Reza Dana, None
Support: NIH R01 EY 20889
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mRNA and microRNA Analysis of Syngeneic, Accepted, and 
Rejected Corneal Allograft in Murine Allograft Model
Hyung Keun Lee1, 2, Hye Mi Noh1, arem YEO1, Hyun Chang Kim3, 
Jong Suk Song4. 1Ophthal-Severance Hosp, Yonsei Univ College 
of Medicine, Seoul, Korea (the Republic of); 2Pharmacy, Yonsei 
University College of Medicine, SEOUL, Korea (the Republic 
of); 3Preventive Medicine, Yonsei University College of Medicine, 
SEOUL, Korea (the Republic of); 4Ophthalmology, Korea University 
College of Medicine, SEOUL, Korea (the Republic of).
Purpose: The purpose of this study was (i) to determine which 
mRNA and microRNA (miR) markers represent the accepted corneal 
allografts, (ii) to investigate the functional role of miR in allograft 
survival using the murine corneal allograft model and trascriptome 
analysis.
Methods: Standard protocol for murine orthotopic corneal 
transplantation was used as described previously. Some BALB/c 
received syngeneic (BALB/c) grafts as a control group for the non-
allospecific effects of surgery. After 4 weeks of surgery, cornea were 
secured and RNA was isolated and reverse-transcribed using the 
Superscript III Kit.
The Affymetrix Whole transcript Expression array process was 
executed. The sense cDNA was then fragmented and biotin-labeled 
with TdT (terminal deoxynucleotidyl transferase) using the GeneChip 
WT Terminal labeling kit. The labeled DNA target was hybridized 
to the Affymetrix GeneChip Mouse 2.0 ST. Hybridized arrays were 
stained on a GeneChip Fluidics Station and scanned on a GCS3000 
Scanner. Signal values were computed using the Affymetrix® 
GeneChip™ Command Console software. Raw data were extracted 
in Affymetrix data extraction protocol and exported the result with 
gene level RMA analysis and performed the differentially expressed 
gene analysis.
Results: Total 31,422 genes were analyzed and 1314 genes were 
identified in allografted corneal tissue. Compared to naïve, 624 genes 
were differentially expressed in syngeneic (311 upregulation and 313 
downregulation) condition. From the accepted (Ac) and rejected (Rj) 
allograft condition, 511 and 523 genes were differentially expressed 
compared to naïve cornea, respectively. Morever, 139 genes were 
upregulated and 81 genes were downregulated in Ac, compared to Rj 

cornea. Compared miR expression in donor cornea from syngeneic, 
Rj and Ac allograft (n=8), 83 and 54 genes were identified as 
differentially regulated by miRs in Ac and in Rj, respectively. With 
miR and mRNA negative regulation paring analysis, we identified 9 
and 7 miRs which showed clear correlation in Ac versus syngeneic 
and in Rj versus syngeneic analysis, respectively (p<0.001).
Conclusions: Corneal allograft acceptance is not a simple quiet status 
but a condition of actively inducing miRs and mRNAs in murine 
graft. At least 9 miRs and mRNA sets were found to correlated 
negatively and may regulate graft survival actively.
Commercial Relationships: Hyung Keun Lee; Hye Mi Noh, None; 
arem YEO, None; Hyun Chang Kim, None; Jong Suk Song, None
Support: This work was supported by from the Korean Health 
Technology Research & Development Project, the Ministry of 
Health & Welfare [HI13C0055] and was partially funded from the 
Basic Science Research Program through the National Research 
Foundation of Korea, the Ministry of Science, ICT (Information and 
Communication Technology) & Future Planning  
[NRF-2015R1A2A2A04002684].
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Greater diversity of arachadonic acid metabolites is observed in 
tears of diseased eyes of children compared to normal eyes
Dennis Kwon1, Gerald W. Zaidman2, 3, Lars Bellner4, 
Michal Schwartzman4, Katherine Gotlinger4. 1New York Medical 
College, Valhalla, NY; 2Ophthalmology, Westchester Medical Center, 
Valhalla, NY, NY; 3Ophthalmology, New York Medical College, 
Valhalla, NY; 4Pharmacology, New York Medical College, Valhalla, 
NY.
Purpose: Eicosanoids, for example 15-hydroxyeicosatetraenoic acid 
(15-HETE) or 12-HETE, have long been implicated in ocular surface 
inflammation. Limited data exist on their role and mechanism of 
action in human eyes, particularly in the pediatric population. The 
goal of our study was to measure eicosanoid levels in the tears of 
diseased and normal eyes of children and then determine if there was 
a difference between diseased and normal eyes.
Methods: Tears were collected from 27 eyes of 14 pediatric patients 
prior to undergoing procedures at the Westchester Medical Center. 
Patients were between the ages of 7 weeks to 11 years. 21 eyes 
were being evaluated for various eye diseases, including cataracts, 
glaucoma, and congenital corneal opacities. Some of these eyes 
were status post surgical procedures, for example cataract surgery or 
corneal transplants, at the time of tear collection. 6 eyes were normal 
and healthy. Tears were collected using Schirmer’s strips. The strips 
were immediately placed in 100% methanol and stored under -80 °C. 
Eicosanoids were extracted by centrifuging the samples, collecting 
the supernatants, and performing lipid extraction using C18-ODS 
AccuBond II 500-mg columns. LC-MS/MS-based lipidomics were 
then performed to determine the quantities of the eicosanoids present 
in each sample.
Results: The eicosanoids collected and identified were: 
hydroxyeicosatetraenoic acids (15-HETE, 12-HETE, 5-HETE), 
epoxyeicosatrienoic acids (14(15)-EET, 11(12)-EET, 5(6)-EET), 
and dihydroxyeicosatrienoic acids (14,15 DHET, 11,12 DHET, 8,9 
DHET). 15-HETE and 12-HETE were present in 100% of normal 
eyes, and 5-HETE was present in 67% of the normal eyes (See figure 
1). 15-HETE and 5-HETE were present in 78% of diseased eyes, and 
12-HETE was present in 100% of the diseased eyes (See figure 2). 
14(15)-EET, 11(12)-EET, 5(6)-EET, 14,15 DHET, 11,12 DHET, and 
8,9 DHET, respectively, were each present in 22%, 9%, 35%, 9%, 
4%, and 4%, of the diseased eyes (See figure 2), but were not present 
in normal eyes.
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Conclusions: Our results showed that 15-HETE, 12-HETE, and 
5-HETE were all present in both the diseased and normal eyes, but 
14(15)-EET, 11(12)-EET, 5(6)-EET, 14,15 DHET, 11,12 DHET, and 
8,9 DHET were only present in the diseased eyes. This demonstrates 
that the tears of the diseased eyes of children contain a greater variety 
of eicosanoids compared to normal eyes.

Figure 1

Figure 2
Commercial Relationships: Dennis Kwon, None; 
Gerald W. Zaidman, None; Lars Bellner, None; 
Michal Schwartzman, None; Katherine Gotlinger, None
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Comparative efficacy of anti-CD40 antibody mediated-
costimulation blockade and anti-CD20 antibody/tacrolimus 
treatment on the survival of full thickness xenocorneal 
transplantation in non-human primates
Mee Kum Kim1, 2, Chang Ho Yoon1, Jaeyoung Kim1, Hyun Ju Lee2, 
Hyunsang Kwon2, Hee Jung Kang3, Chung-Gyu Park4, Eung-
Soo Hwang4, Won Ryang Wee1, 2. 1Department of Ophthalmology, 
Seoul National University College of Medicine, Seoul, Korea (the 
Republic of); 2Laboratory of Ocular Regenerative Medicine and 
Immunology, Seoul Artificial Eye Center, Seoul National University 
Hospital Biomedical Research Institute, Seoul, Korea (the Republic 
of); 3Department of Laboratory Medicine, Hallym University 
College of Medicine, Seoul, Korea (the Republic of); 4Department 
of Microbiology and Immunology, Cancer Research Institute, Seoul 
National University College of Medicine, Seoul, Korea (the Republic 
of).

Purpose: To analyze comparative efficacy and safety of systemically 
administered anti- CD40 antibody or anti-CD20 antibody/tacrolimus 
on the survival of full-thickness porcine corneal grafts in  
pig-to-rhesus corneal transplantation model.
Methods: Twelve Chinese rhesus macaques were assigned to 
anti-CD40 (2C10R4) or anti-CD20 (Rituximab) treated group and 
underwent full thickness corneal transplantation with clinically 
acceptable sized (7.5 mm in diameter) porcine grafts using wild-type 
SNU miniature pigs. Intravenous anti-CD40 or anti-CD20 antibody/
tacrolimus and immunoglobulin were administered as programmed 
schedule. Graft survival was evaluated. Changes in effector and 
memory T and B cell subsets, anti αGal and donor-specific antibodies 
were investigated in the blood, and the changes in complement levels 
in aqueous humor were evaluated.
Results: Anti-CD 40 antibody-based immunosuppressive treatment 
achieved 83.3% of 6 months-the survival of xenocorneal grafts 
(>384, >307, >273, >203, >196, 41days), and anti-CD20 antibody-
based treatment achieved similar survival (>260, >251, >251, 134, 
>102, >97 days), which was statistically insignificant (p=0.9064, 
Log Rank test). Rejected primates (n=2) showed the increase of 
CD8+ effector memory T cells around the rejection time. Levels of 
donor-specific IgG and IgM, anti αGal IgG and IgM and complement 
were not increased in all primates except rejected ones. No Porcine 
endogenous retrovirus or Cytomegalovirus were detected in all 
treated primates. While general conditions, liver function and renal 
function test were within normal ranges in all anti-CD40 antibody 
treated primates, anti-CD 20 antibody treated primates developed 
shigellosis, pneumonitis, and severe decrease of the platelet which 
was recovered after discontinuation of immune suppressants.
Conclusions: The effect of anti-CD40 antibody treatment is effective 
and safe on the survival of full thickness corneal xenotransplantation 
in primates, while the anti-CD20 antibody treatment is comparably 
effective on the survival but develops more systemic complications 
than anti-CD40 antibody regimen.
Commercial Relationships: Mee Kum Kim, None; Chang 
Ho Yoon, None; Jaeyoung Kim, None; Hyun Ju Lee, None; 
Hyunsang Kwon, None; Hee Jung Kang, None; Chung-Gyu Park, 
None; Eung-Soo Hwang, None; Won Ryang Wee, None
Support: This study was supported by a grant from the Korea 
Healthcare Technology R&D Project, Ministry for Health & Welfare, 
Republic of Korea (Project No. HI13C0954). Anti-CD40 Ab used 
in this study were provided by the Nonhuman Primate Reagent 
Resource supported by U.S. National Institutes of Health NIAID 
contract HHSN272201300031C and grant OD010976.
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Effects of subconjunctival bevacizumab and corneal-graft-
bevacizumab-preconditioning in high-risk corneal transplantion
Kun Li1, Ping Wang1, Rui Cui1, Yufei Teng1, 2, Na Li1. 1Beijing Tongren 
Hospital, Capital Medical University, Beijing, China; 2Beijing Key 
Laboratory of Ophthalmology and Visual Science, Beijing Institute of 
Ophthalmology, Beijing, China.
Purpose: This study investigated whether subconjunctival 
bevacizumab and corneal-graft-bevacizumab-preconditioning(CGBP) 
could enhance cornea transplant survival in a rat model of high-risk 
corneal transplantation.
Methods: Penetrating keratoplasty was performed between 
Fisher344 (donor) and Lewis (recipient) rats. Before transplantation, 
intrastromal sutures were placed for 1 week in the corneas of Lewis 
rats, inducing neovascularized high-risk graft beds. In corneal-
graft-bevacizumab-preconditioning group(G2), Bevacizumab was 
injected subconjunctivally 3 days before transplantation, and diffused 
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in donor corneal grafts. Bevacizumab(G3) 40μL(1.0 mg) and 
dexamethasone(G4)40μL(0.1 mg) was injected subconjunctivally at 
0, 4, 8, and 12 days. The control group(G1) received no treatment. 
Kaplan-Meier analysis was performed to evaluate graft survival. 
For assessment of corneal neovascularization (NV), neovessel 
invasion area was used. Two weeks later, the rats were killed and the 
expression of CD4 + and CD8 + cells in corneal grafts was detected 
by immunofluorescence.
Results: In G1 and G2, all of graft failures occurred during the 
observation period. 80% percent of graft failures occurred in G3 
compared with only 25% of graft failures in G4 (P<0.01). On day 14, 
neovessel invasion area were respectively 98%±1% in G1,99%±0.7% 
in G(P=0.78),91%±0.2% in G3(P<0.05),94%±3% in G4(P<0.05). 
The difference of CD4+ and CD8+cells in grafts between groups 
2, 3, and 4 was statistically significant. The numbers of CD4+cells 
were respectively 10±2.75 in G1, 8.8±1.74 in G2,4.0±0.70 in 
G3, 1.67±0.81 in G4, P<0.05. CD8+cells showed similar trends. 
Subconjunctival bevacizumab decreased angiogenesis and increased 
graft survival compared with the control group(P = 0.000, P = 0.003, 
respectively). However, the CGBP treatment was ineffective.
Conclusions: Subconjunctival bevacizumab significantly decreased 
angiogenesis, resulting in increased graft survival, but pretreatment of 
corneal grafts with bevacizumab had little effect. Bevacizumab may 
offer an adjunctive therapy in preventing graft rejection in high-risk 
corneal transplantation.
Commercial Relationships: Kun Li; Ping Wang, None; Rui Cui, 
None; Yufei Teng, None; Na Li, None

Program Number: 976 Poster Board Number: B0008
Presentation Time: 3:15 PM–5:00 PM
Antibody-mediated ALCAM blockade induces corneal allograft 
tolerance
Ann-Charlott Schneider1, Ann-Helen Willrodt2, Cornelia Halin2, 
Felix Bock1. 1University Hospital Cologne, Köln, Germany; 2Institute 
of Pharmaceutical Sciences, ETH Zurich, Zurich, Switzerland.
Purpose: Activated leukocyte cell adhesion molecule (ALCAM) has 
been implicated in diverse pathophysiological processes, including 
T cell activation, leukocyte trafficking and (lymph)angiogenesis. 
Therefore, therapeutic blockade of ALCAM could represent a 
promising approach for treating immune-mediated inflammatory or 
vascular disorders. Here we use for the first time a blocking fusion 
protein (I/F8-Fc) against ALCAM to improve corneal graft survival 
after high risk keratoplasty.
Methods: Using the mouse model of high-risk keratoplasty I/
F8-Fc was applied systemically as well as eye drops. The graft 
outcome was graded weekly for 8 weeks. In addition, induction 
of regulatory T cells was analysed by FACS analysis on CD4 and 
FoxP3. Furthermore, using the mouse model suture-induced corneal 
inflammation the influence of ALCAM blockade on corneal immune 
cells was assessed by immunofluorescence.
Results: Treatment with I/F8-Fc leads to significant improvement of 
graft survival after high risk (inflamed/vascularised) keratoplasty up 
the level of low risk (naïve/avascular) keratoplasty. The frequency of 
CD4+CD25+FoxP3+ regulatory T cells was significantly increased. 
In the suture model the amount of CD11c+ dendritic cells was 
increased after two weeks treatment with I/F8-Fc.
Conclusions: Blockade of the leukocyte adhesion molecule ALCAM 
can improve graft survival by delaying the regress of antigen 
presenting cells from the side of transplantation. This leads to the 
generation of regulatory T cells similar to the amount of T regs found 
in the normal risk group. Thereby, blockade of ALCAM seems to 
restore the immune privilege of the cornea. Overall, our findings 

identify ALCAM as a completely novel therapeutic target for the 
intervention in (corneal) allograft rejection or other vascular diseases.
Commercial Relationships: Ann-Charlott Schneider, None; 
Ann-Helen Willrodt, None; Cornelia Halin, None; Felix Bock, 
None
Support: DFG FOR2240
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The effect of H-Y matching on graft survival in primary 
penetrating keratoplasty
MIJIN KIM1, 2, Joo Hyun Kim2, Hyun Sun Jeon2, Won Ryang Wee1, 
Joon-Young Hyon1, 2. 1Ophthalmology, Seoul National 
University College of Medicine, Seoul, Korea (the Republic of); 
2Ophthalmology, Seoul National University Bundang Hospital, Seoul, 
Korea (the Republic of).
Purpose: To evaluate the influence of matching minor 
histocompatibility H-Y antigen on corneal graft survival in primary 
penetrating keratoplasty (PKP).
Methods: We retrospectively investigated the graft rejection 
and graft failure after primary PKP in 137 eyes. The compatible 
combinations of H-Y antigen for the donors and recipients were 
male donors and male recipients (n =57), female donors and male 
recipients (n =23), and female donors and female recipients (n = 16). 
Incompatible combination was male donors and female recipients 
(n = 41). The eyes were classified into two groups - mismatched 
(41 eyes) and matched (96 eyes) - depending on the disparity of 
H-Y antigen compatibility. The indications for surgery were corneal 
opacity (49.63%), bullous keratopathy (24.81%), corneal thinning 
or perforation (8.75%), keratoconus (5.83%), corneal dystrophy 
(2.91%), and others (8.02%). Data were analyzed using the Kaplan-
Meier life table method and the log rank test.
Results: Graft rejection in the mismatched group (mean survival 
time; 45.00 ±4.80 months) and the matched group (mean survival 
time; 48.18 ± 6.88 months) was not significantly different (p=0.463, 
x2 = 0.538, log rank test). Graft failure in the mismatched group 
(mean survival time; 62.89 ±4.67 months) and the matched (mean 
survival time; 65.83 ± 7.87 months) was not significantly different 
(p=0.943, x2 = 0.005, log rank test). A subgroup analysis was 
performed after dividing the subjects into a low risk and a high risk 
subgroup based on their preoperative diagnosis, and H-Y matching 
had no effect on graft survival in either subgroup.
Conclusions: The H-Y antigen incompatibility between corneal 
graft donor and recipient does not contribute significantly to 
the development of graft rejection and graft failure on primary 
penetrating keratoplasty.
Commercial Relationships: MIJIN KIM, None; Joo Hyun Kim, 
None; Hyun Sun Jeon, None; Won Ryang Wee, None;  
Joon-Young Hyon, None
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Topical Neurokinin 1 receptor antagonist as a treatment of ocular 
surface inflammation
Giulio Ferrari, Fabio Bignami, Paolo Rama. Ophthalmology 
-Cornea Unit-Eye Repair, OSPEDALE SAN RAFFAELE, Milan, 
Italy.
Purpose: To test safety and efficacy of topical application of the 
Neurokinin 1 receptor antagonist Fosaprepitant for the treatment of 
corneal inflammation in an alkali burn model.
Methods: Thirty female, 6- to 8-week-old, C57/BL6 mice were 
induced corneal inflammation by means of alkali burn. Seven 
days later, topical treatment with Fosaprepitant 10mg/ml, 6 times 
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a day in the right eye was started and continued for 10 days. A 
second group of thirty causticated mice was treated with saline, 
as a control. Finally, 10 healthy mice were applied 10mg/ml 
topical Fosaprepitant for 10 days to test for potential toxicity to 
the epithelium and/or corneal nerves. Inflammatory cell infiltration 
was quantified by means of: (a) immunofluorescence microscopy 
of CD45+ cells in the stroma of corneal whole mounts, and (b) 
flow cytometry of dissociated corneal stromal cells, stained with: 
CD45, CD11b, F4/80, Ly6G/Ly6C(GR1). Toxicity was evaluated by 
quantification of corneal epithelial defects (diamidino-phenyil-indole 
fluorescence microscopy) and corneal nerve density (beta-3 tubulin 
immunofluorescence) on corneal whole mounts. Differences between 
groups were assessed using unpaired t-test or Mann-Whitney U test, 
as appropriate.
Results: Treatment with topical Fosaprepitant was effective in 
reducing inflammatory cell infiltration. Specifically: (i) CD45+ 
leukocyte infiltration quantified in corneal whole mounts was reduced 
by 33% (P < 0.05). Moreover, flow cytometry analysis showed a 
54% reduction (P < 0.05) of myeloid infiltrating cells (CD45+7AAD-
CD11b+) in the cornea after Fosaprepitant treatment. Specifically, 
Fosaprepitant treatment induced: (i) 75% decrease of GR1dim 
F4/80+ macrophages (P< 0.01), and (ii) 72% decrease of GR1high 
F4/80- neutrophils (P< 0.05). Interestingly, Neurokinin 1 receptor 
was expressed by 69±16% of stromal CD45+ cells.
When Fosaprepitant was administered on normal corneas to test for 
toxicity, no epithelial defects were detected; corneal nerves exhibited 
normal morphology and their density was not significantly different 
in the treated group (P=0.76).
Conclusions: We conclude that topical application of Fosaprepitant 
can significantly inhibit inflammatory cell infiltration in the cornea 
after inflammation has occurred. In addition, topical application 
of Fosaprepitant did not appear toxic for the corneal epithelium or 
corneal nerves.
Commercial Relationships: Giulio Ferrari; Fabio Bignami, None; 
Paolo Rama, None
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Secreted Ly-6/uPAR Related Protein-1 (SLURP1) suppresses 
neutrophil docking on endothelial cells and extravasation- a key 
step in inflammation
Sudha Swamynathan1, Chelsea L. Loughner1, ChandraNath Roy1, 
Shivalingappa K. Swamynathan1, 2. 1Ophthalmology, University 
of Pittsburgh, Pittsburgh, PA; 2Fox Center for Vision Restoration, 
Pittsburgh, PA.
Purpose: The Secreted Ly-6/uPAR Related Protein-1 (SLURP1), 
abundantly expressed by the cornea, serves as an immunomodulatory 
molecule that prevents neutrophil influx while promoting angiogenic 
privilege. Here, we evaluate the effect of SLURP1 on neutrophil-
endothelial cell interaction, an essential step in inflammation.
Methods: The effect of SLURP1 (expressed in Pichia pastoris and 
partially purified) on tumor necrosis factor-α (TNF-α)-stimulated (i) 
interaction between differentiated neutrophil-like HL-60 (dHL-60) 
and human umbilical vein endothelial cells (HUVEC), (ii) expression 
of HUVEC surface adhesion molecules ICAM, VCAM, E-selectin, 
and L-selectin, (iii) dHL-60 chemotaxis towards chemoattractant 
fMLP, (iv) HUVEC monolayer permeability, and (v) cytokine 
expression in dHL-60 was studied by (a) fluorimetry of calcein-
labeled dHL-60 retained on HUVEC monolayer, (b) fluorescence-
assisted cell sorting (FACS), (c) transwell migration assays with 5mm 
pore size filters, (d) assaying 40 kDa FITC-dextran permeability 
through confluent HUVEC monolayer, and (e) QPCR, respectively.

Results: SLURP1 treatment of TNF-α-activated HUVEC resulted 
in decreased binding of dHL-60 cells (59% bound, compared with 
68% in albumin-treated TNF-α-activated HUVEC). The fraction of 
VCAM+, E-selectin+, and L-selectin+ cells decreased to 39, 34, and 
13% in SLURP1-treated TNF-α-activated HUVEC, from 48, 46, 
and 17%, respectively, in albumin-treated TNF-α-activated cells. 
SLURP1 suppressed the disruptive effect of TNF-a on confluent 
HUVEC barrier function by 15% in permeability assays. SLURP1 
also suppressed the TNF-a stimulated IL-1A, IL-1B and MMP9 
production by 41, 34, and 45% respectively, in dHL-60 cells, and 
their chemotaxis towards fMLP by 18.2%.
Conclusions: Together, these results suggest that SLURP1 suppresses 
neutrophil docking on endothelial cells and extravasation- key 
steps in inflammation- by suppressing TNF-α-stimulated cytokine 
production in dHL-60, cell adhesion molecules in HUVEC, and 
promoting HUVEC barrier function.
Commercial Relationships: Sudha Swamynathan, Patent No:US 
9,132,193 B2 (P); Chelsea L. Loughner, None; ChandraNath Roy, 
None; Shivalingappa K. Swamynathan, Patent number: US 
9,132,193 B2 (P)
Support: R01EY022898 from NEI, NIH. Project Title: Corneal 
Expression and Function of Slurp 1 (PI: Swamynathan) P30 
EY08098, Core grant from NEI, NIH (PI: Dr. Robert Hendricks), 
Unrestricted grants from ‘Research to Prevent Blindness’ and the 
‘Eye and Ear Foundation of Pittsburgh’
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Plasmacytoid Dendritic Cells in the Mouse Cornea: a 
Multiphoton Intravital Microscopy Study
Tomas Blanco1, Arsia Jamali1, Victor G. Sendra1, Maria J. Lopez1, 
Hamid-Reza Moein1, Pedram Hamrah1, 2. 1Center for Translational 
Ocular Immunology, Department of Ophthalmology, Tufts Medical 
Center, Tufts University School of Medicine Boston, Boston, 
MA; 2Cornea Service, New England Eye Center, Department of 
Ophthalmology, Tufts Medical Center, Tufts University School of 
Medicine, Boston, MA.
Purpose: Plasmacytoid dendritic cells (pDCs) play a main role 
in linking the innate and adaptive immune responses during 
inflammation. Herein, we studied dynamic pDCs migratory kinetics 
in vivo through the use of multiphoton intravital microscopy (MP-
IVM)
Methods: Corneal inflammation was induced in 8 weeks old DPE-
GFP×RAG1-/- transgenic mice (pDC-GFP, n=5/group) by either 
placement of 3 intrastromal 11-0 nylon sutures in the paracentral 
cornea, thermal cautery or HSV-1 infection (1x106 PFU McKrae). 
Naïve pDC-GFP mice served as control. Mice were scanned by a 
MP-IVM, with MaiTai Ti/Sapphire lasers set at 880nm, at day 7 
(suture and HSV-1) or day 3 (cautery). Distribution, kinetics and 
velocity of pDCs were evaluated and 4D movies rendered using 
Bitplane software. The meandering index (MI) of directionality  
(0 maximum, 1 minimum) was calculated. Values from naïve mice 
(considered static) and inflamed corneas (less than 30 μm of shift) 
were not included for MI. Results are shown as mean ± SD
Results: Corneal GFP+ pDCs were visualized by MP-IVM. The 
second harmonic generation delineated pDCs within the anterior 
stroma, but not in the posterior stroma or epithelium. Naïve corneas 
show 153±32.55 GFP+ pDCs /mm2 in the periphery and 72.84±11.16 
in the center (P=0.036). In the center, pDC density increased respect 
to the naïve to 144.10±48.49 cells/mm2 (cautery, P=0.081), 150.40± 
61.85 (HSV1, P=0.046) and 315.00± 104.50 (suture, P<0.001). The 
velocity of pDCs significantly increased from  
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0.65±0.13 μm/min (naïve) to 3.29 ±1.22 (cautery, P<0.001), 
3.67±1.45 (HSV-1, P<0.001) and 4.62±2.03 (suture, P<0.001). The 
full track length of pDCs in the central cornea significantly increased 
from 18.62±6.47 μm/hour (naïve) to 127.80±62.22 (cautery, 
P<0.001), 114.70±54.74 (HSV-1, P<0.001) and 184.4±109.00 (suture, 
P<0.001). The total displacement length significantly increased from 
13.02± 6.47 μm/hour (naïve) to 43.62±23.23 (cautery, P<0.001), 
37.11±20.90 (HSV-1, P=0.0023) and (42.19±48.20 (suture, P<0.001). 
There was no statistical difference in MI between the inflamed groups 
0.36±0.15 (cautery), 0.35±0.18 (HSV-1) and 0.37±0.19 (suture)
Conclusions: This study demonstrates, for first time, long-term 
migratory pDC kinetics in different settings of corneal inflammation 
through high-resolution MP-IVM. These results suggest that pDCs 
are active components of the corneal immune system that actively 
respond to inflammation
Commercial Relationships: Tomas Blanco; Arsia Jamali, None; 
Victor G. Sendra, None; Maria J. Lopez, None;  
Hamid-Reza Moein, None; Pedram Hamrah, None
Support: Grant support: NIH-R01-EY022695 (PH),  
NIH K08-EY020575 (PH), NIH-R21- EY025393
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The Effect of Human Corneal-Derived Mesenchymal Stromal 
Cells Secretome on the Human Macrophages Viability
Ilham Putra1, Medi Eslani1, Judy Hamouie1, Asha Tadepalli1, 
Xiang Shen1, Vivek Desai1, Peiman Hematti2, Ali R. Djalilian1. 
1Ophthalmology and Vision Science, University of Illinois- Chicago, 
Chicago, IL; 2Medicine, Hematology/Oncology division, University 
of Wisconsin School of Medicine and Public Health, Madison, WI.
Purpose: The anti-inflammatory properties of mesenchymal stromal/
stem cells (MSCs) have been recognized as one of their major modes 
of action. Macrophages (Mq) are the key player of the innate immune 
system in the most stages of inflammation. We evaluated the effect of 
the human corneal limbal derived- MSCs (CL-MSCs) secretome on 
the viability of human Mqs.
Methods: CL- MSCs were isolated from healthy cadaver donors and 
cultured in MEM-alpha media with 10% fetal bovine serum. Their 
secretome were collected in serum-free media after 48 hours. CD14+ 
cells were isolated from peripheral blood mononuclear cells and 
were differentiated into Mqs in IMDM + 10% serum. ApoTox-Glo™ 
Triplex Assay (Promega) was used to determine viability, cytotoxicity 
and apoptosis of Mqs after exposure to the CL-MSCs secretome.
Results: There was not a statistical difference in viability and 
cytotoxicity of Mqs 8 hours after exposure to the CL-MSCs 
secretome compared to the unconditioned media (P > 0.05 for both). 
However, there was a 2.4 ± 5.35 folds increase in apoptosis rate of 
Mqs 8 hours after incubation with CL-MSCs secretome compared to 
the control (P <0.001).
Conclusions: Inducing apoptosis in the Mqs may be one of the 
mechanisms that CL-MSCs confer their anti-inflammatory property.
Commercial Relationships: Ilham Putra, None; Medi Eslani, 
None; Judy Hamouie, None; Asha Tadepalli, None; Xiang Shen, 
None; Vivek Desai, None; Peiman Hematti, None; Ali R. Djalilian, 
None
Support: Clinical Scientist Development Program Award 
K12EY021475 (ME), R01 EY024349-01A1 (ARD) and Core grant 
EY01792 from NEI/NIH; MR130543 (ARD) from DoD, Vision for 
Tomorrow (ARD), unrestricted grant to the department from RPB; 
and Eversight (providing both seed funding and human corneal 
research tissue).
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Characterization of dendritic cell subtypes in native and cultured 
cadaveric human limbal tissue on amniotic membrane
Zala Luznik1, Andreja N. Kopitar2, Alojz Ihan2, Marko Hawlina1, 
Petra Schollmayer1. 1Eye Hospital, University Medical Centre, 
Ljubljana, Ljubljana, Slovenia; 2Medical Faculty Ljubljana, Institute 
of Microbiology and Immunology University of Ljubljana, Slovenia, 
Ljubljana, Slovenia.
Purpose: Limbal allograft rejection is the leading cause of graft 
failure. Resident dendritic cell (DC) maturation plays a critical role 
in the initiation of host allosensitization and graft rejection. There are 
two developmental lineages of DC: a myeloid (mDC) and a lymphoid 
(pDC) lineage, with different biological properties. The distribution 
of DC subtypes in whole corneal tissue and during limbal tissue 
cultivation is still not well determined. Thus, we hypothesized that a 
difference in DC content would be observed between non-cultured 
human cadaveric limbal tissue (control) compared to limbal explant 
cultures on amniotic membrane (AM). Secondly, we aimed to analyze 
the distribution of DC subtypes in whole preserved human cadaveric 
corneal tissue divided into central corneal, superior, inferior, nasal 
and temporal peripheral corneolimbal areas.
Methods: The expression of CD11c (for mDC) and CD303/CD123 
(for pDC) was evaluated by flow cytometry on limbal explant 
cultures cultivated on either the epithelial or stromal side of the AM 
and compared with directly isolated cells from cadaveric whole 
corneoscleral tissue, divided into specific areas for comparison. 
Additionally, the expression of co-stimulatory molecules CD80, 
CD86, and activation markers HLA-DR, CD83 was investigated, 
as well as the expression of corneal epithelium marker CK12 and 
ABCB5, a new epithelial stem cell marker. Student’s t-test was used 
for statistical analysis.
Results: Expression of pDC markers (CD303+/CD123+:10.2±1.0% 
vs 3.9±0.3%), mDC (CD11c+:7.0 ±0.9% vs 4.0±0.4%) and stem cell 
ABCB5 marker (26.4±1.6% vs 9.5±1.1%) was significantly higher 
(p < 0.05) in native (non-cultured) cadaveric corneolimbal tissue 
(N=15) compared to limbal explant cultures cultivated on AM (N=6). 
Cells positive for pDC and mDC markers were found in all examined 
corneolimbal areas (central 7.5 mm corneal > inferior > nasal > 
superior, and temporal limbus) with a prevalence of pDC (p < 0.05), 
but with no statistically significant difference between activated pDC 
and mDC. In contrast, in limbal explant cultures the percentage of 
pDC and mDC was similar, with no statistically observed differences 
between both sides of AM.
Conclusions: The DC content was significantly lower after ex vivo 
limbal explant cultivation, which is consistent with our hypothesis. 
DC subtypes and ABCB5 positive cells were found in all tested 
corneolimbal areas.
Commercial Relationships: Zala Luznik, None; 
Andreja N. Kopitar, None; Alojz Ihan, None; Marko Hawlina, 
None; Petra Schollmayer, None
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IMMUNOCOMPETENT CELLS INFILTRATION INTO 
RECONTRUCTED HUMAN CORNEAL EPITHELIUM: 
APPLICATION TO DRY EYE SYNDROME
Barbara De Servi1, Marisa Meloni1, Stefano Barabino2. 1VitroScreen 
Srl, MILAN, Italy; 2Clinica Oculistica, University of Genoa, Genoa, 
Italy.
Purpose: The biological relevance of the recontructed human corneal 
epithelium (HCE) model is recognised to evaluate the eye irritation 
potential of chemicals and to predict irritation potential of eye 
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drops. The aim of this research project was to use the HCE model 
to recapitulate in vitro the ocular surface immunity, its homeostatic 
mechanisms and their disruption in dry eye syndrome. HCE model 
was cultivated with activated immunocompetent cells (monocyte 
cell line-THP-1) to study infiltration of the cornea tissue in response 
to ocular surface damage and inflammation in modified culture 
conditions.
Methods: The HCE model was exposed to different stimuli: 
hyper-osmolarity (0,6M sorbitol for 16h) and dryness (40°C and 
Rh<40%). Undifferentiated THP-1 cells were cultured on the 
traswell filter (polycarbonate membrane) and once an adherent cell 
layer was formed, the immunocompetent cells were monitored to 
follow the infiltration and migration process after different time 
points of post incubation (4-24-48h) by applying a morphological 
(Immunohistochemistry of CD68, CD83 and CD14) and molecular 
approach (gene expression by qRT-PCR).
Results: The preliminary results of the infiltration protocol 
showed that after the incubation step the THP-1 have migrated 
leading to resident immunocompetent cells in the suprabasal 
layers. Hyperosmolarity and dryness conditions have determined 
THP-1 cells migration and infiltration: CD68+ was relevant for 
macrophages, CD83+ for dendritic cells. CD14 was a marker of 
undifferentiated THP-1 cells. Quantification of the number of 
migrated cells have been performed by using the software Leica 
LASX applied to LEICA DM2500. The project was completed 
by transcriptomics analysis of the biomarkers related to dry eye 
symptoms: MMP9, TNFα, AQP3, MUC4, ZO1, OCLN, ITGB1, 
TGFB1, IL8. Cellular damage following corneal hyperosmolarity 
and dryness and co-cultered with THP-1 was evaluated by adenilate 
kinase release in the medium.
Conclusions: The developped ocular surface immunocompetent 
system on HCE demonstrate to be able to monitor macrophages 
and dendritic cells migration into the corneal tissue underling 
their differential positioning and immunological role within the 
corneal epithelium. The model is under development to investigate 
immunomodulatory therapies to effectively treat inflammatory based-
ocular diseases as Sijodren syndrome.
Commercial Relationships: Barbara De Servi, None; 
Marisa Meloni, None; Stefano Barabino, None
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Elevated aqueous inflammatory cytokine levels in eyes with 
ocular surface disease
Naohiko Nakayama2, 1, Takefumi Yamaguchi2, 1, Yukari Yagi-
Yaguchi2, 1, Terumasa Suzuki2, Kazunari Higa2, Daisuke Tomida2, 
Koji Kakisu2, Seika Den2, Yoshiyuki Satake2, Jun Shimazaki2. 
1Department of Ophthalmology, Keio University School of Medicine, 
Tokyo, Japan; 2Ophthalmology, Tokyo dental college Ichikawa 
general hospital, Chiba, Japan.
Purpose: It is unknown whether the presence of severe ocular 
surface diseases affect intraocular microenvironments. In this study, 
we evaluated the cytokine and protein levels in the aqueous humor 
(AqH) of normal eyes and eyes with chronic phase ocular surface 
diseases.
Methods: Among the consecutive patients who underwent corneal 
transplant or cataract surgery, ten patients who had chronic phase 
ocular surface diseases (three [G1] cicatricial pemphigoid [OCP] 
case, four chemical burn cases, one thermal burn case, one Stevens-
Johnson syndrome [SJS) case, and one exposure keratitis case), 
and 33 patients who underwent cataract surgery were studied. The 
AqH samples were collected at the beginning of each surgery. The 
AqH levels of cytokines (interleukin [IL]-1α, -1β, -4, -6, -8, -10, 

-12p70, -13, -17a, IP-10, MCP-1, IFN-α, -γ, MIP-1α, -1β, P-selectin, 
E-selectin, s-ICAM, TNF-α, GM-CSF) were measured by Luminex 
(ProcaPlexPanel) beads-based multiplex immunoassay.
Results: The levels of IL-6, IL-10, TNF-α, E-selectin, P-selectin 
(1059±640pg/ml[G1], 3.50±0.82l, 254±145, 3789±840 and 
16176±10071, respectively) in AqH were significantly elevated 
in eyes with ocular surface diseases, compared to controls (IL-6: 
85.5±69.5, P=0.0001, IL-10:1.87±0.11, P=0.0022, TNF-a: 76.4±5.4, 
P=0.012, E-selectin: 2149±46, P=0.0005, P-selectin:2027±450, 
P<0.0001). The AqH protein level was significantly elevated in ocular 
surface diseases (0.65±0.13mg/ml), compared to controls (0.31±0.05, 
P=0.0072[G2]).
Conclusions: Ocular surface diseases seem to be associated with the 
elevation of specific AqH cytokines and protein levels in a chronic 
manner.
Commercial Relationships: Naohiko Nakayama, None; 
Takefumi Yamaguchi; Yukari Yagi-Yaguchi, None; 
Terumasa Suzuki, None; Kazunari Higa, None; Daisuke Tomida, 
None; Koji Kakisu, None; Seika Den, None; Yoshiyuki Satake, 
None; Jun Shimazaki, None
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Severing corneal nerves induces CD11c+ contrasuppressor cells 
that disable T regulatory cells induced by either orthotopic 
corneal allografts or by injection of antigen into the anterior 
chamber
Sudha neelam. Opthhalmology, UTSouthwestern Medical center, 
Flowermound, TX.
Purpose: Corneal allograft survival is due in large part to T 
regulatory cells (Tregs) that block immune rejection. The severing of 
corneal nerves which occurs during penetrating keratoplasty releases 
the neuropeptide substance P (SP) in both eyes. SP disables the T 
regulatory cells that are needed for the acceptance of future corneal 
allografts. This release of SP induces the generation of CD11c+ 
dendritic cells that act as contrasuppressor (CS) cells that disable 
Tregs generated either by corneal transplants or injecting antigens 
into the anterior chamber (AC). This study characterized CS cells 
that are induced by penetrating keratoplasty or by severing corneal 
nerves.
Methods: CS cells were induced by placing 2.0 mm circular 
incisions (trephining) into the central corneal epithelium of BALB/c 
mice. The following questions about CS cells were addressed. What 
is the minimum number of CS cells that block Treg activity? How 
long-lived are CS cells? Do CS cells directly kill Tregs? Do CS cells 
produce SP? Does SP disable or kill T regs? Will SP convert naïve 
CD11c+ DC into CS cells? Tregs were induced by either AC injection 
of ova antigens (ACAID) or by orthotopic corneal transplantation. 
Treg activity was assessed in vivo with a local adoptive transfer 
(LAT) assay.
Results: Adoptive transfer of as few as 1x103 CD11c+ CS cells 
prevented the induction of ACAID, which persisted for >60 days. 
In vitro assays revealed that CD11c+ CS cells did not directly kill 
Tregs. CS cells could not be induced in SP knockout (KO) mice or in 
wild-type mice treated with the SP receptor antagonist, Spantide II. 
SP was needed for the expression contrasuppressive activity as CS 
cells exposed to Spantide II were unable to block T reg activity in a 
conventional LAT assay.
Conclusions: The transient release of SP during corneal nerve 
ablation induces the generation of long-lived (>60 days) CD11c+ CS 
cells that disable the Tregs induced via AC injection of antigen or by 
orthotopic corneal allografts. CS cells do not directly kill Tregs but 
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exert their inhibitory effect by releasing SP, which in turn disables 
Tregs.
Commercial Relationships: Sudha neelam, None
Support: National Institute of Health grant EY007641 and Research 
to prevent blindness
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Management of Pediatric Blepharokeratoconjunctivitis
Thomas H. Dohlman, Buntitar Lertsuwanroj, Jessica Ciralsky. 
Department of Ophthalmology, Weill Cornell Medical College, New 
York, NY.
Purpose: Blepharokeratoconjunctivitis (BKC) in children is 
frequently misdiagnosed as herpetic keratitis, allergic conjunctivitis 
or viral conjunctivitis. A delay in diagnosis can be devastating as 
significant visual impairment can occur from ongoing untreated 
corneal inflammation and resultant corneal scarring. Once an accurate 
diagnosis is made, treatment must be started promptly with lid 
hygiene, topical anti-inflammatories and oral antibiotics. Several oral 
antibiotic regimens have been described with varied agents, dosages, 
and durations of treatment. In this case series, we describe the 
successful treatment of four children with severe BKC with high dose 
oral Azithromycin for three months.
Methods: A retrospective case series review of children diagnosed 
with BKC between 2009 and 2015 were identified. Patients’ clinical 
history, presenting symptoms and clinical signs at the time of 
diagnosis were reviewed, as were treatment choice, efficacy and 
adverse events associated with treatment.
Results: Four pediatric patients (3 female, 1 male) with BKC were 
identified. The average age of disease onset was 4.25 years (range 
3-6 years) while the average age of presentation was 6 years (range 
3-11 years). In terms of clinical symptoms, patients most commonly 
presented with eye redness (100% of patients), photophobia (75%), 
and pain (25%). On slit-lamp examination, all patients had blepharitis 
in both eyes and corneal pathology in only one eye. Of the four eyes 
with corneal pathology, 100% had corneal scarring, 75% had corneal 
thinning, and 50% had corneal neovascularization. Patients were 
treated with a three month course of oral azithromycin  
(10-15 mg/kg/day) and topical steroids in the eye with corneal 
pathology. The average time to disease resolution for all patients 
was 2.5 months (range 1-4 months). No eyes in this series lost best-
corrected visual acuity. There were no adverse effects associated with 
treatment and there were no recurrences of BKC during the mean 
follow-up of 6 months.
Conclusions: BKC is an important disease to recognize and treat 
early as a delay in diagnosis can lead to significant corneal pathology 
and resultant visual loss. High dose oral Azithromycin and topical 
anti-inflammatories should be considered for the treatment of 
children with severe BKC and corneal pathology.
Commercial Relationships: Thomas H. Dohlman, None; 
Buntitar Lertsuwanroj, None; Jessica Ciralsky, AMO (C), Shire 
(C), Allergan (C)
Support: Research to Prevent Blindness
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Application of mesenchymal stromal cells modulates corneal 
allograft rejection in a pre-sensitised high risk cornea 
transplantation model
Paul Lohan1, Oliver Treacy1, Mourice Morcos1, Nick Murphy1, 
Gerry Fahy2, Matthew D. Griffin1, Thomas Ritter1. 1Regenerative 
Medicine Institute, National University of Ireland, Galway, Galway, 
Ireland; 2Galway University Hospital, Galway, Ireland.

Purpose: Corneal transplant rejection in patients at high 
immunological risk of rejection due to previous grafts or other 
immune sensitisation events represents a significant unmet medical 
need. We sought to establish a rat model of previous immunological 
sensitisation to the cornea donor. Once established we used this 
model to study the effects of mesenchymal stromal cells (MSC) on 
the rejection process in a high risk setting.
Methods: Pre-existing anti-donor immunity was induced in Lewis 
rats (LEW, RT-1l) by injecting 1 X 107 donor (Dark Agouti (DA, 
RT-1avl)) derived rat splenocytes subcutaneously 14 days prior to 
performing penetrating full thickness keratoplasty using a DA cornea 
as the donor tissue. Graft rejection was determined by corneal 
opacification, with edema and neovascularisation also recorded. 
Allogeneic donor-derived and 3rd party (fully allogeneic to both 
corneal donor and recipient) MSC were isolated from rat bone 
marrow, cultured and characterised in vitro. 1 X 106 MSC were 
injected at day -7 and day -1 intravenously. The effects of MSC 
treatment on the rejection process were recorded. Comparison of the 
graft survival of untreated, allogeneic MSC treated and 3rd party MSC 
treated were compared using Mantel-Cox tests.
Results: MSC were shown to possess tri-lineage differentiation 
capabilities and were capable of significantly suppressing Lewis 
T cell proliferation in vitro. Rats pre-sensitised with donor (DA) 
splenocytes rejected their grafts earlier (n=13, average day of 
rejection (ADR) 11.45±2.5) than those which were not pre-sensitised 
(n=17, ADR 18.24±3.15). Donor derived MSC were shown to 
be capable of significantly prolonging corneal allograft survival 
(n=10, ADR 22±8.01) (p=0.0002). Indeed 40% of animals treated 
with allogeneic MSC had not rejected their grafts by the end of the 
observation period at day 30.
Conclusions: To date, a high risk model of rat cornea transplantation 
involving a strong pre-existing anti-donor response has been 
developed and proved to be reproducible across several groups. 
MSC have been shown to be efficacious in modulating the immune 
response against the graft, resulting in prolonged graft survival. 
Further experiments will probe the mechanism of action of allogeneic 
MSC in this high-risk model.
Commercial Relationships: Paul Lohan, None; Oliver Treacy, 
None; Mourice Morcos, None; Nick Murphy, None; Gerry Fahy, 
None; Matthew D. Griffin, None; Thomas Ritter, None
Support: EU FP7 VISICORT grant
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Complement Fragment C4d Deposition Causing Thickening of 
Descemets Membrane In Corneal Graft Rejection: Animal Model 
Study
Mohamed Abou Shousha1, Grant Kolar2, Xiaotang Yin2, 
Gustavo R. Gameiro1, Christopher Smith2, Rocio Bentivegna2, 
Sonia H. Yoo1, Patrick M. Stuart2. 1Bascom Palmer Eye Institute, 
University of Miami, Miami, FL; 2Saint Louis University, St. Louis, 
MO.
Purpose: To evaluate Descemets membrane (DM) characteristics 
in corneal graft rejection through an animal model and examine 
obtained DM specimens by immunohistochemistry so as to detect the 
pathogenesis behind observed changes.
Methods: 18 rats served as an animal model of corneal 
transplantation. Thirteen rats received allogenic corneal grafts to 
serve as a model of corneal graft rejection. Another 5 rats received 
syngeneic corneal grafts in order to be used as a model of successful 
corneal graft transplant. Contralateral eyes of all rats served 
as controls. DM thickness was measured by light microscopy. 
Immunohistochemistry staining of excised tissue was done using a rat 
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monoclonal antibody to C4d. The results were analyzed using paired 
Student t-test with IBM SPSS.
Results: Rejected corneal grafts had significantly thicker DM 
compared to the contralateral eyes with mean thickness of 3.38 vs 
2.77 μm (p<0.001). Meanwhile, there was no significant difference 
between accepted grafts and contralateral eyes. Complement 
fragment C4d depositions were noted in 7 out of 9 rejected corneal 
grafts and in none of the accepted grafts (P=0.02). Five rats were 
excluded secondary to infection and surgical failure.
Conclusions: Thickening of the Descemets membrane is observed 
ex vivo in corneal graft rejection in an animal model, resembling in 
vivo changes noted in human rejected corneal grafts. Complement 
fragment C4d deposition were demonstrated in rejected corneal grafts 
Descemets membrane and could explain the observed pathological 
thickening of the membrane.
Commercial Relationships: Mohamed Abou Shousha; 
Grant Kolar, None; Xiaotang Yin, None; Gustavo R. Gameiro, 
None; Christopher Smith, None; Rocio Bentivegna, None; 
Sonia H. Yoo, None; Patrick M. Stuart, None
Support: National Eye Insitute K23 award (K23EY026118, 
Mohamed Abou Shousha), American Society of Cataract and 
Refractive Surgery Foundation Grant and unrestricted grant from 
Research to Prevent Blindness, NY.

Program Number: 989 Poster Board Number: B0021
Presentation Time: 3:15 PM–5:00 PM
Lymphatic Hypoplasia Induced in Mice Reduces Recruitment 
of Immune Cells to the Ocular Surface in Low-grade Chronic 
Inflammation Such As Dry Eye
Hyun Goo Kang1, Nayeong Gu1, Hyung Keun Lee1, 2. 1Department 
of Ophthalmology, Institute of Vision Research, Yonsei University 
College of Medicine, Seoul, Korea (the Republic of); 2Department 
of Ophthalmology, Institute of Corneal Dystrophy Research, Yonsei 
University College of Medicine, Seoul, Korea (the Republic of).
Purpose: While normal cornea actively maintains an avascular 
and alymphatic state, chronic immunoinflammatory disorders such 
as dry eye(DE) can disrupt the cornea’s immune privilege and 
promote lymphangiogenesis. This study investigated the effects of 
lymphangiogenesis in DE by inducing lymphatic hypoplasia using 
Lyve-1(wt/Cre);VEGFR-2(flox/flox)(ΔLV) mice.
Methods: DE was induced in both wild type(WT) and ΔLV mice. 
Changes in ocular surface, skin, and lymph nodes were noted by 
tissue staining and volumetric gross measurements. Quantitative fold 
changes and expression of key factors (IL-4, IL-10, IL-17, VEGF-
A/-C/-D, IFN-gamma), markers (Lyve-1, VEGFR-1/-2, podoplanin), 
and immune cells (CD3, CD4, CD11b, CD19, CD207, CCR7, etc.) 
on the ocular surface and lymph nodes(LNs) were analyzed by 
real-time polymerase chain reaction(qPCR) and flow cytometry 
analysis(FACS).
Results: Tissue staining of Lyve-1 revealed decreased density of 
lymphatic vessels in LNs and skin of ΔLV mice, confirmed by fold 
change in key markers (Lyve-1, podoplanin, VEGFR-2, VEGF-A/-
C/-D). The volume of lymph nodes from ΔLV mice were found to 
be significantly larger than WT when dry eye was induced (p<0.01). 
There was an overall increase in lymphocyte concentrations (CD3+, 
CD11b+, CD19+, and CD45+) on the ocular surface of ΔLV mice. 
With DE induction, qPCR fold change of cytokines such as IL-6, 
IL-10, and IFN-gamma were significantly reduced in ΔLV mice 
compared to WT.
Conclusions: Lymphatic hypoplasia appears to compromise 
induction of adaptive immunity due to diminished homing of APCs. 
Retention of pro-inflammatory factors due to compromised drainage 

and reduced recruitment of immunoregulatory factors may lead to 
additional ocular surface damage.
Commercial Relationships: Hyun Goo Kang, None; Nayeong Gu, 
None; Hyung Keun Lee, None
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A core role for T cells in meibomian gland dysfunction
Nancy Reyes1, Preeya Gupta1, Daniel Saban1, 2. 1Ophthalmology, 
Duke University School of Medicine, Durham, NC; 2Immunology, 
Duke University School of Medicine, Durham, NC.
Purpose: Involvement of the immune response may be a core 
pathogenesis pathway in many forms of meibomian gland 
dysfunction (MGD), as suggested by the common appearance of 
this condition in patients with underlying immunologic disease. 
We addressed this question using our established model of chronic 
allergic eye disease (AED) in which 80% of these mice develop 
MGD. Specifically, we asked whether T cells are important in 
causation and whether similar evidence of T cell involvement may be 
detectable in patients.
Methods: Adult IL-17A-/- (KO) and IL-17+/- (Het) mice were 
compared to C57BL/6 (WT) controls. The AED model was induced 
in these mice via single IP injection of ovalbumin (OVA) in alum 
and pertussis toxin, followed by topical OVA instillation. Lymph 
nodes (LN) and conjunctivae were harvested after final challenge and 
analyzed by flow cytometry. For human studies, we excluded MGD 
patients on systemic anticoagulative or immunosuppressive drugs 
within two weeks, or history of ocular surgery in the past 3 months 
of participation. Peripheral blood mononuclear cells (PBMCs) were 
isolated and analyzed by flow cytometry.
Results: Our previous findings suggested that Th2 and Th1 cells are 
not sufficient to mediate MGD in AED mice, whereas Th17 cells are. 
In the current study, we confirmed that Th17 cells were significantly 
reduced in KO mice, as compared to WT controls. Strikingly, this 
reduction in Th17 cells correlated with a complete abolishment 
of MG plugging in AED, as 100% of the WT controls developed 
plugging. Furthermore, Het mice showed reduced plugging, as 
compared to WT controls. Interestingly, corresponding with these 
findings, in patients with MGD (n=4 patients), 50% of subjects 
showed increased Th17 frequencies in the peripheral blood, whereas 
healthy control patients did not (n=6).
Conclusions: These data demonstrate in mice that Th17 cells are 
necessary for the development of MGD, in the AED model. Our 
findings may also suggest that Th17 cells play a role in mediating 
MGD in a subset of patients. The implication of our data that 
immune cells contribute to the core pathogenic mechanism in MGD 
is particularly novel and may pave the way for novel treatments that 
reduce disease burden in certain patients.
Commercial Relationships: Nancy Reyes; Preeya Gupta, AMO 
(C), Novabay (C), Biotissue (C), Alcon (C), Tear Lab (C), Allergan 
(C), Tear Sciences (C), Shire (C); Daniel Saban, None
Support: F32 EY025557-01, EY021798, Research to Prevent 
Blindness – 2016 Duke’s Unrestricted Grant award
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The Effect of Lipopolysaccharide on TSG6 Expression in 
Mesenchymal Stromal Cells
Gaurav Agnihotri1, Samaneh Ghassemi1, Ilham Putra1, Xiang Shen1, 
Jigna Sheth1, Medi Eslani1, Peiman Hematti2, Ali R. Djalilian1. 
1Ophthalmology and Visual Sciences, University of Illinois at 
Chicago, Chicago, IL; 2Hematology/oncology, Medicine, University 
of Wisconsin at Madison, Madison, WI.
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Purpose: Mesenchymal stem cells (MSCs) play an important role 
during inflammation and its resolution. We evaluated the effect of 
lipopolysaccharides (LPS) found in gram-negative bacteria on TSG6 
expression (a well-known anti-inflammatory agent) in the corneal-
limbal and bone-marrow derived MSCs (CL-MSC and BM-MSC).
Methods: BM-MSC were isolated from human bone marrow donors 
in a GMP facility. CL-MSCs were extracted from healthy cadaver 
corneas. MSCs were grown to confluency using MEM-alpha + 
10% fetal bovine serum. Telomerase-immortalized human corneal 
epithelial cells (HCEC) were used as an external control to MSCs. 
They were stimulated with 100 ng/ml LPS for 24 hours, followed by 
mRNA extraction. After reverse transcription, the mRNA expression 
of TSG6 was analyzed with delta-deltaCt method by real-time qPCR 
using GAPDH as control.
Results: LPS treatment resulted in a 4.7 and 5.78 folds increase in 
TSG6 mRNA expression in CL-MSCs and BM-MSCs compared 
to the unstimulated cells, respectively (P < 0.01). There were no 
significant changes in TSG6 mRNA expression in HCECs after 
incubation with LPS.
Conclusions: LPS exposure leads to upregulation of TSG6 in 
MSCs. This response is observed in MSCs and not HCECs. Protein 
expression is needed to confirm these results.
Commercial Relationships: Gaurav Agnihotri, None; 
Samaneh Ghassemi, None; Ilham Putra, None; Xiang Shen, None; 
Jigna Sheth, None; Medi Eslani, None; Peiman Hematti, None; 
Ali R. Djalilian, None
Support: Clinical Scientist Development Program Award 
K12EY021475 (ME), R01 EY024349-01A1 (ARD) and Core grant 
EY01792 from NEI/NIH; MR130543 (ARD) from DoD, Vision for 
Tomorrow (ARD), unrestricted grant to the department from RPB; 
and Eversight (providing both seed funding and human corneal 
research tissue).

Program Number: 992 Poster Board Number: B0024
Presentation Time: 3:15 PM–5:00 PM
Turnover of Resident Plasmacytoid Dendritic Cells in the Cornea
Luca Schwarzenbacher1, 2, Arsia Jamali1, Deshea L. Harris1, 
Victor G. Sendra1, Tomas Blanco1, Maria J. Lopez1, 
Pedram Hamrah1, 3. 1Department of Ophthalmology, Center for 
Translational Ocular Immunology, Tufts Medical Center, Tufts 
University School of Medicine, Boston, MA; 2Department of 
Ophthalmology and Optometry, Medical University of Vienna, 
Vienna, Austria; 3Cornea Service, New England Eye Center, 
Department of Ophthalmology, Tufts Medical Center, Tufts 
University School of Medicine, Boston, MA.
Purpose: Plasmacytoid dendritic cells (pDCs), which orchestrate 
innate and adaptive immune responses, have been shown to reside 
in the naïve cornea by our group. This study aimed to evaluate the 
turnover of corneal pDCs.
Methods: Parabiosis and bone marrow (BM) chimera models were 
adopted to explore pDC turnover. To generate BM chimeras, CD45.1 
mice were irradiated while protecting their skull with lead shields. 
5×105 BM cells of DPE-GFP×RAG1-/- (pDC-GFP) mice (with 
GFP+ pDCs) were adoptively transferred to replenish the BM in the 
irradiated mice. Parabiosis was performed by joining CD45.1 and 
pDC-GFP mice. Corneal suture placement or cautery was performed 
in wildtype C57BL/6 or chimeric mice. Corneas were stained with 
combinations of CD45 (pan-leukocyte marker), CD45.1 (recipient 
leukocytes marker), CD45.2 (donor leukocyte marker), PDCA-1, 
and CD45R/B220 (pDC markers), and Ki-67 (proliferation marker), 
followed by confocal microscopy or flow cytometry. T test was 
applied to compare the groups. p<0.05 was considered significant.

Results: Resident pDCs were observed in both peripheral (82.9±5.1 
cells/mm2) and central (51.6±4.9) corneas of naïve WT mice. We 
did not observe recruitment of any pDCs to the naïve parabiont 
corneas for up to 8 months in the periphery and 12 months in the 
center. However, as early as day 1 after corneal suture placement in 
BM chimeras, GFP+ donor pDCs were recruited to the peripheral 
(52.0±9.3) and central (35.5±5.9) corneas. On day 7, the density 
of GFP+ pDCs was further increased in both corneal periphery 
(196.3±52.8; p=0.004) and center (110.9±22.6, p=0.002). We also 
observed an increase in the density of GFPneg resident recipient pDCs 
in the peripheral cornea on day 7 (55.4±15.5) compared with day 1 
(16.8±6.2, p=0.003), where they had initially declined after suturing. 
In contrast to lack of turnover in naïve corneas of parabionts, corneal 
inflammation resulted in rapid turnover of pDCs, albeit without 
reaching equilibrium. This finding, in line with the increase in density 
of GFPneg pDCs in BM chimeras, suggests possible proliferation of 
resident pDCs. In fact, confocal micrographs showed co-staining 
of Ki-67 with pDCs in both naïve (20.8%) and cauterized (64.8%) 
corneas.
Conclusions: Following inflammation, rapid recruitment of 
pDCs into the cornea is evident. Additionally, resident pDCs may 
proliferate in situ during both steady state and inflammation.
Commercial Relationships: Luca Schwarzenbacher, None; 
Arsia Jamali, None; Deshea L. Harris, None; Victor G. Sendra, 
None; Tomas Blanco, None; Maria J. Lopez, None; 
Pedram Hamrah, None
Support: NIH K08-EY020575 (PH), NIH-R01- EY022695 (PH), 
NIH R21-EY025393-01 (PH)
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Local Adoptive Transfer of Plasmacytoid Dendritic Cells as a 
Novel Therapeutic Approach for Corneal Nerve Regeneration
Arsia Jamali1, Maria J. Lopez1, Victor G. Sendra1, Deshea L. Harris1, 
Nicholas Pondelis1, Pedram Hamrah1, 2. 1Center for Translational 
Ocular Immunology, Department of Ophthalmology, Tufts Medical 
Center, Tufts University School of Medicine, Boston, MA; 2Cornea 
Service, New England Eye Center, Department of Ophthalmology, 
Tufts Medical Center, Tufts University School of Medicine, Boston, 
MA.
Purpose: We have recently shown that plasmacytoid dendritic cells 
(pDCs) exert neurotrophic properties in the cornea. The aim of this 
study is to evaluate the therapeutic efficacy of local adoptive transfer 
of pDCs in corneal nerve regeneration.
Methods: Corneas of 6-8 week-old male wildtype (WT) C57BL/6 
mice underwent deep stromal trephination with a 2mm trephine to 
sever corneal nerves. Splenic GFP+ pDCs from DPE-GFP×RAG1-/- 
mice and WT CD11b+ myeloid cells were isolated. After trephination, 
104 pDCs, CD11b+ cells, or PBS control were locally applied onto the 
corneas using Tisseel tissue glue. On day 3, corneas underwent flow 
cytometry to assess protein expression of NGF. On day 14, corneas 
were stained for βIII-tubulin (pan-neuronal marker), CD45 (pan-
leukocyte marker), and MHC-II (maturation marker). Total length of 
corneal nerves was quantified via NeuronJ and densities of MHC-II+ 
cells were measured by ImageJ. ANOVA with LSD post hoc test 
was used to assess statistical significance. p<0.05 was considered 
significant.
Results: Confocal microscopy confirmed successful transfer of 
GFP+ pDCs to both central (331.5±42.7 cells/mm2) and peripheral 
corneas (447.9±74.5) on day 1 following local application of pDCs. 
Flow cytometry showed a 1.4-fold increase in the density of NGF+ 
cells on day 3 following adoptive transfer of pDCs, compared 
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with Tisseel-only control. One-time adoptive transfer of pDCs was 
accompanied by enhanced nerve regeneration on day 14 post-
trephination in both the center (44.5±10.1 mm/mm2) and periphery 
(75.9±10.9) of corneas, compared with transfer of CD11b+ cells 
(24.9±11.7, p=0.02 in center and 47.7±8.2, p=0.002 in periphery) 
as well as Tisseel-only controls (22.2±6.3, p=0.005 in center and 
62.3±4.0, p=0.04 in periphery). In corneas treated with local pDC 
transfer, we observed no significant increase in the density of MHC-
II expressing leukocytes in the center (188.3±32.1 cells/mm2 vs. 
246.4±61.4 in Tisseel-only and 301.7±68.2 in CD11b+ cell-treated) or 
periphery (205.4±24.4 vs. 250.8±18.3 in Tisseel-only and 239.8±23.8 
in CD11b+ cell-treated) compared with control groups (p>0.05), 
suggesting safety of local pDC adoptive transfer.
Conclusions: Local adoptive transfer of pDCs can enhance corneal 
nerve regeneration following nerve damage and may serve as a novel 
cell-based therapeutic approach to treat corneal nerve damage.
Commercial Relationships: Arsia Jamali; Maria J. Lopez, 
None; Victor G. Sendra, None; Deshea L. Harris, None; 
Nicholas Pondelis, None; Pedram Hamrah, None
Support: NIH-R01- EY022695 (PH), NIH-R21- EY025393 (PH).
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T helper cells that co-express RORγt and Foxp3 in high-risk 
corneal allografts at the early stage after transplant
Zhigang Fan, Sijing Yang, Cheng Ouyang, Lijun Yang, 
zhuoying Feng, Ting Huang, Jian Ge. Zhongshan Ophthalmic 
Center,Sun Yat-sen University, Guang Zhou, China.
Purpose: Rejection rate of high-risk corneal allografts is about 60%-
90% and the mechanism of allografts rejection is not well understood. 
This study was conducted to explore the potential involvement of 
RORγt + Foxp3+T helper cells in low- and high-risk corneal allograft 
rejection at early stages.
Methods: Low- and High-risk corneal transplantation was performed 
between BALB/c (recipient) and C57BL/6 (donor) mice. At day 7 
after operation, single-cell preparations of corneal allografts were 
harvested for FACS analyses of RORγt + Foxp3+T helper, Treg 
and Th17 subsets between low-risk and high-risk model. Corneal 
allografts were harvested for real-time PCR of cytokines expression. 
Fluorescence microscopy of corneas for RORγt and Foxp3 expression 
was also performed.
Results: T helper cells that Co-express RORγt and Foxp3 infiltrated 
and occupied a large proportion in Corneal allograft at early stage. 
Additionally, the proportion of RORγt+Foxp3+ T cells enhanced 
significantly in high-risk corneal allografts compared with low-risk 
ones(89.37±1.66% vs 81.18±3.25%, P=0.001). The Treg-Th17 
axis shift toward the increase of Th17 populations (2.49±0.27% 
vs 3.60±0.16%, p=0.000) and decrease of Treg (9.18±0.49% vs 
3.76±0.52%, p=0.000). Moreover, inflammatory factors play an 
important role in these pathological processes.
Conclusions: Increased numbers of RORγt + Foxp3+T cells and 
imbalance of Treg-Th17 axis in high-risk allografts indicates 
potential immunopathogenesis of high-risk corneal graft rejection at 
early stage.
Commercial Relationships: Zhigang Fan, None; Sijing Yang, 
None; Cheng Ouyang, None; Lijun Yang, None; zhuoying Feng, 
None; Ting Huang, None; Jian Ge, None
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Galectin-3 Inhibition by A Small-Molecule Inhibitor Reduces 
Both Pathological Corneal Neovascularization and Fibrosis
Noorjahan A. Panjwani1, Zhiyi Cao1, Wei-Sheng Chen1, 
Hakon leffler3, Ulf J. Nilsson2. 1Ophthalmology, Tufts University 
Medical School, Boston, MA; 2Chemistry, Lund University, Lund, 
Sweden; 3Laboratory Medicine, Lund University, Lund, Sweden.
Purpose: Corneal neovascularization and scarring commonly lead to 
significant vision loss. This study was designed to determine whether 
a small molecule inhibitor of galectin-3 can inhibit both corneal 
angiogenesis and fibrosis in experimental mouse models.
Methods: Animal models of silver nitrate cautery and alkaline 
burn were used to induce mouse corneal angiogenesis and fibrosis, 
respectively. Corneas were treated with the galectin-3 inhibitor, 
33DFTG, or vehicle alone and were processed for whole-mount 
immunofluorescence staining and Western blot analysis to quantify 
the density of blood vessels and markers of fibrosis. In addition, 
human umbilical vein endothelial cells (HUVECs) and primary 
human corneal fibroblasts were used to analyze the role of galectin-3 
in the process of angiogenesis and fibrosis in vitro.
Results: Robust angiogenesis was observed in silver nitrate-
cauterized corneas on day 5 post-injury and markedly increased 
corneal opacification was demonstrated in alkaline burn-injured 
corneas on days 7 and 14 post-injury. Treatment with the inhibitor 
substantially reduced corneal angiogenesis and opacification with a 
concomitant decrease in α-smooth muscle actin (α-SMA) expression 
and distribution. In vitro studies revealed that 33DFTG inhibited 
VEGF-A-induced HUVEC migration and sprouting without cytotoxic 
effects. The addition of exogenous galectin-3 to corneal fibroblasts in 
culture induced the expression of fibrosis-related proteins, including 
α-SMA and connective tissue growth factor.
Conclusions: Our data provide proof-of-concept that targeting 
galectin-3 by the novel, small molecule inhibitor, 33DFTG, 
ameliorates pathological corneal angiogenesis as well as fibrosis. 
These findings suggest a potential new therapeutic strategy for 
treating ocular disorders related to pathological angiogenesis and 
fibrosis.
Commercial Relationships: Noorjahan A. Panjwani; Zhiyi Cao, 
None; Wei-Sheng Chen, None; Hakon leffler, Galecto Biotech (C); 
Ulf J. Nilsson, Galecto Biotech (C)
Support: R01EY007088, R01EY009349, Mass Lions Eye Research 
fund, New England Corneal Transplant Fund, an unrestricted award 
from Research to Prevent Blindness, and Galecto Biotech.

Program Number: 997 Poster Board Number: B0029
Presentation Time: 3:15 PM–5:00 PM
Corneal-Limbal Mesenchymal Stromal Cell Secretome is 
Antiangiogenic in Vitro
Medi Eslani1, Ilham Putra1, Xiang Shen1, Judy Hamouie1, 
Asha Tadepalli1, Asadolah Movahedan1, Neda Afsharkhamseh1, 
Elham Ghahari1, Peiman Hematti2, Ali R. Djalilian1. 1Ophthalmology 
and Visual Sciences, University of Illinois at Chicago, Chicago, 
IL; 2Hematology/Oncology, Medicine, University of Wisconsin at 
Madison, Madison, IL.
Purpose: Corneal neovascularization is a visually devastating 
consequence of severe injuries or infections that result in 
inflammation and loss of the corneal anti-angiogenic milieu. We 
evaluated the angiogenic properties of corneal-limbal derived 
mesenchymal stromal/stem cell (CL-MSCs) secretome and compared 
it to bone-marrow derived MSC (BM-MSC) secretome in vitro.
Methods: BM-MSC were isolated from human healthy donors in a 
GMP facility. CL-MSCs were extracted from cadaver human corneas. 
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MSCs at passage 4 to 6 from at least 5 donors were used for all 
experiments. MSCs were grown to confluency using MEM-alpha + 
10% fetal bovine serum. Serum free secretome was collected after 48 
hours. The effect of MSC secretome was evaluated on the endothelial 
cell tube formation using human umbilical vein endothelial cells 
(HUVECs). Fibrin gel bead (FIBA) assay was used to assess 
endothelial cell sprouting after the exposure to the MSCs secretome. 
Complete HUVEC media (medium 200 + 100% low serum growth 
supplement (LSGS)) was used as the positive control while 10% 
LSGS was used the base and mixed 1:1 with either MSC secretome 
or unconditioned media to evaluate pro/anti-angiogenic effect.
Results: Mean tubule length formation was 6810 ± 1060 μm/field 
with CL-MSC secretome which was significantly lower than negative 
control (8971 ± 1111 μm/field) in HUVEC assay (P<0.001). In 
contrast, BM-MSCs secretome induced angiogenesis (10534 ± 1200 
μm/field) which was similar to positive control (10929 ± 1012 μm/
field) (P=0.24). Likewise, in FIBA assay, the mean sprout count 
was 1.15 ± 1.22, 2.6 ± 1.66, and 5.15 ± 2.25 per bead 48 hours after 
incubation with CL-MSC secretome, negative control, and BM-MSC 
secretome, respectively (P<0.001 for all comparison). Mean length 
per sprout was 69.3 ± 74.89, 158.1 ± 92.54, and 259.6 ± 102.5 μm, 
after incubation with CL-MSC secretome, negative control, BM-
MSC secretome, respectively (P<0.001 for all comparison).
Conclusions: These results demonstrate that CL-MSC secretome 
has distinct antiangiogenic effects whereas BM-MSCs secretome is 
proangiogenic. Further studies are necessary to determine if CL-MSC 
has superior anti-angiogenic effects in vivo.
Commercial Relationships: Medi Eslani, None; Ilham Putra, 
None; Xiang Shen, None; Judy Hamouie, None; Asha Tadepalli, 
None; Asadolah Movahedan, None; Neda Afsharkhamseh, None; 
Elham Ghahari, None; Peiman Hematti, None; Ali R. Djalilian, 
None
Support: Clinical Scientist Development Program Award 
K12EY021475 (ME), R01 EY024349-01A1 (ARD) and Core grant 
EY01792 from NEI/NIH; MR130543 (ARD) from DoD, Vision for 
Tomorrow (ARD), unrestricted grant to the department from RPB; 
and Eversight (providing both seed funding and human corneal 
research tissue).
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Galectin-8-Induced Angiogenesis Is Independent of VEGF-A But 
Dependent on Integrins
Wei-Sheng Chen, Zhiyi Cao, Noorjahan A. Panjwani. Ophthalmology, 
Tufts University, Boston, MA.
Purpose: Galectin-8 is a tandem-repeat type galectin that possesses 
two different carbohydrate-recognition domains. Our recent 
study has demonstrated that galectin-8 promotes pathological 
lymphangiogenesis (the growth of lymphatic vessels) through 
integrins and podoplanin in the absence of vascular endothelial 
growth factor receptor-3 (VEGFR-3), the major cell surface receptor 
that drives lymphangiogenesis. In a separate study, galectin-8 has 
been shown to promote angiogenesis (the growth of blood vessel). 
However, it is still elusive whether galectin-8-mediated angiogenesis 
involves VEGF-A/VEGFR-2 signaling axis, the key angiogenic 
pathway.
Methods: Human umbilical vein endothelial cell (HUVEC) sprouting 
assays, corneal micropocket assays, gene knockdown and antibody 
blocking assays, and galectin-8 knockout mice were used to assess 
the role and the mechanism of galectin-8-mediated angiogenesis.
Results: In animal models of suture placement and chemical injury 
in mouse corneas, we showed that inflammatory angiogenesis is 
markedly reduced in galectin-8 knockout mice. Further, in the 

corneal micropocket assay, we demonstrated that galectin-8-induced 
angiogenesis is not affected by VEGF-A blockage. Similarly, in the 
in vitro 3D sprouting assay by using HUVEC spheroids, galectin-8-
induced HUVEC sprouting is not inhibited by a VEGF-A neutralizing 
antibody. In contrast, blocking antibodies against specific integrins 
(α5β1, αvβ3 and αvβ5, but not α9β1) markedly attenuated galectin-
8-mediated HUVEC sprouting. Using affinity precipitation assays, 
we demonstrated that galectin-8-associated integrins (α5, αv, β1, β3 
and β5) possess complex N-glycans and α2,6-sialyl glycans but not 
α2,3-sialyl glycans. Moreover, in the in vitro migration assays, we 
revealed that immobilized galectin-8 promotes HUVEC migration 
(haptotaxis), whereas soluble galectin-8 has little effect on HUVEC 
migration (chemotaxis).
Conclusions: Collectively, our results suggest that galectin-8 
functions as an extracellular matrix protein to promote angiogenesis. 
More importantly, integrins but not VEGF-A/VEGFR-2, play a 
critical role in galectin-8-mediated angiogenesis.
Commercial Relationships: Wei-Sheng Chen, None; Zhiyi Cao, 
None; Noorjahan A. Panjwani, None
Support: R01EY007088 and R01EY009349
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Angiopoietin-like 3 (ANGPTL3) Does not Induce Protein-
Specific Corneal Neovascularization (CoNV) after Intrastromal 
Implantation of ANGPTL3 Pellet in Rat
Duo Sun1, Yang Liu1, Hong Li1, Ashwin C. Parenky2, Hunter Chen2, 
Andria Skinner2, Xiaolin C. Tang2, Jingtai Cao1, Carl Romano1. 
1Ophthalmology, Regeneron Pharmaceuticals Inc, Ossining, 
NY; 2Formulation Department, Regeneron Pharmaceuticals Inc, 
Tarrytown, NY.
Purpose: ANGPTL3, a member of the angiopoietin-like family, 
is produced and secreted by liver and a determinant factor for 
LDL-cholesterol (C), HDL-C and triglycerides (Jin et al. 2007, 
Jusarova V et al. 2015). It might also bind αvβ3 integrins, inducing 
endothelial cell adhesion and migration, and play a role in regulation 
of angiogenesis (Camenisch et al. 2002). REGN1500, a fully human 
monoclonal antibody, binds ANGPTL3 and thereby lowers plasma 
lipids. Using a rat corneal angiogenesis assay with pellet intrastromal 
implantation, we evaluated the angiogenic potential of human 
ANGPTL3 and compared its angiogenic effect with human Fc (hFc, 
negative control) and human vascular endothelial growth factor A 
(VEGF-A, positive control), and the ability of specific blockers to 
inhibit the CoNV.
Methods: Corneal intrastromal implantation of pellets was performed 
in SD rats, with or without systemic inhibitor treatment (at Day 0, 
6 eyes/3 rats/formulation, 1 pellet/eye). Treatment groups included 
sucralfate-blank pellet, sucralfate-hFc (500ng/pellet), sucralfate-
hANGPTL3 (500ng/pellet), sucralfate-hANGPTL3 (500ng/
pellet+REGN1500, 25mg/kg, s.c.), sucralfate-hVEGF165  
(100ng/pellet), and sucralfate-hVEGF165 (100ng/pellet+Aflibercept 
12.5mg/kg, s.c.), respectively. An additional group of 3 rats  
(6 eyes) was used as intact baseline control. At Day 6, animals 
were euthanized and perfused with fluorescein-Concanavalin A for 
vessel staining followed by dissection for corneal flat-mounts and 
fluorescence microscopy for corneal blood vessel area measurement.
Results: Compared with baseline, blank pellet induced minimal 
CoNV. hVEGF pellet demonstrated significant induction of CoNV, 
which was dramatically inhibited by systemic aflibercept treatment. 
hFc and hANGPTL3 pellets both also resulted in similar level of 
CoNV which was a bit less than that from hVEGF pellet. REGN1500 
(25 mg/kg, 5-fold above the effective dose for triglyceride reduction) 
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did not inhibit the non-specific CoNV induced by pellets containing 
ANGPTL3.
Conclusions: Our study reproduces the results of the literature 
that pellet containing hANGPTL3 induces CoNV with comparable 
magnitude as observed for pellet containing hVEGF. However, 
corneal angiogenesis induced by ANGPTL3 pellets appears to be a 
non-specific protein effect and is not blocked by REGN1500.
Commercial Relationships: Duo Sun; Yang Liu, None; 
Hong Li, None; Ashwin C. Parenky, None; Hunter Chen, None; 
Andria Skinner, None; Xiaolin C. Tang, None; Jingtai Cao, None; 
Carl Romano, None

Program Number: 1000 Poster Board Number: B0032
Presentation Time: 3:15 PM–5:00 PM
Inhibition of Corneal Neovascularization by Dexamethasone-
Eluting Contact Lenses in a Rabbit Model
Hidenaga KOBASHI1, Lokendra Bengani1, Amy E. Ross1, 
Hualei Zhai1, Sharad Mittal1, Sunil Chauhan1, Daniel S. Kohane2, 
Joseph B. Ciolino1. 1Ophthalmology, Schepens Eye Research 
Institute, Brookline, MA; 2Department of Anesthesiology, Boston 
Children’s Hospital, Boston, MA.
Purpose: To evaluate the effects of dexamethasone-eluting 
contact lenses (D-lenses) on experimentally induced corneal 
neovascularization (CNV) and to compare the efficacy to that of the 
current mainstay of treatment, which is the frequent use of steroid eye 
drops.
Methods: CNV was induced by placing 7-0 silk sutures along 
the superior and inferior corneas of the right eye of New Zealand 
white rabbits, which were then exposed to one of the following 
regimens for one week: 1) no Treatment, 2) topical dexamethasone 
sodium phosphate drops (0.1 %, 8 drops a day), 3) D-lenses, 4) 
Contact lenses without dexamethasone (n = 6 per group). Two 
masked observers measured the area of CNV (mm2) from slit lamp 
photographs taken on day 7. Corneal inflammation was assessed on 
day 7 by analyzing CD45+ cell (leukocyte) frequencies in corneal 
tissue using flow cytometry.
Results: CNV area (mm2) was less for D-Lens (4.0 ± 2.2) compared 
to no treatment (15.0 ± 3.2, p < 0.001) or contact lenses without 
dexamethasone (17.6 ± 2.6, p < 0.001), but not significantly 
different from hourly dexamethasone drops (3.4 ± 2.8, p=0.966). 
The frequencies of CD45+ cells in corneal tissues were significantly 
lower in D-Lens (5.0 ± 4.5) group compared to no treatment (14.8 ± 
4.1, p < 0.001) or contact lens without dexamethasone (10.5 ± 4.0, p 
= 0.023) group, but were not different from dexamethasone hourly 
drop group (4.8 ± 2.7, p=0.942).
Conclusions: Dexamethasone-eluting contact lens effectively 
inhibited CNV and corneal inflammation, similar to the efficacy of 
hourly-administred dexamethasone eye drops. Contact lens drug 
delivery may be an option for the prevention of post-keratoplasty 
rejection and a platform for ocular drug delivery.
Commercial Relationships: Hidenaga KOBASHI, None; 
Lokendra Bengani, None; Amy E. Ross, None; Hualei Zhai, None; 
Sharad Mittal, None; Sunil Chauhan, None; Daniel S. Kohane, 
Boston Children’s Hospital (P); Joseph B. Ciolino, Mass Eye and 
Ear (P)
Support: 1) Department of Defense 2) Research to prevent blindness 
2) MEEI/BLJ Ocular Surface Research Fellowship
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Fine needle diathermy induces regression of murine corneal 
(lymph)angiogenesis
Viet Nhat Hung Le, Felix Bock, Claus Cursiefen. Ophthalmology, 
University Hospital of Cologne, Cologne, Germany.
Purpose: Fine needle diathermy (FND) is currently one of the 
clinical choices for managing pathologic corneal neovascularization. 
However, whether this treatment besides clinically visible blood 
vessels also affects lymphatic vessels is so far unknown. Here we 
test the hypothesis that fine needle diathermy does not only destroy 
visible blood, but also regresses invisible lymphatic vessels.
Methods: The effect of FND on putative regression of corneal blood 
and lymphatic vessels was studied in vivo using the 6-8 weeks old 
BALB/c mouse model of suture-induced inflammatory corneal 
neovascularization. Study mice were divided into 3 groups (five 
mice each group): FND (treated with FND and anti-inflammatory 
eye drops), Anti (treated with only anti-inflammatory drops) and Non 
(no treated). Five, 7, 10 and 20 days after cauterization, corneas were 
harvested and stained with LYVE-1 and CD31. The corneal area 
covered by blood and lymphatic vessels was analyzed and quantified 
using a semiautomatic method based on the image analysis program 
Cell^F.
Results: Both blood and lymphatic vessels were significantly reduced 
in the FND group compared to group Non at all four time points 
(p < 0.05). The most obvious effect of FND on regression of both 
hemangiogenesis and lymphangiogenesis is observable at day  
7 (p<0.01).
Conclusions: Fine needle diathermy not only destroys and regresses 
visible pathologic corneal blood vessels, but also associated clinically 
invisible lymphatic vessels. This novel antilymphangiogenic and 
lymphangioregressive effect of FND can be used clinically to 
promote graft survival in high-risk corneal transplant eyes.
Commercial Relationships: Viet Nhat Hung Le, None; Felix Bock, 
None; Claus Cursiefen, None
Support: DFG FOR 2240; EU ARREST BLINDNESS; EU COST 
BM1302

Program Number: 1002 Poster Board Number: B0034
Presentation Time: 3:15 PM–5:00 PM
PDT timing dependent regression of corneal blood and lymphatic 
vessels after intravenous Verteporfin injection
Yanhong Hou, Felix Bock, Claus Cursiefen. Department of 
Ophthalmology, University of Cologne, Cologne, Germany.
Purpose: Pathological corneal (lymph)angiogenesis is a known risk 
factor for immune-mediated allograft rejection after keratoplasty. 
However, there is no efficient treatment to regress pre-existing 
pathological corneal blood and lymphatic vessels in vascularized 
high-risk eyes prior to corneal transplantation. This study assessed 
the possibility to regress corneal blood and lymphatic vessels by 
photodynamic therapy (PDT) after systemic intravenous Verteporfin 
injection and the influence of timing of PDT after injection of the 
photosensitizer.
Methods: Female BALB/c mice were used for suture-induced 
inflammatory corneal neovascularization to induce combined hem- 
and lymphangiogenesis. Thereafter, the treatment group received 
PDT treatment 3 minutes, 1 hour and 24 hours after an intravenous 
injection of Verteporfin (control group: phosphate buffered saline 
(PBS)). Corneas were excised 3 days after corneal photodynamic 
therapy and corneal flatmounts were stained with FITC-conjugated 
CD31 and LYVE-1 to quantify hem- and lymphangiogenesis.
Results: Corneal blood vessels showed a significant reduction when 
PDT was performed 3 minutes after Verteporfin injection (p<0.05) 
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while lymphatic vessels showed no significant difference. Both 
blood vessels (BV) and lymphatic vessels (LV) were significantly 
regressed when performing PDT 1 hour (BV: p<0.01; LV: p<0.001) 
or 24 hours (BV: p<0.05; LV: p<0.01) after intravenous application of 
Verteporfin.
Conclusions: This study shows that PDT after intravenous injection 
of Verteporfin can selectively regress pre-existing corneal blood 
vessels or both blood and lymphatic vessels depending on the 
timing of PDT after injection. PDT 1 hour and more after a systemic 
photosensitizer injection destroys both vessel types.
Therefore, this PDT strategy might be a promising anti(lymph)
angiogenic method to reduce pre-existing blood and lymphatic 
vessels prior to keratoplasty in high-risk eyes to promote corneal 
graft survival.
Commercial Relationships: Yanhong Hou; Felix Bock, None; 
Claus Cursiefen, None
Support: DFG FOR2240; EU ARREST BLINDNESS
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Selective IκB kinase β inhibitor IMD-0354 is a potent 
antineovascular compound in model of corneal 
neovascularisation in rats
Anton Lennikov1, 3, Anthony Mukwaya1, Mirabelli Pierfrancesco1, 
Mira Schaupper1, Muthukumar Thangewelu1, Zaheer Ali2, 
Lasse Jensen2, Neil S. Lagali1. 1Department of Ophthalmology, 
Linkoping University, Linköping, Sweden; 2Department of Medical 
and Health Sciences, Division of Cardiovascular Medicine, 
Linkoping University, Linkoping, Sweden; 3Laboratory of 
Biomedical Cell Technologies, Far Eastern Federal University, 
Vladivostok, Russian Federation.
Purpose: IMD0354 is a known specific NFκB inhibitor, which acts 
by inhibiting the IKK-induced phosphorylation of IkBα, and results 
in reduced NFκB activation. There was several publications regarding 
IMD0354 potent antinflamatory effect in several animal models, 
but it’s potency as anti-angiogenic agent, has not been thoroughly 
investigated. Here we use the model of inflammatory induced corneal 
neovascularisation in rats to evaluate IMD0354 immune modulated 
effect on corneal neovascularisation in rats as well as to study the 
direct effects on HUVEC cell culture in vitro.
Methods: The surgical procedure consisted in placement of two 
intrastromal corneal sutures (10-0 nylon) at a distance of 1.5 mm 
from the temporal limbus in 10 weeks old Wistar rats. All procedures 
involving animals were performed in accordance with the ARVO 
resolution on the use of animals in research. IMD-0354 30 mg/kg was 
suspended in 200 μl of 0.5% carboxymethylcellulose (CMC) vehicle 
immediately before use. Animals were administered with CMC or 
IMD0354 via IP injection every 48 hours. Formation of new vessels 
in cornea, limbal vessel dilation and inflammatory cells infiltration 
were studied for 4 days in-vivo.
Ex-vivo analysis included: qPCR, IHC and WB analysis of VEGFa, 
CXCL5, CCL2, CXCR2, CD45 in corneal tissue. In-vitro study of 
IMD0354 at 10 ng/ml in HUVEC cells evaluated in cell migration 
and Geltrix tube formation assays, as well as expression profiling for 
VEGF, CXCL5 and CCL2, using IF and WB analysis.
Results: IMD0354 treatment have significantly reduced inflammatory 
corneal cell infiltration (p<0.05) and vascular dilation (p<0.05) in 
vivo. qPCR data, supported with IHF and WB observations indicated 
reduced expression of VEGF (p<0.01), CXCL5 (p<0.01), CCl2 
(p<0.01), CXCR2 (p<0.05) and CD45 in the corneal tissue.
In-vitro experiments demonstrated a direct inhibitory effect of 
IMD0354 on cell migration (p<0.01) and tube formation (p<0.01) 

assays. IHF and WB findings supported reduced expression of 
VEGFa, CXCL5 and CCL2 in-vitro.
Conclusions: IMD0354 have immune system modulated and direct 
inhibitory effect on corneal neovascularisation in rats by reduction of 
NFkB downstream signaling and endothelial cells mobility in-vivo 
and in-vitro. 
Commercial Relationships: Anton Lennikov, None; 
Anthony Mukwaya, None; Mirabelli Pierfrancesco, None; 
Mira Schaupper, None; Muthukumar Thangewelu, None; 
Zaheer Ali, None; Lasse Jensen, None; Neil S. Lagali, None
Support: Swedish Research Council (Grant No. 2012–2472)
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Cornea re-vascularisation response after initial vascular 
regression
Anthony Mukwaya2, Maria Xeroudaki2, Anton Lennikov2, 
Beatrice Peebo2, Lasse Jensen1, Neil S. Lagali2. 1Department of 
Medical and Health Sciences, Division of Cardiovascular Medicine, 
Linköping University, 581 83 Linköping, Sweden, Linkoping 
University, Linkoping, Sweden; 2Department of Ophthalmology, 
Institute for Clinical and Experimental Medicine, Faculty of 
Health Sciences, Linkoping University, 58183 Linköping, Sweden, 
Linkoping University, Linkoping, Sweden.
Purpose: Cessation of anti-VEGF therapy can lead to vessel 
regrowth. In the cornea, regression of vessels can lead to the 
appearance of ghost vessels which can persist for a long time. 
However, little is known about the role played by these ghost vessels 
in the event of a second corneal neovascularisation. Here, we aimed 
to investigate the role of ghost vessels in re-vascularisation of the 
cornea in a rat model of angiogenesis.
Methods: Male Wistar rats were sutured temporally in the cornea at 
1.5mm from the limbus on day 0. On day 7, the vascularized area of 
the cornea was imaged in vivo, followed by suture removal to induce 
capillary regression over a period of four weeks. At four weeks, the 
cornea was re-sutured. At 24h, 72h, and 96h after re-suturing, in 
vivo imaging was performed, and corneal tissue was harvested for 
immunohistochemical analysis and global gene expression analysis 
(at 24h) using microarrays.
Results: Empty basement membrane sleeves were not rapidly 
re-functionalized upon re-suturing. Instead, ghost vessels, which 
were severely narrowed but with detectable flow, underwent a rapid 
and powerful dilation phenomenon from 24h to 96h. This was 
accompanied by rapid blood flow, and infiltration of inflammatory 
cells. Several days post-dilation, new sprouting from dilated ghost 
vessels was observed.
Conclusions: Corneal revascularisation occurs via rapid re-perfusion 
and hyper-dilation of pre-existing persistent ghost vessels. Previously 
abandoned empty basement membrane sleeves do not re-perfuse; 
instead, new sprouts originate from hyper-dilated ghost vessels. This 
highlights the importance of targeting persistent ghost vessels in an 
otherwise regressed vascular bed.
Commercial Relationships: Anthony Mukwaya, None; 
Maria Xeroudaki, None; Anton Lennikov, None; Beatrice Peebo, 
None; Lasse Jensen, None; Neil S. Lagali, None
Support: Swedish Research Council (Grant No. 2012-2472)
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Evaluation of corneal neovascularization using optical coherence 
tomography angiography in patients with limbal stem-cell 
deficiency
Yoshinori Oie, takeshi soma, Shizuka Koh, Satoshi Kawasaki, 
Motokazu Tsujikawa, Naoyuki Maeda, Kohji Nishida. 
Ophthalmology, Osaka University, Suita, Japan.
Purpose: It is often difficult to exactly detect the area of corneal 
neovascularization using slit-lamp photography. We evaluated corneal 
neovascularization in patients with limbal stem-cell deficiency using 
optical coherence tomography angiography (OCTA).
Methods: This study was conducted at Osaka University Hospital 
department of Ophthalmology. 31 patients of 41 eyes with partial 
and total limbal stem-cell deficiency were enrolled. (mean age 
64.4±17.7years) (11 eyes with Stevens-Johnson syndrome, 10 eyes 
with Ocular pemphigoid, 10 eyes with chemical burn, 2 eyes with 
KID syndrome, 2 eyes with aniridia, 2 eyes with idiopathic,  
4 eyes with other causes) Five images (frontal, upper, lower, nasal, 
temporal) with the size of 6mm x 6mm were obtained using OCTA 
(RTVue XR Avanti, Optovue, Fremont). Slit lamp photography was 
also taken for all patients. Quality of scans was graded 0-4. (Anijee 
DR Cornea 2012) Vascularization was graded 1-4 depending on the 
extent of corneal neovascularization.
Results: Quality of scans by OCTA (3.0±0.7) was significantly 
higher than slit lamp photography (1.8±0.7) (p=0.003, Mann-Whitney 
Rank Sum test). Vascularization score (3.5±0.7) evaluated by OCTA 
was similar to slit lamp photography (3.6±0.6) (p=0.324, Mann-
Whitney Rank Sum test). Representative cases are shown in Figures.
Conclusions: OCTA is a powerful tool for evaluation on 
vascularization in anterior segment as well as posterior segment 
of the eye. It was shown that OCTA can visualize corneal 
neovascularization in patients with corneal diseases more clearly 
compared to slit lamp photography.
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Specific Inhibition of inflammatory corneal lymphangiogenesis by 
topical application of Sema3F
Felix Bock1, Ann-Charlott Schneider1, Andreas Stahl2, Tristan Reuer2, 
Claus Cursiefen1. 1Ophthalmology, University of Cologne, Cologne, 
Germany; 2Department of Ophthalmology, University of Freiburg, 
Freiburg, Germany.
Purpose: 
Inflammatory corneal hem- and lymphangiogenesis is the major 
risk factor for immune rejections after penetrating keratoplasty. 
Semaphorin 3F (Sema3F) has been shown to suppress 
lymphangiogenesis in several settings. Purpose of this study was 
to investigate whether the same effect could be achieved by local 
application of Sema3F.
Methods: 
Three interrupted 11-0 nylon sutures were placed into the corneal 
stroma of BALB/c mice (6 weeks old) and left in place for 14 days 
to induce neovascularization. The treatment group (n=10) received 
Sema3F as eye drops three times per day (50μg/drop). Control 
mice received an equal amount of PBS. For immunohistochemistry, 
corneal flat mounts were stained with LYVE-1 as a specific lymphatic 

vascular endothelial marker and CD31 as pan endothelial marker. 
Morphometry was performed with the image analysis software 
Cell^F (Olympus, Germany). Additionally, macrophages in the 
cornea as well as from the draining lymph nodes were analysed.
Results: 
Sema3F treated mice showed a significant and specific 
downregulation of lymphangiogenesis compared with PBS control 
mice (p<0.001), whereas hemangiogenesis and macrophage 
frequency was not affected.
Conclusions: 
Corneal lymphangiogenesis is significantly impaired by applying 
Sema3F topically as eye drops. This effect could be exploited to 
inhibit lymphangiogenesis after corneal transplantation to promote 
graft survival.
Commercial Relationships: Felix Bock, None;  
Ann-Charlott Schneider, None; Andreas Stahl, None; 
Tristan Reuer, None; Claus Cursiefen, None
Support: FOR 2240
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Id Genes: Key Regulator of Fibroblast Transdifferentiation to 
Myofibroblast In The Cornea
Suneel Gupta1, 2, Tripathi Ratnakar1, 2, govindaraj anumanthan1, 2, 
Michael K. Fink1, 2, Prashant R. Sinha1, 2, Elizabeth A. Giuliano2, 
Nathan P. Hesemann1, 3, Shyam S. Chaurasia2, Rajiv R. Mohan1, 2. 
1Harry S. Truman Memorial Veteran Hospital, Columbia, MO; 
2College of Veterinary Medicine, University of Missouri, Columbia, 
MO; 3Mason Eye Institute, University of Missouri, Columbia, MO.
Purpose: Differentiation of corneal fibroblasts to myofibroblasts is 
a major underlying mechanism for corneal scarring development. 
Inhibitor of differentiation (Id) genes regulate cellular proliferation, 
differentiation and fibrosis in many tissues. Recently, we 
characterized Id genes expression in human cornea, and their role in 
corneal wound healing. This study tested the hypothesis that Id2 or 
Id3 over-expression into human corneal fibroblasts effectively blocks 
differentiation of corneal fibroblasts to myofibroblasts and offers an 
innovative gene therapy method to treat corneal fibrosis in vivo.
Methods: Primary human corneal fibroblast (HCF) and corneal 
myofibroblast (HMF) cultures generated from donor human corneas 
were used. HMF were produced by growing HCF in 5ng/ml TGFβ1 
for 72h under serum-free conditions. Lipofectamine-3000 and G418 
were used for gene transfer and stable clone selection, respectively. 
Immunofluorescence, immunoblotting, and qPCR were used to 
confirm gene transfer and quantify mRNA and protein levels of 
profibrotic markers in cultures. New Zealand White rabbits were used 
for in vivo studies.
Results: Several Id2 or Id3 overexpressing HCF clones were 
characterized. Stably transfected HCF clones having Id2 or Id3 gene 
copies >106 showed phenotype, viability, and proliferation similar to 
non-transfected normal HCFs. Id2 or Id3 gene transfer significantly 
inhibited TGFβ1-mediated HCF differentiation to HMF in vitro. 
Immunofluorescence detected significant decrease in alpha smooth 
muscle actin (75-87%, p<0.01) and fibronectin (76-82%, p<0.01) 
proteins. The qPCR demonstrated significantly attenuated mRNA 
levels of fibrotic markers, smooth muscle actin (4.3-4.6±0.05 fold, 
p<0.1), fibronectin (2.4-2.8±0.4 fold, p<0.01), collagen I (2.9-3.3±0.6 
fold, p<0.01), and collagen IV (2.1-2.5±0.05 fold, p<0.01). Results of 
in vivo rabbit studies are pending.
Conclusions: Id2 and Id3 gene therapy given topically using 
identified safe and efficacious nanoparticle or adeno-associated virus 
(AAV) vector has potential to treat corneal fibrosis in vivo.
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Commercial Relationships: Suneel Gupta, None; 
Tripathi Ratnakar, None; govindaraj anumanthan, 
None; Michael K. Fink, None; Prashant R. Sinha, None; 
Elizabeth A. Giuliano, None; Nathan P. Hesemann, None; 
Shyam S. Chaurasia, None; Rajiv R. Mohan, None
Support: Veteran Health Affairs Merit 1I01BX00035701 (RRM)
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Human Xylosyltransferase-1: A New Marker for Corneal Fibrosis 
Detection
Ratnakar Tripathi1, 2, Kaitlin E Smith3, Suneel Gupta2, 1, 
govindaraj anumanthan2, 1, Michael K. Fink2, 1, Nishant R. Sinha2, 1, 
Dishti Goyal1, Rajiv R. Mohan3, 2. 1VMTH, University of Missouri, 
Columbia, MO; 2Ophthalmology, Truman VA Hospital, Columbia, 
MO; 3Mason Eye Institute and VMTH, University of Missouri, 
Columbia, MO, United States., Columbia, MO.
Purpose: Corneal scarring (fibrosis) is characterized by the de 
novo formation of myofibroblast and extracellular matrix including 
proteoglycans. Human xylosyltransferase-1 (XT1) has been found to 
catalyze glycosaminoglycan biosynthesis at fibrotic onset in non-
ocular tissues, however its expression and role in normal and fibrotic 
corneas is still unknown. We tested the hypothesis that XT1 can serve 
as a biomarker for corneal fibrotic remodeling. The specific aims 
were to: 1) characterize XT1 expression in normal and wounded 
human and rabbit corneas, 2) investigate its role in corneal wound 
healing, and 3) determine whether XT1 can serve as a biomarker for 
corneal fibrosis.
Methods: The normal and injured corneas of the New Zealand 
White rabbits under approved IACUC and donor human corneas 
(normal and diseased) exempt from IRB were used. Primary corneal 
fibroblast (HCF) and myofibroblast (HMF) cultures generated from 
normal donor human corneas were also used. HMF were produced 
by growing HCF in 5ng/ml transforming growth factor-β1 (TGFβ1) 
for 72h under serum-free conditions. Immunofluorescence, H&E, 
immunoblotting, and real-time quantitative PCR analyzed mRNA and 
protein levels of selected genes. The α-smooth muscle actin (αSMA), 
a well acceptable myofibroblast marker in corneal field, was used as a 
control in comparative studies.
Results: Normal rabbit and human corneas showed no expression 
of XT1 and αSMA. Conversely, wounded (alkali burn and 
photorefractive keratectomy applied) rabbit corneas showed 
significantly high levels of XT1 and αSMA mRNA expression 
(p<0.01). Immunofluorescence detected significant number of 
αSMA+ and XT1+ cells in wounded rabbit corneas than uninjured 
corneas. It is note that XT1 mRNA levels were >100 folds higher 
than the αSMA. TGFβ1 treated HCF showed significantly higher 
levels of XT1 and αSMA mRNA levels compared to untreated 
HCF (p<0.01). HMF cultures showed much greater levels of XT1 
compared to αSMA mRNA (5-35 fold; p<0.01) in time-dependent 
manner (4h-7days).
Conclusions: XT1 may serve as a biomarker for corneal fibrosis. 
Future studies will test the potential of XT1 for mitigating corneal 
scarring.
Commercial Relationships: Ratnakar Tripathi, None; Kaitlin 
E Smith, None; Suneel Gupta, None; govindaraj anumanthan, 
None; Michael K. Fink, None; Nishant R. Sinha, None; 
Dishti Goyal, None; Rajiv R. Mohan, None
Support: RO1EY17294
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Tyrosinase: a novel endogenous regulator of (corneal) 
lymphangiogenesis
Thomas Clahsen1, Birgit Regenfuss1, Christian Büttner2, 
Marie-Luise Dreisow1, Tim Gabriel1, Felix Bock1, André Reis2, 
Claus Cursiefen1. 1Department of Ophthalmology, University of 
Cologne, Cologne, Germany; 2Department of Human Genetics, 
University Hospital Erlangen, Erlangen, Germany.
Purpose: Lymphangiogenesis is critically involved in tissue fluid 
balance, tumor metastasis and immune responses. The normal cornea 
is an avascular and alymphatic tissue with a distinct limbal lymphatic 
vascular arcade. The genetic background significantly influences 
the architecture of this limbal lymphatic arcade and of corneal 
lymphangiogenesis. Here we analyzed the responsible genetic factors 
for the different vascular phenotype in limbal lymphatic vessel 
architecture in BALB/c (low endogenous limbal lymphatic vessels) 
and C57BL/6 (high endogenous limbal lymphatic vessels) mice.
Methods: Quantitative trait locus (QTL) analysis was used to 
combine phenotypic information (e.g. vessel area) and genotypic 
data (e.g. molecular markers) to reveal possible candidate genes 
contributing to the observed variation in the analyzed trait. Naïve 
corneas of BALB/c, C57BL/6N and B6N-TyrcBrd mice were excised 
and whole-mounts were stained with the lymphatic vessel marker 
LYVE-1. The vessel area, vessel length, number of branching points 
(BPs), endpoints (EPs), and sprouts were analyzed using cellF. 
Proliferation of human dermal lymphatic endothelial cells (HDLEC) 
was measured by using a BrdU based cell proliferation ELISA. The 
cell viability of HDLECs was determined by using MTT.
Results: By using the BALB/c x C57BL/6 intercross for QTL 
analysis we identified a potential candidate gene responsible for 
the differences in the limbal lymphatic vessel architecture on 
chromosome 7, the tyrosinase gene. To further analyze if tyrosinase 
influences the limbal lymphatic vessel architecture, we compared 
C57BL/6 and B6N-TyrcBrd mice. The comparison of both strains 
showed a significant increase in lymph vessel area in B6N-TyrcBrd 
mice compared to C57BL/6N mice. Similarly, the relative number 
of EPs and BPs was significantly higher in B6N-TyrcBrd mice 
compared to C57BL/6N mice. Furthermore in vitro experiments 
showed that the stimulation of HDLECs with recombinant tyrosinase 
led to significant reduced viability, proliferation and tube formation 
compared to unstimulated HDLECs.
Conclusions: In this study we identified tyrosinase as a novel 
endogenous regulator of lymphangiogenesis and as a novel regulator 
of different limbal lymphatic vascular phenotypes in BALB/c and 
C57BL/6 mice. This opens new treatment avenues in diseases 
associated with pathologic lymphangiogenesis.
Commercial Relationships: Thomas Clahsen, None; 
Birgit Regenfuss, None; Christian Büttner, None; Marie-
Luise Dreisow, None; Tim Gabriel, None; Felix Bock, None; 
André Reis, None; Claus Cursiefen, None
Support: Gernam Research Foundation (DFG)-FOR2240; EU-Arrest 
Blindness
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The Role of Toll-like Receptor 3 in Corneal Neovascularization
Ruijuan Zhao, Shao Bo Su, Xiaofeng Lin. Zhongshan Ophthalmic 
Center, Sun Yat-sen University, Guangzhou, China.
Purpose: Inflammation is closely linked to neovascularization, and 
Toll-like receptors (TLRs) are the key mediators of inflammatory 
responses. However, the role of TLR3 in neovascularization has not 
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been fully uncovered. In this study, we sought to determine the effect 
of TLR3 on corneal neovascularization (CNV).
Methods: A mouse model of alkali-induced CNV was used in this 
study. Polyinosinic-polycytidylic acid [poly(I:C)] was topically 
administered to wounded cornea after alkali injury. Eyes were 
examined with a slit lamp 7 and 14 days after alkali injury. Corneas 
were removed from eyes for immunofluorescence analysis to 
examine the expression of CD31 and TLR3. Total RNA of corneas 
was performed by real time PCR to examine the expression of 
cytokine stromal cell-derived factor 1 (SDF-1) in TLR3-deficient 
mice. Migration assay was performed to examine the mobility of 
human umbilical vein endothelial cells (HUVECs).
Results: CNV was attenuated in TLR3-deficient mice. Further study 
revealed that the absence of TLR3 led to decreased production of 
cytokine SDF-1, which is a well-characterized one in regulating the 
recruitment of endothelial progenitor cells (EPCs) to the sites of 
neo-angiogenic niches of injury. Topical application of poly(I:C), a 
synthetic ligand for TLR3, to the injured cornea promoted CNV in 
wild type mice but not in TLR3-deficient mice. Poly(I:C) in vitro 
enhanced the migration of HUVECs.
Conclusions: These results indicate an essential role of TLR3 in 
CNV by upregulating the expression of SDF-1, which recruits EPCs 
to the sites of injury for neovascularization. Thus, targeting TLR3 
signaling cascade may constitute a novel therapeutic approach to 
neovascularization-related diseases.
Commercial Relationships: Ruijuan Zhao; Shao Bo Su, None; 
Xiaofeng Lin, None
Support: Grant 31471122 from the National Natural Science 
Foundation of China
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Topical steroids vs anti-Vegf in experimental corneal 
neovascularization: differential efficacy, microscopic features and 
genomic response
Pierfrancesco Mirabelli1, Anthony Mukwaya2, Anton Lennikov2, 
Maria Xeroudaki1, Beatrice Peebo1, Neil S. Lagali2. 1Department 
of Ophthalmology and Department of Clinical and Experimental 
Medicine, Linköping University, Linköping, Sweden; 2Department 
of Clinical and Experimental Medicine, Linköping University, 
Linköping, Sweden.
Purpose: Pathologic angiogenesis is involved in cancer and several 
blinding conditions, like wet AMD, proliferative retinopathies and 
corneal neovascularization. Among available treatments, anti-
VEGF often shows limited efficacy, while steroids are potentially 
responsible for many side-effects. We performed a series of linked 
studies to assess the efficacy of topical dexamethasone relative to 
anti-VEGF in a corneal model of experimental neovascularization, 
and the effect on microscopic features in vivo and on gene 
expression.
Methods: Male Wistar rats were sutured intrastromally in right 
corneas 1.5 mm from the temporal limbus. Thereafter, treatment 
was given with dexamethasone, rat specific anti-Vegf, or goat 
IgG (control), topically QID for 2-7 days. Slit lamp photography 
to assess and quantify macroscopic vessel growth, and in vivo 
confocal microscopy to study cell infiltration and limbal vessel 
dilation, and detect microscopic vessel sprouts, were performed 
longitudinally. Genomic analysis with RNA Microarray, selected 
gene expression with q-RTPCR, and selected protein expression in 
tissue (immunohistochemistry, immunofluorescence, western blot) 
were performed at 48 hours, during the early pre-sprouting phase.
Results: At day 7, dexamethasone suppressed corneal 
neovascularization more than anti-Vegf (90% vs. 14%). No difference 

was detectable concerning cell infiltration on IVCM at 48 hours, 
but only dexamethasone inhibited limbal vessel dilation (p < 0,01). 
Microarray at 48 hours showed that in dexamethasone treated cornea 
511 fewer genes were differentially expressed relative to naïve 
corneas, compared to anti-Vegf and IgG. Among the differentially 
expressed genes, several major and novel angiogenic and pro-
inflammatory factors and chemokines were suppressed only by 
dexamethasone.
Conclusions: More effective treatments of corneal inflammation and 
neovascularization with less side-effects are needed. In this study 
several potential novel factors and mechanisms are identified that 
are not addressed by anti-VEGF therapy, and therefore represent 
interesting targets for further study.
Commercial Relationships: Pierfrancesco Mirabelli, 
None; Anthony Mukwaya, None; Anton Lennikov, None; 
Maria Xeroudaki, None; Beatrice Peebo, None; Neil S. Lagali, 
None
Support: County council of Östegötland, Sweden. Cronqvist 
stiftelse, Sweden.
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Pharmacogenetic manipulation of neuronal activity reveals a role 
of brain spinal trigeminal nucleus in reflex tearing
Yusuke Izuta1, Michiko Shibuya1, Erina Onishi1, Imada Toshihiro1, 
Shigeru Nakamura1, Ayano Katagiri2, Akihiro Yamanaka3, 
Kazuo Tsubota1. 1Ophthalmology, School of Medicine, Keio 
Univetsity, Shinjuku, Japan; 2Department of Physiology, Nihon 
University School of Dentistry, Tokyo, Japan; 3Department 
of Neuroscience II, Nagoya University Research Institute of 
Environmental Medicine, Nagoya, Japan.
Purpose: Reflex tearing, marked transient secretion, is physiological 
reaction against sensory stimuli to cornea from external. Vc/C1 
region of spinal trigeminal nucleus of brain (Vc/C1) is known to 
relay region of corneal sensation. Designer Receptors Excusively 
Activated by Designer Drugs (DREADD) technology enable to 
manipulate specific neuronal activity in a freely moving animal. In 
this study, using DREADD system, we investigate the role of the Vc/
C1 in reflex tearing.
Methods: Eight weeks, female C57Bl/6J mice were used. Surgeries 
for Adeno associated virus (AAV) injections were conducted under 
pentobarbital anesthesia (50 mg/kg, i.p.) using stereotaxic instrument 
with a glass micropipette and an air pressure injector system. AAV-
CMV-hM3Dq-mCherry (600nl/injection) were unilaterally injected 
into Vc/C1 (according to mouse brain atlas). Two weeks over after 
the surgery, the changes in tear secretion and eye scratching behavior 
were analyzed after the fiting of hM3Dq expressed neurons by 
administration of hM3Dq agonist clozapine-N-oxide (CNO)  
(1mg/kg, i.p.). Saline was used as control.
Results: Increase in tear secretion along with eye scratching behavior 
were specifically observed in ipsilateral to the AAV injected side 
Increasing ratio were peaked at 30min after the CNO injection, 
approximately 200% (tear secretion) and 3000% (eye scratching) 
to before CNO injection (n=5). These increase were sustained up to 
240minutes. Administration of saline did not altered these responses. 
In all mice, the expresiion of hM3Dq-mCherry were confirmed in Vc/
C1 region.
Conclusions: Our results indicate that activation of Vc/C1 region 
involves in reflex tearing.
Commercial Relationships: Yusuke Izuta, None; 
Michiko Shibuya, None; Erina Onishi, None; Imada Toshihiro, 
None; Shigeru Nakamura, None; Ayano Katagiri, None; 
Akihiro Yamanaka, None; Kazuo Tsubota, None
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The Ocular Pain Assessment Survey and In Vivo Confocal 
Microscopy as Valuable Tools in the Diagnosis and Management 
of Patients with Corneal Neuropathic Pain
Maria J. Lopez, Alessandro Abbouda, Nicholas Pondelis, 
Bijan Khaksari, Arsia Jamali, zeina salem, Pedram Hamrah. 
Ophthalmology, Tufts Medical Center, Boston, MA.
Purpose: Quality of life (QOL) in patients with corneal neuropathic 
pain (CNP) can be greatly diminished due to the high impact of this 
condition on patients’ daily activities. Diagnosis and management 
of these patients are challenging due to the lack of clinical signs on 
slit-lamp examination. This study was designed to assess new tools 
for the diagnosis of patients with CNP utilizing in vivo confocal 
microscopy (IVCM) and a novel quantitative pain questionnaire, 
the Ocular Pain Assessment Survey (OPAS) and the utility of the 
combination of these in the management of patients with CNP.
Methods: This is a cross-sectional, single-center study, including 
18 patients with the diagnosis of CNP who had completed the 
OPAS questionnaire. IVCM was performed for the central cornea 
of all patients. Two masked observers analyzed three representative 
IVCM images of the subbasal corneal nerve layer for the density 
of microneuromas (injured nerves that develop enlarged terminal 
sprouts), nerve density, dendritiform cell (DC) density and 
morphology (DC field). IVCM data were correlated with results of 
OPAS questionnaire utilizing Pearson’s correlation test. A p-value 
<0.05 was considered statistically significant.
Results: The mean age of patients was 54.7±14.8 years (Male/female 
ratio: 5/13). On IVCM, 100% of patients presented microneuromas 
(density 6.35±0.66 neuromas/mm2). This presence of microneuromas 
correlated positively with the severity of ocular pain at the day of the 
visit and during the last two weeks (R=0.530 and 0.501, p=0.02 and 
0.04 respectively), and eye pain affecting overall QOL (R=0.566, 
p=0.02). DC field on IVCM (mean 185.5±123.2 μm2), a sign of 
immune activation showed significant correlation with eye pain 
during the last two weeks (R=0.523, p=0.03). Nerve density (mean 
11.37±6.93 mm/mm2) correlated with the presence of associated 
factors such as redness, burning, sensitivity to light and tearing 
(R=0.567, p=0.02).
Conclusions: The OPAS questionnaire provides a novel tool in the 
quantitative assessment of CNP patients’ symptoms. Microneuromas 
on IVCM may potentially serve as a diagnostic marker for CNP. 
The combination of IVCM for assessment of signs and OPAS 
for assessment of symptoms s may serve as valuable tools in the 
management of patients with CNP.
Commercial Relationships: Maria J. Lopez, None; 
Alessandro Abbouda, None; Nicholas Pondelis, None; 
Bijan Khaksari, None; Arsia Jamali, None; zeina salem, None; 
Pedram Hamrah
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Corneal Confocal Microscopy for Early Detection of Diabetic 
Neuropathy in Newly Diagnosed Patients with Type 2 Diabetes 
Mellitus
Mitra Tavakoli1, 2, Claudia Soiland-Reyes2, Rebecca Spencer2, 
Susan Howard2, Ruth Boaden2. 1University of Exeter Medical School, 
Exeter, United Kingdom; 2NIHR Collaboration for Leadership in 
Applied Health Research and Care (CLAHRC) Greater Manchester, 
Manchester, United Kingdom.
Purpose: Screening for presence and severity of Diabetic Peripheral 
Neuropathy with using Corneal Confocal Microscopy in a cohort of 
newly diagnosed type 2 diabetic mellitus patients.

Methods: After screening 460 diabetic patients, 91 newly diagnosed 
type 2 diabetic patients (62% male, Age: 63±12; Ethnicity: 80% 
Caucasian, 14.4% Afro-Caribbean; 5% South Asians) have been 
screened for Diabetic Peripheral Neuropathy (DPN) with using 
corneal confocal microscopy (HRT III- RCM), alongside of 60 age 
and sex matched healthy control subjects (65% male, Age: 62±14). 
All patients were part of South Manchester Screening Programme 
and have been screened for diabetic retinopathy at the same visit by 
four independent, experienced optometrists that have been trained for 
CCM. Selection of CCM images was done by optometrists and after 
sending the images to leading centre, images have been graded and 
analysed at the leading centre. Retinopathy grading has been done 
by optometrists based on national retinopathy screening programme 
(ETDRS).
As part of this screening programme, all patients filled some 
questionnaires including Diabetic Neuropathy Symptoms profile 
(DNS) and self-reported questionnaires regards to the history of 
retinopathy, retinopathy laser treatment, diabetic foot problem, foot 
ulcer and neuropathy.
Results: Average duration of diabetes was 1 year (1.04± 0.07). 80% 
of patients had no retinopathy and 19.7% of patients had background 
retinopathy. 15.3% of patients had symptoms of diabetic neuropathy 
(DNS>1).
There was significant alterations in corneal nerves morphological 
parameters in patients compare to control subjects including CNFD 
(P<0.001); CNBD (P=0.007); CNFL (P<0.001), and size of beading 
along c-nerve fibres (P<0.001).
CNFD and CNFL were reduced below the 2.5th percentile in 15.5%, 
and 14.4% of the diabetes patients, respectively.
There was no correlation between neuropathy symptoms and severity 
of alterations of corneal nerves. No correlation has been also found 
for retinopathy and neuropathy.
Conclusions: As part of a bigger screening programme, feasibility 
and acceptability of using CCM alongside retinopathy screening have 
been established. This study showed the significant level of nerve 
damage and presence of DPN in newly diagnosed type 2 diabetic 
patients without evidence of other microvascular complications.
Commercial Relationships: Mitra Tavakoli, None; 
Claudia Soiland-Reyes, None; Rebecca Spencer, None; 
Susan Howard, None; Ruth Boaden, None
Support: NIHR - CLAHRC GM
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The effects of humidity on Cochet-Bonnet aesthesiometer 
measurements
Edward Lum1, 3, Paul J. Murphy1, 2. 1School of Optometry and Vision 
Science, University of Waterloo, Waterloo, ON, Canada; 2School of 
Optometry and Vision Science, Cardiff University, Cardiff, United 
Kingdom; 3School of Optometry and Vision Science, University of 
New South Wales, Sydney, NSW, Australia.
Purpose: The Cochet-Bonnet (COBO) aesthesiometer is the current 
standard in corneal sensitivity assessment. This study investigates 
the influence of ambient room humidity levels on the stimulus force 
exerted by the instrument.
Methods: A COBO instrument (Luneau Opthalmologie, FR) 
with .08mm nominal nylon filament diameter was placed in an 
environment chamber (Electro-tech systems Inc., USA) at 25degsC 
and relative humidity (RH) level adjusted at either 20%, 40%, 
60%, or 80%. After 12 hours in the chamber, the instrument was 
removed and exerted force measured by pressing the nylon filament 
onto the plate of an analytical microbalance (Mettler-Toledo 
AB265, SUI; precision ±0.00001g) from a perpendicular angle 
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by a predetermine amount. Applied force onto the microbalance 
was recorded in grams for a specified filament length. Procedure 
was repeated for filament lengths 10 to 60mm, in 5mm steps. The 
instrument was returned to the chamber and procedure repeated at 
the next RH setting. Measurements at each filament lengths were 
compared using repeated-measures ANOVA and post hoc paired 
t-tests with Bonferroni correction. A p-value <0.05 denoted statistical 
significance.
Results: Significant differences in exerted force were observed with 
alteration in RH levels for each filament length (all p<.001). Exerted 
force decreased significantly with increases in RH chamber setting 
for all filament lengths, with the %force decrease varying from 1% to 
35% with each step rise in RH.
Conclusions: This study confirms previous suggestions that the 
rigidity of the COBO nylon filament is affected by ambient room 
humidity levels, with implications on the stimulus force exerted 
by the instrument. We provide a correction table when converting 
filament lengths to pressure for a range of relative humidity levels.
Commercial Relationships: Edward Lum; Paul J. Murphy, None
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PPARα in diabetic keratopathy
Greg H. Matlock1, 2, Shrestha Priyadarsini1, 3, Volha Malechka1, 2, 
GUOTAO DENG1, 2, Fangfang Qiu1, 2, Kelu Zhou1, 
Elizabeth P. Moran1, 2, Dimitrios Karamichos1, 3, Jian-Xing 
(Jay) Ma1, 2. 1Physiology, OUHSC, Oklahoma City, OK; 2Harold 
Hamm Diabetes Center, Oklahoma City, OK; 3Department of 
Ophthalmology, OUHSC, Oklahoma City, OK.
Purpose: Previous clinical trials have demonstrated therapeutic 
effects of Peroxisome-Proliferator Activated Receptor-Alpha 
(PPARα) agonists in diabetic retinopathy (DR) and diabetic 
peripheral neuropathy. The aim of this study was to investigate the 
protective role of PPARα against diabetic corneal neuropathy and 
keratopathy.
Methods: Experiments were conducted using PPARα-/- and 
wild-type mice and streptozotocin (STZ)-induced diabetic rats and 
controls. Diabetic and non-diabetic rats were divided into fenofibrate-
treated and un-treated groups. Immunohistochemistry (IHC) staining 
of neuronal tubulin was used to quantify corneal nerve fiber density. 
IHC was used to visualize PPARα protein in the cornea from human 
donors with and without diabetes. Western blot analysis and RT-PCR 
were used to quantify PPARα expression in stromal cells from human 
corneas with and without diabetes.
Results: Western blotting and RT-PCR results indicated significantly 
decreased PPARα protein and RNA levels in corneas from donors 
with diabetes compared to non-diabetic corneas (N=3, type 1 and 
type 2 diabetes; P<0.05). IHC in corneal sections demonstrated 
decreased PPARα in the epithelial layer. STZ-induced diabetic rats 
showed decreased nerve fiber density in the cornea, compared to age-
matched non-diabetic rats. Treatment of diabetic rats with PPARα 
agonist fenofibrate prevented reduction in corneal nerve fiber density. 
IHC studies demonstrated decreased densities of corneal nerve 
fibers in non-diabetic PPARα-/- mice at 18 weeks and 20 months 
of age relative to age-matched wild-type mice (WT N=7, PPARα-/- 
N=6; P<0.05). At 20 months of age, corneal epithelial lesions were 
increased in PPARα-/- mice relative age-matched wild-type mice.
Conclusions: PPARα plays an important role in maintaining the 
integrity of corneal nerve fiber. Diabetes-induced PPARα down-
regulation in the cornea may contribute to nerve degeneration in the 
cornea. Further studies will address mechanism of ocular neuronal 
degeneration in PPARα-/-mice and diabetes.

Commercial Relationships: Greg H. Matlock, None; 
Shrestha Priyadarsini, None; Volha Malechka, None; 
GUOTAO DENG, None; Fangfang Qiu, None; Kelu Zhou, None; 
Elizabeth P. Moran, None; Dimitrios Karamichos, None;  
Jian-Xing (Jay) Ma, None
Support: NIH grants (EY018659, EY012231, EY019309, 
P20GM104934).
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In vivo corneal confocal microscopy detects progressive loss of 
epithelial cells and sub-basal nerve fibers over 2 years in young 
patients with type 1 diabetes
Eszter A. Deák1, 2, Eszter Szalai2, Noémi Tóth2, András Berta2, 
Rayaz A. Malik3, Adrienne Csutak2. 1Department of Biochemistry 
and Molecular Biology, University of Debrecen, Debrecen, Hungary; 
2Department of Ophthalmology, University of Debrecen, Debrecen, 
Hungary; 3Weill Cornell Medicine and Division of Cardiovascular 
Sciences, University of Manchester, Manchester, United Kingdom.
Purpose: The aim of this study was to quantify abnormalities in 
corneal epithelial, stromal and endothelial cell density and sub-basal 
nerve fiber morphology over 2 years in young patients with type 1 
diabetes mellitus (T1DM) with (DR) and without diabetic retinopathy 
using in vivo corneal confocal microscopy (CCM).
Methods: 19 young T1DM patients (12 male and 8 female; mean 
age: 20.03±13.5 years) with DR (n=7) and without DR (n=12) and 19 
age and sex-matched healthy control subjects (10 male and 8 female; 
mean age: 22.56±13.7 years) underwent in vivo CCM examination 
at baseline and at 2 years follow-up. Corneal nerve fiber density 
(CNFD), length (CNFL), area (CNFA), width (CNFW), branch 
density (CNBD) and total branch density (CTBD) were analyzed 
using automated software (ACCMetrics) epithelial, keratocyte 
and endothelial cell densities were analyzed using semi-automated 
software by the same skilled examiner.
Results: There was a significant reduction in epithelial cell density 
(p=0.05) with a significant increase in keratocyte cell density 
(p=0.002) and no change in endothelial cell density over 2 years. 
CNFD (p=0.002) and CNFL (p=0.006) showed a significant 
reduction, especially in T1DM patients without retinopathy. 
There was a non-significant increase in HbA1c (without DR 
(68.25±17.07 vs 71.16±15.07 mmol/mol, with DR (72.80±20.24 vs 
75.84±4.97 mmol/mol)) and cholesterol (without DR 4.32±0.58 vs 
4.58±0.89 mmol/L, with DR (4.88±0.57 vs 5.4±0.33 mmol/L)) over 
2 years. Triglyceride levels, HDL, eGFR and blood pressure did not 
show any change.
Conclusions: Our finding suggests that in vivo CCM can detect 
progressive corneal epithelial, stromal and nerve fiber loss over a 
relatively short period in young patients with T1DM. This study 
support the role of in vivo CCM in following up patients with 
diabetes mellitus as a part of routine ophthalmological examination.
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The role of Vitamin D in Sjogren’s Syndrome patients with 
corneal neuropathy
Trenton Rivera, Ryan O’Sullivan, Mauricio Alvarez, Vatinee Y. Bunya, 
Giacomina Masssaro-Giordano. Ophthamology, Scheie Eye Institute, 
Philadelphia, PA.
Purpose: Preliminary evidence states hypovitaminosis D as a risk 
factor for the development of peripheral neuropathy in Sjogren’s 
syndrome (SS); however, the relationship between vitamin D levels 
and ocular surface disease in these patients has not been carefully 
studied. The current study examines the interplay of SS and vitamin 
D deficiency on corneal nerves. We hypothesize that hypovitaminosis 
D, SS patients will exhibit a reduction in the corneal nerve fiber 
density (CNFD), corneal nerve branch density (CNBD) and corneal 
nerve fiber length (CNFL). We also hypothesize that they will report 
greater dry eye and dry mouth symptoms.
Methods: Subjects were enrolled into one of four arms; SS patients 
with a vitamin D deficiency (<30 ng/mL) (Group 1), SS patients with 
sufficient vitamin D (≥30 ng/mL) (Group 2), non-SS patients with 
a vitamin D deficiency (Group 3) and lastly, non-SS patients with 
sufficient vitamin D (Group 4). Blood samples were tested for serum 
levels of total 25-hydroxy Vitamin D (D2+D3). Corneal nerves in the 
sub-basal plexus were captured using confocal microscopy imaging 
on the Heidelberg Retina Tomograph II (HRTII) and analyzed with 
ImageJ. Tortuosity was scored subjectively by two independent 
graders. Dry eye and dry mouth symptoms were assessed using the 
Ocular Surface Disease Index (OSDI) and a dry mouth questionnaire, 
respectively.
Results: 58 subjects are enrolled to date, 12 in Group 1, 21 in Group 
2, 10 in Group 3, and 15 in Group 4. Subjects in Group 1 exhibited 
significantly less CNFB as compared to Group 2 (P=0.015). The 
mean CNFDs were 0.604 and 0.825 for Groups 1 and 2, respectively. 
Additionally, Groups 1 and 2 exhibited trending, but at this time, 
insignificant differences in CNBD and CNFL (Table 1). SS subjects 
with vitamin D deficiency also showed increased tortuosity and 
irregular distribution of fibers (Figure 1). Subjects in Groups 3 and 4 
showed no appreciable difference in CNFB, CNBD or CNFL  
(Table 1).
Conclusions: Our data suggests that hypovitaminosis D contributes 
to corneal neuropathy in SS patients. SS patients with vitamin D 
deficiency showed abnormal CNFD and morphology compared to 
SS patients with sufficent vitamin D, while non-SS patients did not 
vary between sufficient and insufficient vitamin D levels. Future 

work will focus on enrolling patients with a wider range of serum 
vitamin D levels and studying the effects of systemic vitamin D 
supplementation on corneal nerves.
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A NEW HOLISTIC CONCEPT ON THE 
PATHOPHYSIOLOGY IN DRY EYE DISEASE - Development 
of an Educational Animation
Erich Knop, Nadja Knop. Ocular Surface Center Berlin (OSCB), 
Univ Charite Berlin, Dept Cell & Neurobiol, Berlin, Germany.
Purpose: Dry Eye Disease (DED) is a complex alteration of the 
functional anatomy of the ocular surface that is still insufficiently 
understood and current concepts are often oversimplified.
Methods: A pubmed based review of the literature on DED was 
performed and pathogenetic mechanisms identified. These were 
arranged in a patho-physiologic hierarchy that reflects the causative 
relations of events in DED and also reflects clinical findings but is 
independent of assumed clinical importance.
Results: Structural and functional alterations of the integrity of the 
ocular surface and the secretory elements as aqueous lacrimal glands 
(LG dysfunction, LGD) and the Meibomian glands (MG dysfunction, 
MGD) together with the integrity of the eyelids and the regular 
blinking mechanism (termed lid and blinking dysfunction, LBD) are 
defined as basic primary causative factors for DED. They result in 
tear film deficiency and ocular surface tissue damage that are both 
defined as primary pathologies. Tear film deficiency as well as ocular 
surface damage are both governed by secondary pathogenetic factors. 
In tear film deficiency there are e.g. tear instability, dry spots, friction 
and hyperosmolarity. Surface damage is governed by e.g. epithelial 

activation, inflammation and impaired tissue differentiation. The 
primary causative factors are influenced by underlying regulatory 
systems such as the neural innervation, endocrine and immune 
systems. Overlying influence factors act either on the differentiation 
of the tissues as internal factors and on their secretions as external 
factors. The nervous system regulates function but also pain sensation 
that is modulated by higher order mechanisms and can lead to chronic 
pain syndromes. In contrast to present over-simplified models we 
have identified several, different, interacting vicious circles or disease 
aggravation and perpetuation.
Conclusions: This new concept on the pathophysiology DED 
incorporates long established as well as new mechanisms in the 
pathophysiological order. It is complex but not complicated - 
intuitively understandable and suitable to assist basic scientist and 
practitioner alike. An educational computerized animation is made to 
promote the understanding of dry eye disease.
Commercial Relationships: Erich Knop, None; Nadja Knop, None
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Somatotopic organization of the different functional types of 
trigeminal ganglion neurons innervating the ocular surface and 
periocular tissues
Baldemar Santiago, Ariadna Diaz-Tahoces, Juana Gallar, 
Carlos Belmonte, M Carmen Acosta. Instituto de Neurociencias, 
Universidad Miguel Hernandez-CSIC, San Juan de Alicante, Spain.
Purpose: To determine whether the different functional types of 
sensory neurons innervating the eye and the periocular tissues are 
somatotopically organized within the trigeminal ganglion (TG).
Methods: Anesthetized adult male Wistar rats were placed in 
a stereotaxic frame. Neuronal activity within the right TG was 
recorded extracellularly with tungsten electrodes (2-5MΩ). A 0.5mm 
resolution XY grid was defined (-1.0 to -3.0mm lateral to bregma; 0.0 
to -3.0 mm posterior to bregma) to define the stereotaxic coordinates 
of each recorded neuron. Depth (in μm) within the TG was also 
measured. For each of the recorded TG neurons (n=150), receptive 
field (RF) was mapped using mechanical (wet fine paint brush) or 
cold stimuli (0.5mm-diameter ice-cooled metal probe). Response 
to chemical stimulation (100μM menthol; 98%CO2 gas jets) was 
explored to check polymodality of the units. Neurons were classified 
depending on their sensory class and RF location (cornea, bulbar or 
tarsal conjunctiva, upper or lower eyelid borders), and the stereotaxic 
coordinates of each functional group along the antero-posterior, 
medio-lateral, and dorso-ventral axes were defined.
Results: The different functional types of neurons innervating the eye 
were situated preferentially in a defined area of the antero-medial TG 
(around -2.0/-1.5), the corneal ones were located more anteriorly than 
those innervating tarsal and bulbar conjunctiva (Figure 1). Neurons 
innervating the upper eyelid were positioned at XY coordinates 
similar to corneal neurons (Figure 1), but more dorsally (100μm 
depth) than neurons innervating the cornea (300μm depth).
Conclusions: The gross somatotopy described for the whole TG 
persists within the ophthalmic branch. This knowledge may help to 
target appropriate groups of neurons during in vivo studies examining 
the nerve activity underlying sensations referred to ocular and 
periocular tissues, such as discomfort and pain evoked by eye dryness 
and contact lens wearing and eventually to define more precisely eye 
sensation deficits caused by TG lesions.
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Figure 1. Contour plots showing the probability to find neurons 
with RF in a particular ocular or periocular area. Position relative 
to bregma (0.0/0.0 coordinate) is expressed in mm. Color coding 
presents the probability of finding in a particular ocular location the 
RF of neurons recorded in this coordinate.
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REMODELING OF CORNEAL COLD SENSORY NERVE 
FIBERS IN THE ADULT LIVING MOUSE
Almudena Íñigo-Portugués, Giovanna Exposito, Juana Gallar, 
Carlos Belmonte, Victor Meseguer. Instituto de Neurociencias 
de Alicante, Universidad Miguel Hernández-CSIC, San Juan de 
Alicante, Spain.
Purpose: To define the time course and magnitude of remodeling of 
corneal cold sensory nerve fibers of adult mice in vivo.
Methods: Mice expressing EYFP under the control of TRPM8 
regulatory sequences (TRPM8-EYFP mouse) were anesthetized 
with an intraperitoneal injection of xylazine (16 mg/kg) followed 
by inhalation of isoflurane (1.5 %). In TRPM8-EYFP mice, only 
cold-sensitive fibers (roughly 20 percent of the total) display a 
green fluorescence, thus allowing their morphological identification. 
TRPM8+ sub-basal nerve leashes and intraepithelial terminals 
were imaged at 5x and 25x magnification by means of a confocal 
microscope and reconstructed in 3D using Imaris 8.2 software. 
Individual corneal leashes and intraepithelial terminals were 
monitored in the same animal at different time points over a week 
(day 0, day 2 and day 7). The total length of individual leashes was 
measured, and the length change rate calculated. The number of nerve 
terminals given by each sub-basal nerve fiber was also counted.
Results: Points of penetration of a single stromal nerve into basal 
lamina to form a sub-basal leash were not homogeneously distributed 
throughout the cornea, being more abundant in its periphery than in 
the center. Five out of 7 leashes containing TRPM8 axons, measured 
in 3 mice, increased their total length at a rate of 34.56 ± 14.10 μm/
day. Contrarily, total length decreased in another 2 leashes at a rate of 
-55.38 ± 34.60 μm/day. Additionally, the number, location and shape 
of nerve terminals given by the leashes changed with time (figure 1).
Conclusions: Corneal nerve fibers in the living animal experience 
dynamic configuration changes involving increases and decreases 
of leashes’ total length and redistribution of their terminal endings, 
reflecting a continuous remodeling of corneal epithelium innervation.

Remodeling of TRPM8+ leashes and intraepithelial terminals in 
living mice. (A) Confocal micrograph of a subbasal leash and its 
nerve terminals in 3-D taken at day 0, and (B) at day 7. Asterisk 
indicates the reference point in the subepithelial plexus used in both 
images. Rendering in 3-D at day 0 (C) and day 7 (D) of the same sub-
basal leash (red) and nerve terminals (in gray). Scale bar: 70 mm
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Potential Role of IL-10-producing Th17 Cells in Pathogenesis of 
Dry Eye Disease
Qi Hong1, 2, Yihe Chen2, Takenori Inomata2, Rongjun Liu1, 
Reza Dana2. 1Peking University Eye Center, Peking University Third 
Hospital, Beijing, China; 2Department of Ophthalmology, Schepens 
EyeResearch Institute, Massachusetts Eye and Ear Infirmary, Boston, 
MA.
Purpose: To analyze the expression of Interleukin (IL)-17 in the 
induction and abatement phases of dry eye disease (DED), and to 
explore the potential role of IL-10-producing Th17 cells in disease 
pathogenesis using a mouse model of DED.
Methods: DED was induced in female C57BL/6 mice. Mice exposed 
to desiccating stress in a controlled environment chamber for 14 
consecutive days were used as the acute DED group, and mice that 
were transferred to a standard environment and maintained for an 
additional 14 days after DED induction were used as the chronic 
DED group. Untreated mice were used as normal controls. Corneal 
fluorescein staining (CFS) was performed to assess severity of DED. 
The expression levels of IL-17 in conjunctiva and cervical draining 
lymph nodes (DLNs) were measured using real-time PCR and 
ELISA. The frequencies of CD4+ IL-17+ (Th17) cells and IL-10-
producingTh17 cells in conjunctiva and DLNs were evaluated with 
flow cytometry.
Results: The CFS scores, mRNA and protein expression levels of 
IL-17, and the frequencies of Th17 cells in both conjunctiva and 
DLNs were significantly higher in acute DED group compared to 
relived DED group and non-DED controls (p<0.05). Interestingly, 
the frequencies of IL-10-producing Th17 cells (CD4+IL-17+IL-10+) 
were significantly lower in the conjunctivae and DLNs of acute DED 
group compared to non-DED controls (p<0.05). Furthermore, mice 
with chronic DEDshowed significantly higher frequencies of IL-
10-producing Th17 cells in the conjunctivae compared to mice with 
acute DED (p<0.01).
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Conclusions: Our findings demonstrate that IL-10-producing Th17 
cells may play a regulatory role in DED.
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