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Commensal Bacteria Modulate Ocular Surface Inflammatory 
Response to Liposaccharide
Changjun Wang1, 2, Fang Bian1, Yangyan Xiao1, Simmons Ken T1, 
Mahira Zaheer1, Stephen C. Pflugfelder1, Cintia S. De Paiva1. 
1Ophthalmology, Baylor College of Medicine, Houston, TX; 
2Ophthalmology, 2nd Affiliated Hospital of Zhejiang University, 
School of Medicine, Eye Institute, Hangzhou, China.
Purpose: There is growing evidence that commensal bacteria 
can modulate inflammatory responses at distant sites. This study 
evaluated the ocular surface response to topically applied TLR4 
ligand in mice with and without commensal bacteria.
Methods: Conventionally housed (CON) C57BL/6 female mice were 
compared to mice that received oral antibiotics (ABX) for 14 days. 
A single dose of lipopolysaccharide (LPS) or vehicle (endotoxin-free 
water) was applied to the cornea. Corneal epithelium and conjunctiva 
were extracted after 4 hours to analyze expression of innate and 
adaptive immune mediators (IL-1β, IL-6, TNF-a, CXCL10, IL-12, 
and IFN-g) by PCR and expression of dendritic cell (CD11b, CD11c) 
and their activation markers (MHC II and CD86) was evaluated 
in draining nodes. A separate group of germ-free (GF) mice also 
received topical LPS challenge and was compared to CON mice.
Results: Topically applied LPS increased expression of IL-1β, 
TNF-a, and CXCL10 mRNA transcripts in both CON and ABX 
corneal epithelia compared to vehicle-treated animals, but this 
response was amplified in the ABX compared to CON group. In 
conjunctiva, LPS increased expression of IL-1β, IL-6, TNF-a, 
CXCL10 and IFN-g in both ABX and CON groups compared to 
vehicle controls. Expression of TNF-a and IFN-g was greater in 
ABX treated group than CON mice. ABX treatment for 14 days 
significantly increased MFI of CD86 and MHC II in dendritic cells. 
After LPS treatment for 4 hours, only the ABX group showed a 
further increase of CD86 in CD11b+ cells compared to its vehicle. 
LPS stimulation on GF mice upregulated IL-1β, TNF-a, CXCL10 
in corneas and IL-1 β, IL-6, TNF-a, IL-12 IFN-g and CXCL10 
compared to its vehicle in conjunctiva. GF mice stimulation produced 
a 2-fold increase in TNF-a and CXCL10 in cornea compared to  
LPS-CON mice. A significant higher expression in IL-1 β, IL-6, 
IFN-g and CXCL10 was noted in LPS-treated GF compared to  
CON-LPS conjunctiva.
Conclusions: Commensal bacteria modulate TLR4 signaling on the 
ocular surface, as acute depletion of commensals through antibiotics 
worsens inflammatory response to LPS. Germ-free mice also display 
enhanced inflammatory innate response, suggesting that commensal 
bacterial-derived signals regulate the innate immune inflammatory 
response and DCs at the ocular surface.
Commercial Relationships: Changjun Wang; Fang Bian, None; 
Yangyan Xiao, None; Simmons Ken T, None; Mahira Zaheer, 
None; Stephen C. Pflugfelder, None; Cintia S. De Paiva, None

Support: This work was supported by the Alkek Center for 
Metagenomics and Microbiome Research (CSDP), Biology of 
Inflammation Center (SCP), NIH Training Grant T32-AI053831 
(FB), RPB Research to Prevent Blindness, The Oshman Foundation, 
William Stamps Farish Fund and The Hamill Foundation and 
by the Cytometry and Cell Sorting Core at Baylor College of 
Medicine, which is funded by the NIH NIAID P30AI036211, NCI 
P30CA125123, and NCRR S10RR024574.
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Assessing the ocular microbiome in severe ocular surface diseases 
using 16S rRNA sequencing
William S. Gange1, John A. Thompson1, Gina R. Kuffel2, 
Michael J. Zilliox2, Cara J. Joyce3, Charles S. Bouchard1. 
1Ophthalmology, Loyola University Medical Center, Chicago, IL; 
2Loyola Genomics Facility, Loyola University Medical Center, 
Maywood, IL; 3Clinical Research Office, Loyola University Medical 
Center, Maywood, IL.
Purpose: The role of the ocular surface microbiome (OSM) and 
specific changes that occur in severe ocular surface diseases (OSDs) 
are currently unknown. We performed a prospective, observational 
study to characterize the OSM in several chronic OSDs including: 
Stevens-Johnson Syndrome (SJS), Graft versus Host Disease 
(GVHD), Floppy Eyelid Syndrome (FES), and Dry Eye Disease 
(DED), as well as healthy controls.
Methods: Sterile cotton swabs were used to collect 3 samples 
(superior and inferior fornix and bulbar conjunctiva) per eye from 
39 patients (76 eyes). DNA was extracted, amplified using multiple 
displacement amplification, sequenced using universal PCR primers 
targeting the V4 variable region of the 16S rRNA gene, and compared 
with negative control swabs. Only “positive” samples with more 
than 1000 reads were included in analysis. Positive samples were 
combined to constitute the OSM in each eye. Bacteria “presence” 
(Pr) was defined as ≥ 1% of reads and “dominance” (D) as the highest 
proportion of reads. Statistical analysis was performed using exact 
Wilcoxon rank sum tests and Fisher’s exact tests. Use of topical 
antibiotics, steroids, and bandage contact lenses (BCLs) was noted.
Results: 42 of 76 (55.2%) eyes had positive samples (10/16 healthy, 
9/14 SJS, 2/14 GVHD, 8/16 FES, 13/16 DED). Among 10 healthy 
eyes, the microbiome was predominated by Lactobacillus (5 D; 2 Pr), 
Corynebacterium (3 D; 4 Pr), Streptococcus (2 D; 5 Pr), E. Shigella 
(7 Pr), Staphylococcus (6 Pr), Actinomyces (6 Pr), and Pseudomonas 
(5 Pr). Healthy eyes had an OSM consisting of a median (range) 
of 5 (1-7) bacteria, as compared to 3 (1-8) for patients with OSD 
(P=.008). Staphylococcus was the dominant bacteria for 5/9 patients 
with SJS, compared to 1/8 with FES, 1/3 DED, 0/2 GVHD and 0/10 
controls (P=.017). Interestingly, 6/9 eyes with SJS were actively 
using BCLs. Healthy eyes had higher presence of Lactobacillus 
(70% vs 25%, P=.020) than patients with OSD. Patients with GVHD 
had relatively sterile ocular surfaces, as only 2/14 eyes had positive 
samples. Patients with FES and DED had similar OSMs with 
Corynebacterium being the most abundant bacteria.
Conclusions: Patients with OSD appear to have less diverse OSMs 
than healthy patients with lower presence of Lactobacillus than 
controls. Lactobacillus may play a role in maintaining a healthy 
ocular surface.
Commercial Relationships: William S. Gange, 
None; John A. Thompson, None; Gina R. Kuffel, 
None; Michael J. Zilliox, None; Cara J. Joyce, None; 
Charles S. Bouchard, None
Support: Illinois Society for the Prevention of Blindness Grant 
(2015), Geoffrey Gunnar Memorial Scholarship (2016)
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Bacterial flora of the meibum in elderly patients with meibomian 
gland dysfunction
Tomo Suzuki1, 2, Kazuhiro Maeda3, Chie Sotozono1, 
Shigeru Kinoshita4. 1Department of Ophthalmology, Kyoto 
Prefectural University of Medicine, Kyoto, Japan; 2Ophthalmology, 
Kyoto City Hospital Organization, Kyoto, Japan; 3The Research 
Foundation for Microbial Diseases of Osaka University, Osaka, 
Japan; 4Frontier Medical Science and Technology for Ophthalmology, 
Kyoto Prefectural University of Medicine, Kyoto, Japan.
Purpose: Meibomian gland dysfunction (MGD) is sometimes 
accompanied with inflammation (meibomitis) which has an influence 
on the ocular surface inflammation. We previously reported the role 
of Propionibacterium acnes (P. acnes) in the meibomitis-related 
keratoconjunctivitis (MRKC) of young patients and the effectiveness 
of systemic antimicrobial treatment for targeting P. acnes (AJO 2005, 
and The Ocular Surface 2015). In this present study, we examined the 
bacterial flora of the meibum in elderly patients with MGD.
Methods: This study involved 19 meibomitis patients (mean age: 
69.5 years) and 9 patients with obstructive MGD without obvious 
inflammation (mean age: 65.8 years). After a warm compress of the 
eyelids (40°C, 10 minutes) followed by sterilization on the lid margin 
by diluted povidone iodine, meibum was obtained from the eyes of 
each subject by use of a Daviel cataract spoon after gently squeezing 
the eyelid margin by use of a Yoshitomi meibomian gland compressor 
(T.M.I. Co. Ltd., Saitama, Japan) under a surgical microscope. All 
specimens were immediately placed into culture medium “ANA 
port BIKEN2®” (The Research Foundation of Microbial Diseases 
of Osaka University, Osaka, Japan), and both aerobic and anaerobic 
bacterial examinations were performed.
Results: Bacterial culture of the meibum in the meibomitis patients 
revealed that 44.2% were positive for P. acnes, 25.6% were positive 
for Staphylococcus epidermidis (S. epidermidis), and that 16.6% were 
negative for bacterial flora, yet that of the meibum from the MGD 
patients without inflammation showed that 10% were positive for 
P. acnes, 3.3% were positive for S. epidermidis, and that 70% were 
negative for bacterial flora.
Conclusions: The findings of this study show that the causative 
bacterium for meibomitis may change according to age. In elderly 
MGD patients, not only P. acnes but also S. epidermidis might 
play a role in the inflammation. Using the appropriate systemic 
antimicrobial agents is important for the successful treatment of 
meibomitis.
Commercial Relationships: Tomo Suzuki; Kazuhiro Maeda, 
None; Chie Sotozono, None; Shigeru Kinoshita, None
Support: The Japanese Ministry of Education, Culture, Sports, 
Science and Technology (No. 25462727)
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Confocal Microscopy and Optical Coherence Tomography to 
Evaluate Explanted Titanium Back Plate Type Keratoprosthesis
Heather A. Durkee1, Guillermo Amescua2, Allister Gibbons2, 
Felipe Valenzuela2, Maria P. Fernandez5, Mariela C. Aguilar1, 
Nidhi Relhan1, Alejandro Arboleda1, Victor L. Perez2, 
Darlene Miller3, Jean-Marie A. Parel1, 4. 1Ophthalmic Biophysics 
Center, Bascom Palmer Eye Institute, University of Miami Miller 
School of Medicine, Miami, FL; 2Ocular Surface Center, Bascom 
Palmer Eye Institute, University of Miami Miller School of Medicine, 
Miami, FL; 3Bascom Palmer Eye Institute, University of Miami 
Miller School of Medicine, Ocular Microbiology Laboratory, Miami, 
FL; 4CHU Sart-Tillman, Department of Ophthalmology, University 
of Liège, Belgium, Belgium; 5Ocular Pathology Laboratory, Bascom 
Palmer Eye Institute, University of Miami Miller School of Medicine, 
Miami, FL.
Purpose: A recent development in keratoprothesis (KPro) technology 
is the titanium back plate. The goal of the current study was to 
evaluate titanium back plate KPros explanted due to sterile melts 
using confocal microscopy and optical coherence tomography (OCT).
Methods: Three titanium back plate KPros were collected from 
patients undergoing explantation and exchange at Bascom Palmer 
Eye Institute, Miami, FL, USA. Prior to explantation, patients 
underwent OCT imaging of the anterior segment to visualize 
the integrity of the donor cornea and KPro configuration. In the 
operating room, the KPro samples were immediately placed in 
a container with balanced salt solution after removal. Samples 
underwent full microbiological workup (culture, stain and PCR) and 
histopathological analysis. The entire anterior and posterior surfaces 
of each KPro were examined with fluorescent confocal microscopy 
(Leica 5PS) using a live/dead stain to visualize microbial activity, 
biofilm deposition, and cellular adhesion.
Results: Microbiology samples from all three cases were culture 
negative. In one case, the histopathological analysis revealed 
fibrovascular tissue. Confocal microscopy revealed extensive 
retroprosthetic membranes on the interior surface of all KPros, 
especially in the area of the click-on gap. Biofilm deposition was 
present on all three KPros. In one case, biofilm deposition was 
present between the external optic surface and donor cornea, 
corresponding to an area of corneal melting imaged by OCT imaging 
(Figure 1).
Conclusions: Multidisciplinary imaging techniques can help the 
clinician evaluate KPro patients and possibly predict complications, 
as well as provide insight onto the mechanism of failure when 
complications do occur. Titanium is biocompatible, and is used in a 
variety of biomedical implants mostly because of its surface features; 
however the roughness of the titanium inside the eye provides a site 
where microorganisms and retroprosthetic membranes can adhere. 
For KPro implants, using a well-polished biocompatible material, 
such as used in intraocular lenses, may be better.



ARVO 2017 Annual Meeting Abstracts

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

Confocal microscopy images of (left) external and (right) internal 
surfaces of titanium keratoprosthesis after explantation from patient 
secondary to sterile melt. (Bottom) OCT image of keratoprosthesis 
prior to explantation showing separation between donor cornea and 
the stem of the optical cylinder.
Commercial Relationships: Heather A. Durkee, 
None; Guillermo Amescua, None; Allister Gibbons, 
None; Felipe Valenzuela, None; Maria P. Fernandez, 
None; Mariela C. Aguilar, None; Nidhi Relhan, None; 
Alejandro Arboleda, None; Victor L. Perez, None; Darlene Miller, 
None; Jean-Marie A. Parel, None
Support: USAMRMC Department of Defense 
W81XWH-09-1-0674, Florida Lions Eye Bank, Drs. KR Olsen and 
ME Hildebrandt, Drs. Raksha Urs and Aaron Furtado, VisionCRC, 
Brien Holden Vision Institute, Sydney, Australia, NIH P30EY1481 
(Center Grant), Research to Prevent Blindness, Walter G. Ross Chair 
(VLP) , Henri and Flore Lesieur Foundation (JMP). Scientific support 
was provided by: Sander Dubovy MD and Gabe Gaidosh BS.

Program Number: 3921 Poster Board Number: A0160
Presentation Time: 8:30 AM–10:15 AM
Relationship between the Ocular Surface and the Nose and 
Throat Microbiomes in Children
Kara M. Cavuoto, Ta C. Chang, Carla J. Osigian, 
Eduardo C. Alfonso, Anat Galor, Darlene Miller. Univ of Miami Sch 
of Medicine, Miami, FL.
Purpose: The ocular surface microbiome (OSM) is a unique 
environment. Relatively little is known about the composition of 
this environment in children, particularly in comparison to the 
neighboring microbiomes of the nose and throat. We performed 
a prospective, observational, cross-sectional study to explore the 
differences between the ocular surface and the nasal and pharyngeal 
microbiomes.
Methods: We enrolled 50 children under 18 years of age seen in 
the pediatric ophthalmology department at a university-based eye 
institute. The mucosal surfaces of both eyes, nose and throat were 
swabbed with a forensic-quality swab and placed in a collection 
media. One-half of the media was plated for culture and the other 
half underwent DNA extraction and 16S sequencing. Specimens were 
excluded if active infection was present. Outcome measures included 
culture and 16S speciation, alpha diversity (number of organism 
types within a sample; measure - Observed and Shannon Diversity 

indices), and beta diversity (comparison of microbial composition 
between samples; measure - ordination).
Results: 50 patients (62% male) were enrolled. The average age was 
37 months (range 1-168 months). Ocular cultures were positive in 47 
eyes of 30 patients, and four eyes grew >1 species. Of the 52 isolates, 
coagulase negative Staphylococcus was most common (35%), which 
was consistent with the results from 16S sequencing. Although the 
ocular microbiome was similar between eyes, the ocular, nasal and 
pharyngeal microbiomes differed significantly (p=0.001). Nasal 
samples did not differ significantly from ocular samples (p=0.80); 
however, throat samples had significantly higher observed diversity 
[mean (SD) 88.5 (17.7), p=0.016], but statistically similar Shannon 
diversity [106 (25.8), p=0.42] when compared to ocular samples. The 
observed diversity index between the nose and throat approached 
statistical significance (p=0.08), however the Shannon diversity 
was not significantly different (p=0.21). Streptococcus was the 
predominant species in the throat, which differed from the ocular and 
nasal samples in which Staphylococcus was dominant (p=0.0002).
Conclusions: 16S sequencing is a useful tool in evaluating the 
ocular, nasal and pharyngeal microbiomes in children, revealing 
significant differences between the microbiomes.
Commercial Relationships: Kara M. Cavuoto, None; 
Ta C. Chang, None; Carla J. Osigian, None; Eduardo C. Alfonso, 
None; Anat Galor, None; Darlene Miller, None
Support: Knights Templar
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microRNA Nanomedicines in Sjögren’s Syndrome Dry Eye 
Disease
Sinéad Connolly1, 4, Qistina Pilson2, Sally Ann Cryan3, Joan Ni 
Gabhann4, 1, Conor C Murphy1, 2. 1Department of Ophthalmology, 
Royal College of Surgeons in Ireland, Dublin, Ireland; 2Department 
of Ophthalmology, Royal Victoria Eye and Ear Hospital, Dublin, 
Ireland; 3School of Pharmacy, Royal College of Surgeons in Ireland, 
Dublin, Ireland; 4Department of Molecular and Cellular Therapeutics, 
Royal College of Surgeons in Ireland, Dublin, Ireland.
Purpose: Primary Sjögren’s syndrome (pSS) is a disorder 
characterised by autoimmune destruction of exocrine glands, 
leading to the sicca complex of dry eyes and dry mouth. The exact 
aetopathogenesis remains obscure, however a signature of Type 1 
interferons and proinflammatory cytokines is strongly associated with 
pSS. miRNAs) are endogenous small RNAs which act on messenger 
RNA at a post-transcriptional level. There is a growing understanding 
that altered expression of miRNA is involved in the pSS phenotype, 
and may promote inflammation in pSS by increasing cytokine 
production.
Modulation of miRNA presents a potential new treatment paradigm 
for pSS dry eye, but effective and safe methods of delivery to the 
ocular surface limit clinical translation. Polymeric nanoparticles 
were investigated for delivery of miRNA modulating compounds to 
the ocular surface. Anti-sense RNA to miR-744-5p cargo, a miRNA 
overexpressed in conjunctival epithelial cells of pSS patients, was 
used to determine efficiency.
Methods: Chitosan polymers were used to prepare miRNA 
nanomedicines, characterised for their size, surface (zeta) potential, 
RNA complexation efficiency, and screened for transfection 
efficiency and toxicity in IMCEC Human Conjunctival Epithelial 
Cells. Manufacture was optimised to obtain small particles which 
effectively complex miRNA at a variety of NP ratios.
Results: Average hydrodynamic diameter of chitosan nanoparticles 
was 207 nm with a narrow size distribution. The nanoparticles also 
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possessed positive surface charges up to +25 mV in water, thus 
enabling effective condensation of negatively charged microRNA.
Cells treated with chitosan nanoparticles showed decreased 
expression of miR-744-5p and increased expression of Pellino  
3 mRNA.
Conclusions: An optimised microRNA nanoparticle delivery system 
has therapeutic potential for modulating inflammation at the ocular 
surface.
Commercial Relationships: Sinéad Connolly, None; 
Qistina Pilson, None; Sally Ann Cryan, None; Joan Ni Gabhann, 
None; Conor C Murphy, None
Support: Irish College of Ophthalmology-Novartis Research 
Bursary 2016-2017. Royal Victoria Eye and Ear Hospital Research 
Foundation Funding Scheme 2015 & 2016
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Reduced micro-RNA21 expression correlates with enhanced 
peripheral IL-23p19 levels patients with primary Sjögren’s 
syndrome
Joan Ní Gabhann1, 2, Qistina Pilson2, 1, Conor C Murphy2, 1. 
1Opthamology, Royal College of Surgeons in Ireland, Dublin, Ireland; 
2Opthamology, Royal Victoria Eye and Ear Hospital, Dublin, Ireland.
Purpose: Sjögren’s syndrome (SS) is a systemic autoimmune 
disorder characterized by inflammation that affects mucous 
membranes particularly those of the exocrine glands, causing dry 
eyes and dry mouth. Previous investigations have suggested that 
dysregulated systemic inflammation contributes to the development 
and pathogenesis of SS. This study aimed to investigate potential 
mechanisms responsible for over production of pathogenic cytokines 
in SS patients.
Methods: Peripheral blood mononuclear cells and serum were 
prepared from whole blood taken from both healthy controls and pSS 
patients. Gene induction and micro-RNA expression were analysed 
by real-time PCR. Cytokine levels were determined by ELISA.
Results: We observed significantly enhanced expression of the 
pro-inflammatory micro-RNA, miR-155 (p≤0.05) and significantly 
reduced levels of the IL-10 promoting miR, miRNA-21 (p≤0.05) 
compared to healthy controls. In keeping with this altered pattern of 
miR expression we observed significantly increased serum levels of 
pro-inflammatory cytokines (IL-6, IL-8 and TNF-a) as well as the 
Th17 promoting cytokine, IL-23p19 (p ≤0.05). Altered expression of 
previously identified targets of miR-155 (SHIP-1, SOCS1 – potent 
anti-inflammatory regulators) and miR-21 (IL12p35 and PDCD4, 
positive regulators of inflammation) was also observed. Significantly 
a moderate negative correlation (r =-0.657, p≤0.05) was observed 
between reduced miR-21 expression and increased peripheral  
IL-23p19 levels in pSS patients, suggesting a link between altered 
miR expression and disease pathogenesis.
Conclusions: Our data suggest that abnormal expression or 
regulation of miRs and consequently miR regulated genes in innate 
immunity may contribute to the initiation and progression of SS via 
overproduction of pathogenic cytokines.
Commercial Relationships: Joan Ní Gabhann; Qistina Pilson, 
None; Conor C Murphy, None
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Factors associated with contact lens intolerance in keratoconus
Preeji Sudharman1, Fiona Stapleton1, Jim Kokkinakis1, 2, 
Mark Willcox1. 1School of Optometry and Vision Science, University 
of New South Wales, Randwick, NSW, Australia; 2The Eye Practice, 
Sydney, NSW, Australia.

Purpose: Contact lens intolerance in keratoconus is a significant 
factor that can lead to corneal transplantation. Identifying the 
factors associated with contact lens intolerance is important for the 
development of strategies to improve tolerance and thereby to reduce 
or delay the need for corneal transplantation. This study evaluated 
ocular surface factors associated with contact lens intolerance in 
keratoconus.
Methods: Keratoconus subjects aged between 18-65 years, who 
had tried contact lenses for vision correction, were included in this 
cross sectional study. The variables assessed include demographic 
data, corneal topography, ocular symptoms, ocular surface disease 
index, pain sensitivity, tear variables including osmolarity, tear 
meniscus height and tear volume, ocular surface staining and corneal 
sensitivity threshold using Cochet-Bonnet aesthesiometer. Contact 
lens intolerance was defined as an inability to wear contact lenses for 
more than 4 hours continuously due to discomfort. The association 
between contact lens tolerance and other clinical variables was 
studied using Spearman’s correlation. Statistical significance was set 
at p<0.05.
Results: Twenty eight keratoconus subjects were included in the 
study. The mean age was 44 ± 12 years, 75% of them were males, 
and 22 participants were wearing contact lenses at the time of the 
study. Contact lens intolerance was reported by 39% of subjects. 
A significant association was found between contact lens tolerance 
and reduced corneal sensitivity (rho=0.482, p=0.011). No significant 
associations were found between contact lens tolerance and dry eye 
symptoms, OSDI index, tear osmolarity, tear meniscus height, tear 
volume or corneal staining (Rho and p-values:-0.239,0.240; -0.079, 
0.700; -0.048, 0.818; 0.141, 0.484; 0.135, 0.501; 0.012,0.951). Post 
hoc power calculation revealed the study had 80% power to detect 
associations with an effect size 0.48 or greater at an alpha error  
of 5%.
Conclusions: Central corneal sensitivity was the only factor 
associated with contact lens tolerance in keratoconus. Contact lens 
designs that have least interaction with the corneal surface such 
as scleral or mini-scleral designs may be helpful in contact lens 
intolerant keratoconus subjects.
Commercial Relationships: Preeji Sudharman, None; 
Fiona Stapleton, None; Jim Kokkinakis, None; Mark Willcox, 
None
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Efficacy of two-month treatment with cord blood serum eye 
drops in severe dry eye patients: an in vivo confocal microscopy 
study
Giuseppe Giannaccare1, Piera Versura1, Marina Buzzi2, 
Michela Fresina1, Claudio Velati2, Emilio C. Campos1. 1DIMES, 
University of Bologna, Bologna, Italy; 2Emilia Romagna Cord Blood 
Bank-Transfusion Service, Alma Mater Studiorum University of 
Bologna and S.Orsola-Malpighi Teaching Hospital, Bologna, Italy, 
Bologna, Italy.
Purpose: The efficacy of cord blood serum (CBS) eye drops in 
the treatment of dry eye (DE) patients has been demonstrated by 
the decrease of ocular surface staining and the improvement of 
discomfort symptoms. No data are available about in vivo analysis 
of corneal cell morphology, and specifically of corneal nerves. The 
purpose of this study was to investigate for the first time corneal 
nerve changes by in vivo confocal microscopy (IVCM) after 2-month 
treatment with CBS eye drops in severe DE patients.
Methods: Twenty DE patients (13 females, 7 males; mean age 
61.1±12.6 yrs; DEWS severity level 3-4) not responding to 
conventional therapy were treated in both eyes with CBS eye drops 
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8 times daily for 2 months, and included in this prospective study. 
The following parameters were evaluated before (T0 baseline) and 
after (T1) treatment: subjective symptoms scored by Ocular Surface 
Disease Index (OSDI) and Visual Analogue Scale (VAS), corneal 
vital staining graded by Oxford Scale and IVCM performed in the 
central corneal area for the analysis of giant epithelial cells (GECs), 
sub-basal nerve density and tortuosity, neuromas, dendritic cell (DC) 
density. Data were expressed as mean ± standard deviation. Paired 
Student’s t-test was used to compare values pre- and post-treatment, 
and correlation among parameters was calculated by Spearman’s rho 
(significance p<0.05).
Results: OSDI, VAS and Oxford grading values significantly 
decreased after treatment compared to baseline (respectively, 
44.1±18.9 vs 74.2±13.9, 3.7±1.5 vs 8.9±0.9 and 2.4±1.1 vs 3.3±1.3; 
always p<0.0001). Corneal nerve morphology improved at T1 vs 
T0 with specific reference to higher nerve density (respectively, 
3.38±1.56 vs 2.55±1.62; p<0.001) and lower nerve tortuosity  
(fig. 1-2) (2.99±0.72 vs 3.47±0.65; p<0.01). GECs and neuromas 
were reduced at T1 vs T0, respectively from 32% to 20% and from 
67.5% to 15% of eyes. No significant variation in the DC density was 
found at T1 vs T0 (respectively 162.62±162.11 vs 154.76±147.67 
cell/mm2; p=0.5). OSDI reduction was correlated with neuromas and 
DCs at baseline (respectively, rho=0.319 and 0.435; p<0.001).
Conclusions: CBS eye drops significantly improved both corneal 
nerve morphology and subjective symptoms in severe DE patients. 
Increasing dendritic cell density and presence of neuromas at baseline 
were correlated to a greater reduction of symptoms after treatment.

Commercial Relationships: Giuseppe Giannaccare, None; 
Piera Versura, None; Marina Buzzi, None; Michela Fresina, None; 
Claudio Velati, None; Emilio C. Campos, None
Support: The present work was supported by two Research Grants 
obtained from ‘‘Fondazione Cassa di Risparmio di Bologna” 
(Bologna, Italy) and ‘‘Beneficientia Stiftung” (Vaduz, Liechtenstein).
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A comparison of clinical characteristics, diagnostic criteria and 
quality of life indices in primary Sjögren’s syndrome
Conor Murphy, Qistina Pilson, Joan Ni Gabhann. Ophthalmology, 
RCSI, Dublin, Ireland.
Purpose: Making a definite diagnosis of primary Sjögren’s syndrome 
(pSS) is challenging as it has a diverse phenotypic expression. The 
aims of this study were to evaluate the most recent American College 
of Rheumatology (ACR, 2012) diagnostic criteria for pSS against the 
gold standard American-European Consensus Group (AECG, 2001) 
criteria and to correlate a range of objective and subjective clinical 
characteristics of pSS patients with quality of life (QOL) and disease 
evaluation tools, including the recently developed ESSDAI and 
ESSPRI disease indices.
Methods: Twenty five consecutive patients attending the cornea 
clinic with a clinical diagnosis of pSS were assessed using the 
ACR and AECG criteria and those satisfying the diagnostic criteria 
underwent the following clinical evaluation: Schirmer’s I test, 
ocular surface staining (OSS), Tear break up time (TBUT); and the 
following disease activity indices and QOL questionnaires: OSDI, 
ESSDAI, ESSPRI, NEI-VFQ, and SF-36.
Results: Twenty patients satisfied the AECG diagnostic criteria 
and 19 patients satisfied the ACR criteria for pSS, giving a level of 
agreement of 88% between the two systems using kappa statistics. 
Strong correlation between 3 different OSS schemes was found with 
Pearson’s r ranging from 0.9 – 0.99 (p<0.01). OSDI scores showed 
moderate to strong correlations with OSS scores for all 3 schemes 
with Spearman r 0.52 to 0.57 (p<0.01) but no significant correlation 
with the other clinical measurements or ESSDAI and ESSPRI values. 
Strong correlation between visual role functioning on the NEI-VFQ 
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with the ESSDAI and OSDI was found. Role limitations due to 
physical problems and general health perception were significantly 
worse than the general population as determined by the SF-36, with 
strong correlations between ESSPRI and all of the SF-36 domains 
(p<0.01).
Conclusions: The recently developed and simplified ACR diagnostic 
criteria for pSS are valid and accurate for this purpose when 
compared to the gold standard AECD criteria. The subjective OSDI 
assessment correlates highly with objective measures of OSS, and 
with the visual function subscales of the NEI-VFQ, thus validating 
its use in pSS. QOL and disease activity tools are useful methods for 
measuring and understanding the true impact of pSS on patient well-
being and health-related quality of life to facilitate improved patient 
management.
Commercial Relationships: Conor Murphy, AbbVie (R), Thea (C), 
Thea (R), Santen (R), AbbVie (C), Santen (C); Qistina Pilson, None; 
Joan Ni Gabhann, None

Program Number: 3927 Poster Board Number: A0166
Presentation Time: 8:30 AM–10:15 AM
The use of ProKera® for the Treatment of Patients with Sjögren’s 
Syndrome or Graft-versus-Host Disease
Vincent Palladino, Nicole Fuerst, Ilaria Macchi, Stephen Orlin, 
Mina Massaro-Giordano, Michael Sulewski, Vatinee Y. Bunya. 
Ophthalmology, University of Pennsylvania, Philadelphia, PA.
Purpose: To determine if there are improvements in signs and 
symptoms of ocular surface disease after placement of a self-retained 
amniotic membrane (ProKera® (Bio-Tissue®)) in patients with 
Sjögren’s Syndrome (SS) or graft-versus-host disease (GVHD).
Methods: A retrospective cohort study of all patients with a diagnosis 
of either SS or GVHD who received a ProKera® Slim or ProKera® 
(Bio-Tissue®) implant for the treatment of ocular surface disease 
between August 2012 and August 2016 at a single large academic 
institution was performed. Twelve eyes from twelve subjects were 
included (6 SS, 6 GVHD). Visual acuity, fluorescein staining of the 
cornea, lissamine green conjunctival staining, and dry eye symptoms 
before and after ProKera® insertion were evaluated.
Results: The mean age of our study sample was 58.6 years (range: 
40-86 years), with a mean follow-up period of 82 days. Visual acuity 
improved in 50% of patients (4 GVHD subjects; 2 SS subjects). The 
average VA across all subjects improved by 1.0 lines on the Snellen 
chart. In the SS group, all patients (n=6) saw some improvement 
in symptoms with ProKera® compared to 67% (4/6) in the GVHD 
group. The majority of patients (2 GVHD; 5 SS) showed improved 
corneal fluorescein staining, with an average improvement of 25% 
(0-3 scale) across all subjects. Most patients (6 SS; 3 GVHD) also 
had improvements in lissamine green conjunctival staining after 
ProKera® implantation with an average improvement of 23%  
(0-4 scale) across all subjects. The ProKera® device was generally 
well-tolerated with only one patient discontinuing use due to foreign 
body sensation. Recurrence of ocular surface symptoms was observed 
in three subjects at 1 month, 2 months, and 5 months.
Conclusions: In this small series, ProKera® implantation was found 
to be easy-to-use, safe, and well-tolerated. This treatment may be 
beneficial in patients with ocular surface diseases due to SS or GVHD 
that are refractory to standard therapies. Further prospective studies 
with longer follow-up times and larger sample sizes are warranted to 
confirm these benefits. In addition, other amniotic membrane devices 
are available that warrant further investigation to evaulate their 
efficacies in these diseases.
Commercial Relationships: Vincent Palladino, None; 
Nicole Fuerst, None; Ilaria Macchi, None; Stephen Orlin, None; 

Mina Massaro-Giordano, None; Michael Sulewski, None; 
Vatinee Y. Bunya, Bausch + Lomb (F), Shire (C)
Support: NEI Grant R01EY026972;

Program Number: 3928 Poster Board Number: A0167
Presentation Time: 8:30 AM–10:15 AM
COMPARISON OF OCULAR SURFACE CHARACTERISTICS 
BETWEEN PATIENTS AFTER LASER IN SITU 
KERATOMILEUISIS (LASIK) AND SJOGREN SINDROME
Carlos Medina1, 2, Luis C. Escaf3. 1Sociedad de Cirugia Ocular, 
Bogota, Colombia; 2BOGOTA, UNISANITAS, BOGOTA, Colombia; 
3BOLIVAR, CLINICA DEL CARIBE, BARRANQUILLA, 
Colombia.
Purpose: It has been documented that LASIK induces dry eye by 
corneal denervation and impairment of lacrimal reflex. We performed 
a retrospective, observational study in which be compared the ocular 
surface and tear film characteristics in LASIK and Sjogren patients. 
Our aim was to establish, if dry eye syndrome induced by LASIK 
produces tear film alterations similar to an inflammatory disease like 
Sjogren Syndrome
Methods: We performed an evaluation of the characteristics of 
the tear-film of fifty eyes of 25 patients with Sjogren Syndrome, 
diagnosis based on Sjögren’s International Collaborative Clinical 
Alliance (SICCA) criteria, fifty consecutive eyes of 25 patients 
who underwent LASIK in out institution and a group of fifty eyes 
in 25 asymptomatic patients (Control Group), with unremarkable 
biomicroscopic examination. Osmolarity measurement (performed 
with TearLab® Osmolarity System), Schirmer test I, Tear Break Up 
Time (TBUT), Ocular Surface Staining graded according to Oxford 
Scheme modified, and Ferning test were performed.
Results: Tear osmolarity was 316.7±2.1 in the LASIK group, 
321,6±2.6 in the Sjogren group and 305.9±1.2 in the control group 
there was a significant difference between Lasik and Sjogren vs 
Normal group (P = <0,001) but not between Lasik vs Sjogren  
(P= 0,183)
Lacrimal Volume: The average Schirmer value for every group was 
19,9±1.1 mm, 13,0±1.2 mm and 21,4±0.9 for groups LASIK, Sjogren 
and Control respectively. There was a statistical difference between 
Lasik and Normal vs Sjogren (ANOVA P = <0,001) but not between 
Lasik and normal.
Tear Break Up Time: TBUT was 7,0±0,4 seconds (secs) in the Lasik 
group, 7,4±0,3 secs in the Sjogren group and 10.5±0,6 secs in the 
control group, there was a significant difference between Lasik and 
Sjogren vs Normal group (ANOVA P = <0,001) but not between 
Lasik and Sjogren.
Ocular Surface Disease Index: The average OSDI value for every 
group was 37.9±3.6 % in the Lasik group, 41.3±4.3% in Sjogren 
group and 27.4±3.4% in control group, there was a statistical 
difference between LASIK and Sjogren vs normal (ANOVA  
P = <0,001) but not between Lasik and Sjogren.
Conclusions: Even though, Sjogren and LASIK induced dry eye 
have different pathophysiological mechanisms in this study we 
evidenced that both can produced ocular surface alterations that share 
similar characteristics in the clinical setting.
Commercial Relationships: Carlos Medina; Luis C. Escaf, None
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Pre-clinical evaluation of a novel phospholipid nanoemulsion 
based lubricant eye drops
Howard Ketelson, Rekha Rangarajan. Novartis Pharmaceuticals 
Corporation, Dallas, TX.
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Purpose: Meibomian gland dysfunction is characterized by 
poor quality, quantity and integrity of the tear film due to lipid 
insufficiency. Targeted delivery of polar phospholipids to supplement 
the meibum using nanoemulsions can improve tear film function, 
stability and lipid layer thickness. This preclinical study aimed to 
evaluate a novel nano droplet-lipid based artificial tear product 
containing hydroxypropyl-guar, anionic phospholipid, mineral oil, 
and the demulcent propylene glycol in vitro and ex-vivo corneal 
epithelium models.
Methods: The % protection provided by the lipid nanoemulsion 
solution to human corneal epithelial cell lines from desiccation 
using the cell proliferation assay was compared to controls. Sodium 
fluorescein permeability was measured to determine whether these 
formulations can promote recovery of barrier function following 
damage. A lubricity assessment using a coefficient of friction 
experiment with pericardium tissue was also conducted. Solutions 
were tested by measuring effects of 5, 6-carboxyfluorescein 
permeability on the corneal epithelium of intact rabbit eyes.
Results: Compared to vehicle (n=38), nanoemulsion-treated cells 
(n=33) showed significantly greater hydration protection against 
desiccation (0% vs 39%, p<0.05). Compared to vehicle (n=63), cell 
protection by surface retention after rinse was also greater in treated 
cells (n=73) (0% vs 33%; p<0.05). After 48-hours in normal medium, 
barrier function of nanoemulsion-treated cells post benzalkonium 
chloride (BAC) treatment returned to control levels relative to the 
vehicle. The mean±SD fluorescence values (relative fluorescence 
units) 30 minutes after BAC exposure were 3.11±0.4 in vehicle 
and 2.66±0.2 with nanoemulsion (p<0.05, n=18). Fluorescein 
permeability (ng CF/g) in rabbit corneas following treatment 
with nanoemulsion formulation relative to BAC exposure was 
(9.57 vs 22.59; p<0.05; n=5). The nanoemulsion formulation also 
demonstrated greater lubricity among pericardial tissue samples,  
(2 min after application), than vehicle (p<0.05, n=3).
Conclusions: The lipid nanoemulsion based artificial tear 
formulation provided more effective moisture retention, protection, 
and improved cell barrier function than vehicle. This nanoemulsion 
artificial tear formulation may be beneficial in reducing ocular surface 
damage while replenishing the lipid layer of the tear film in patients 
with dry eye.
Commercial Relationships: Howard Ketelson, Novartis (E); 
Rekha Rangarajan, Novartis (E)
Support: Novartis Pharmaceuticals Corporation

Program Number: 3930 Poster Board Number: A0169
Presentation Time: 8:30 AM–10:15 AM
Inkjet-Printed Graphene Sensors for the Bedside Detection of 
Tear Film pH
Jackson Abou Chehade, Raymond Iezzi. Ophthalmology, Mayo 
Clinic, Rochester, MN.
Purpose: Splash injuries whereby the eye is exposed to acids or 
bases present as acute ocular emergencies. In managing these cases, 
tear film pH is measured at various sites in the ocular adnexa using 
multiple pH test strips on presentation and during the course of 
lavage until pH is normalized. Colorimetric pH test strips are open to 
errors of subjective interpretation and provide no quantitative record 
over time. The purpose of this study was to determine if a disposable 
pH sensor could be used to detect pH changes as they occur in an 
artificial tear film model.
Methods: pH-sensitive electrolyte-gated graphene field-effect 
transistors (EG-GFET’s) were fabricated by patterning graphene 
microplatelets onto gapped gold-on-polyimide electrodes using a 
nanomaterials inkjet printer. Contact points were isolated from the 
active sensor region using inkjet-printed ultraviolet-cured dielectric. 

A flow-cell was used to exchange test solutions and record current 
flow through the EG-GFET. Laboratory reference pH test solutions, 
of pH= 2.0, 6.0 and 8.0 were used to calibrate the sensor. Contrived 
tears with lipids (Ursa BioScience) were pH-buffered using HCL 
(1M) or NAOH (1M) to produce tear solutions of pH= 3.9, 6.0, 7.45, 
8.50 and 9.5. A laboratory-reference pH meter was used to verify 
the pH of each solution. For every solution tested, Dirac curves 
that demonstrate pH-dependent changes in current flow through the 
EG-GFET were measured using two source meters. Changes in the 
minimum gate-source transconductance point (Dirac point) were 
plotted as a function of pH.
Results: Graphene EG-GFET devices were highly sensitive to pH 
changes in our tear film model. Dirac Voltage was linearly related to 
tear film pH, changing approximately 17.2 millivolts per pH unit over 
the range of solutions tested, from pH 2.0 to pH 9.5 (r2=0.977).
Conclusions: We have fabricated disposable graphene sensors able 
to detect changes in tear film pH at the bedside within seconds of a 
teardrop application. EG-GFETs demonstrated a linear relationship 
between the change in the Dirac voltages and pH of the solutions 
tested. These devices can be used to accurately measure tear film pH 
and may be helpful in the emergency management of ocular adnexal 
exposure to acids or bases.

Graph 1. Dirac Voltage was linearly related to tear film pH, changing 
approximately 17.2 millivolts per pH unit over the range of solutions 
tested, from pH 2.0 to pH 9.5 (r2=0.977)
Commercial Relationships: Jackson Abou Chehade, None; 
Raymond Iezzi, None
Support: Research to prevent blindness, Vitreoretinal surgery 
foundation
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Interactions of essential fatty acids with the non-polar and polar 
lipids of the tear film
Poonam Mudgil. School of Medicine, Western Sydney University, 
Penrith, NSW, Australia.
Purpose: Essential fatty acids (EFAs) as dietary supplements 
have been shown to be effective in treating dry-eye by reducing 
inflammation at the ocular surface. Their topical application in eye 
drops to deliver fatty acids directly to the ocular surface is currently 
under investigation. Our previous research has shown that EFAs  
at the ocular surface can alter the biophysical properties of tear 
lipids. This study aimed at investigating how EFAs interact with the 
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non-polar and polar lipids of the tear film taking cholesterol ester and 
phospholipid as examples.
Methods: EFAs (linoleic acid and α-linolenic acid), cholesterol 
oleate, and dipalmitoyl phosphatidylcholine (DPPC) were spread 
separately on an artificial tear solution in a Langmuir trough 
maintained at 35°C. The lipid film at the air-tear interface was 
compressed and expanded to record pressure-area isocycles. EFAs 
were mixed with cholesterol oleate and DPPC in equal mole fraction 
ratios and interactions between them were studied by recording 
pressure-area isocycles of the mixed films.
Results: Linoleic acid and α-linolenic acid added to cholesterol 
oleate decreased its molecular area by about 10 Å2 and the maximum 
surface pressure by about 15 mN/m. The plateau at about 45 
mN/m corresponded to a bilayer that was highly compressible with 
rearrangement of lipid molecules within the layer without further 
increase in pressure in the mixed film and with further increase in 
pressure in the cholesterol oleate film. Linoleic acid and α-linolenic 
acid added to DPPC decreased its molecular area by about 10 Å2 and 
17 Å2, respectively, but did not much affect the maximum surface 
pressure. The plateau at about 45 mN/m corresponded to a condensed 
film that was highly compressible with molecules leaving the ordered 
condensed state to forming a bilayer without further increase in 
pressure in the mixed film and the DPPC film.
Conclusions: EFAs interact with the non-polar and polar lipids of the 
tear film causing their condensation. They maintain characteristics 
of cholesterol oleate and DPPC in the mixed lipid films. At higher 
compressions lipid molecules rearrange themselves and form bilayers 
that are highly compressible at the air-tear interface. Future studies 
will focus on studying combinations of EFAs with more lipid classes 
of the tear film to gain a thorough understanding of the interaction of 
EFAs with tear lipids for their topical application in dry-eye.
Commercial Relationships: Poonam Mudgil, None
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Sex related difference in tear protein profile and cytokine 
expression begin at a young age in humans
Piera Versura1, Manuela Piazzi2, Giuseppe Giannaccare1, 
Michela Fresina1, Veronica Forlani1, Lucio Cocco2, 
Emilio C. Campos1. 1DIMES, Ophthalmology Unit, Alma Mater 
Studiorum University of Bologna, Bologna, Italy; 2DIBINEM, Alma 
Mater Studiorum University of Bologna, Bologna, Italy.
Purpose: A systematic analysis on tears by gender and age in healthy 
individual subjects has not been performed to date. To evaluate tear 
proteins and cytokine expression in healthy young males and females, 
these collected in different phases of the menstrual cycle
Methods: 10 μl unstimulated tears were collected in both eyes from 
healthy volunteers, 25 males (M) and 25 females (F), aged 20-24 
yrs. Only females who reported regular cycle (26-34 days) were 
included and sampling occurred at day 12±2 (high estrogen, H-E i.e., 
follicular phase) and day 28±2 (low estrogen, L-E i.e., premenstrual 
phase). Protein analysis was performed in individual samples with 
the 2100 Bioanalyzer (Agilent Technology, CA, USA), 1-D SDS-
PAGE electrophoresis and characterized by western blotting. Total 
protein content (TP) and the following proteins were recognized 
and quantified: Lysozyme-C (LYS-C), Lactotransferrin (LACTO), 
exudated serum albumin (ALB), Serotransferrin (TRANSF), Tear 
lipocalin 1 (LIPOC-1), Zinc-alpha-2-glycoprotein (ZAG-2),  
Lacritin (LACRT) and Protein-rich-protein 4 (PRR4). IL-1β, IL-6, 
IL-8, TNF-α and MMP-9 were detected by multiplex-bead assay 
(Luminex, Biorad Bio-Plex 100). Data were statistically compared 
(significance p<0.05)

Results: Results were consistent in all samples, with a reduced 
variability among subjects in both M and F. Data from both eyes in 
each subject were highly correlated. Statistically significant lower 
level for all the proteins was found in M as compared to F in both 
phases, whereas no difference between phases of the cycle in F was 
demonstrated, except for LACRT that showed higher levels in M 
versus F and in L-E versus H-E (p<0.001). IL-1β and TNF-α showed 
expression levels below the minimum detectable level in all subjects, 
no sex related difference was found for IL-6, IL-8 level was higher in 
M with no difference between phases of the cycle in F, and MMP-9 
level was the highest in M with higher level in H-E versus L-E phase 
in F
Conclusions: The level of major tear proteins significantly differs 
with respect to the sex also in the youngest and without any systemic 
or ocular function impairment. The hormonal fluctuation over the 
menstrual cycle appears to influence LACRT and MMP-9 levels 
in the normal and young females, with a potential impact on the 
homeostasis of the lachrymal function system with advancing age. 
Commercial disclosure: none
Commercial Relationships: Piera Versura, None; Manuela Piazzi, 
None; Giuseppe Giannaccare, None; Michela Fresina, None; 
Veronica Forlani, None; Lucio Cocco, None; Emilio C. Campos, 
None
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Tear fluid neutrophils and NETs: Implications in the pathogenesis 
of ocular graft vs host disease
ILANGOVAN RAJU1, SEUNGWON AN1, Disha Varma2, 
Anubhav Pradeep1, Bayasgalan Surenkhuu1, Azucena Lopez1, 
Anisha D’costa1, Christine Mun1, Anna Ahn1, Satyabrata Sinha1, 
Shilpa Gulati1, Sandeep Jain1. 1Ophthalmology and Visual Sciences, 
University of Illinois-Chicago, LIERI, Chicago, IL; 2Orthopedics, 
Rush University, Chicago, IL.
Purpose: The contribution of neutrophil extracellular traps in the 
pathogenesis of oGVHD is not fully understood. The purpose of the 
present investigation is to determine whether the severity of ocular 
disease in oGVHD is related to the presence of neutrophils and their 
products (NETs) in tear fluid, and whether neutrophils in oGVHD 
patients are abnormally responsive to stimuli that cause NETosis.
Methods: Conjunctival washings from the ocular surface of healthy 
subjects (n=10) and pre-transplant (n=20) and definite oGVHD 
patients (n=33)) were collected and analyzed for abundance of 
extracellular DNA (eDNA), neutrophils, and epithelial cells. The tear 
fluid eDNA was measured by PicoGreen kinetic assay. Neutrophils 
were isolated from peripheral blood and stimulated with PMA or 
hyperosmolar solutions, and the amount of NETosis was determined 
by Sytox Green plate reader assay.
Results: Patients with excess neutrophils in the tear fluid had more 
severe disease as evidenced by significantly higher composite score 
(8.53 ± 0.52, p < 0.05) as compared to patients with epithelial  
cells excess (6.6 ± 0.48). The clinical signs that were significantly 
worse in patients with neutrophil excess include: (i) ocular redness 
score, (ii) corneal staining, and (iii) MMP-9 test. Patients with 
oGVHD who had an excess of neutrophils in their tear fluid had 
significantly more severe ocular surface disease (composite score) 
and a higher amount of tear fluid eDNA. The amount of eDNA  
was significantly higher in oGVHD patients (7.25 ± 1.86 μg/mL,  
p < 0.05) compared to pre-transplant patients (1.85 ± 0.37) and 
healthy subjects (1.47 ± 0.16). The concentration of tear fluid eDNA 
showed a significant moderate positive correlation with OSDI  
(r = 0.45), ocular redness score (r = 0.45), corneal staining (r = 0.35), 
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and the composite score (r = 0.42). Peripheral blood neutrophils in 
oGVHD patients were hyperresponsive to NETosing stimuli.
Conclusions: Our results suggest that neutrophils and their 
extracellular products (NETs) may contribute towards ocular GVHD 
pathology, and make a case for investigating the clinical value 
of manipulating them for treating oGVHD. Potential therapeutic 
strategies may include: (i) enhancing the clearance of NETs from 
the ocular surface using nucleases; (ii) reducing the responsiveness 
of neutrophils to NETosing stimuli; and (iii) reducing the egress of 
neutrophils onto the ocular surface.
Commercial Relationships: ILANGOVAN RAJU, None; 
SEUNGWON AN, None; Disha Varma, None; Anubhav Pradeep, 
None; Bayasgalan Surenkhuu, None; Azucena Lopez, None; 
Anisha D'costa, None; Christine Mun, None; Anna Ahn, None; 
Satyabrata Sinha, None; Shilpa Gulati, None; Sandeep Jain, None
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The impact of BAK on the human tear film proteome: a pilot 
study
Benjamin Haden, Danielle M. Robertson, Meifang Zhu. 
Ophthalmology, UT Southwestern, Carrollton, TX.
Purpose: Purpose: Benzalkonium chloride (BAK) is a common 
preservative in topical ophthalmic agents. BAK and other types 
of preservatives are necessary to maintain a drug’s efficacy and 
inhibit microbial growth. The effects of BAK on the ocular surface 
have been well studied and include ocular surface inflammation, 
cytotoxic damage to corneal epithelial cells, and tear film instability. 
The purpose of this study is to compare the differences between the 
human tear proteome in BAK and non BAK users.
Methods: Methods: Ten volunteers have been recruited into one 
of two groups: a healthy, non-BAK user control group and a BAK 
user group. All volunteers signed an informed consent prior to 
participation in the study. All volunteers were assessed using a slit 
lamp biomicroscope for signs of ocular surface disease including 
assessment of corneal staining, tear film break up time, and 
tear production. Ten μl tear samples were collected using glass 
microcapillary tubes. Samples for each group were pooled together 
and total protein concentration was measured using a QuBit 3.0 
Fluorometer. 72 μg of each sample was then placed into 2x sample 
buffer and subject to electrophoresis in a 12% polyacrylamide gel. 
After separation, each lane was fractionated into six individual 
sections and sent for mass spectrometry analysis at the UTSW 
Proteomics Core Facility. Functional analysis of unique and enriched 
proteins was performed using the WEB-based GEne SeT AnaLysis 
Toolkit (web-Gestault and the Kyoto Encyclopedia of Genes and 
Genomes (KEGG). For proteins to be considered enriched, a 3:1 ratio 
of the spectral index for the enriched protein over the control was 
required.
Results: Results: There was a significant difference in conjunctival 
staining between BAK and non-BAK users (P=0.014). To date, we 
have identified a total of 579 unique proteins in the tear fluid, with 
27 unique to non BAK users and 108 unique to BAK users. An 
additional 119 unique proteins were found to be enriched in BAK 
users. Subject recruitment and tear collection is still on-going to 
validate these findings.
Conclusions: Conclusions: Enriched and unique proteins found 
in the BAK group confirm increased cellular toxicity from chronic 
BAK exposure. These proteins may represent usable biomarkers for 
studying cellular toxicity at the ocular surface in response to common 
ocular preservatives and biocides.
Commercial Relationships: Benjamin Haden, None; 
Danielle M. Robertson, None; Meifang Zhu, None

Support: NIH/NEI grants EY024433 (DMR), EY024546 (DMR), 
core grant for vision research EY020799, and an unrestricted grant 
from Research to Prevent Blindness, New York, NY.

Program Number: 3936 Poster Board Number: A0175
Presentation Time: 8:30 AM–10:15 AM
Metabolic activity of human corneal epithelial cells after 
exposure to artificial tear-like formulations with varying pH and 
osmolalities
Lakshman N. Subbaraman, Yun Ha (Sammie) Hwang, Lucy Liu, 
David McCanna, Lyndon W. Jones. CCLR, School of Optometry & 
Vision Science, University of Waterloo, Waterloo, ON, Canada.
Purpose: Symptoms of ocular discomfort can be caused due to 
the disruption of optimal pH and osmolality levels in the tear film. 
The objective of this study was to assess the metabolic activity of 
human corneal epithelial cells (HCEC) after exposure to artificial tear 
solutions (ATS) with varying pH and osmolality levels using an  
in vitro model.
Methods: Primary and immortalized HCEC were exposed to an 
ATS composed of proteins and lipids at concentrations found in the 
natural tears. Various ATS were prepared that differed in pH levels 
(ranging between 1 and 12) and osmolality (levels ranging from 
100 to 1000 mmol/kg). HCEC were then exposed to ATS of varying 
pH and osmolalities for three hours at 37 degrees C and 5% CO2. 
Subsequently, the ATS was removed and replaced with 1mL of a 
solution composed of growth media and 10% alamarBlue. After 
incubation for 4 hours at 37 degrees C and 5% CO2, the change in 
fluorescence was determined using a microplate reader set at 530/590 
excitation/emission. Statistical significance of the difference between 
treatment groups (three replicates were used for each treatment) 
was determined using an analysis of variance. Pairwise multiple 
comparison procedures were performed using the Bonferroni  
post-hoc test, with significance set at 0.05.
Results: Primary and immortalized HCEC were metabolically active 
between pH ranges 5-7. Cells exposed to extremes of pH outside this 
range were significantly less metabolically active (p<0.05). Exposure 
to ATS with osmotic levels >500 mmol/kg caused significant 
reductions in the metabolic activity of immortalized HCEC (p<0.05) 
when compared to the control (300 mmol/kg).
Conclusions: In conditions such as dry eye there may be an 
excessive evaporation of water from tears, causing a hypertonic 
environment for the cells. Furthermore, some dry eye patients may 
have an elevated pH in their tears. This investigation showed the 
tolerability of HCEC when exposed to ATS of varying pH and 
osmolalities using the alamarBlue metabolic activity as an indicator 
of cell health.
Commercial Relationships: Lakshman N. Subbaraman; Yun Ha 
(Sammie) Hwang, None; Lucy Liu, None; David McCanna, None; 
Lyndon W. Jones, None
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Construction of a 2-D Photonic Crystal Glucose Sensor for 
Sensing Glucose in Tears
ruan jiali1, Cheng Chen2, Shaohong Qian1. 1eye, EENT hospital 
of FUDAN university, Shanghai, China; 2Shanghai Polytechnic 
University, Shanghai, China.
Purpose: Noninvasive and real-time glucose monitoring is urgently 
needed in patients’ glucose control. As a promising material, photonic 
crystal (PC), shows huge potential for monitoring glucose in tears. 
However, low sensitivity and response time-lapse block its way into 
clinical generalization.
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Methods: We design a novel GMCC material by embedding a  
500 nm two-dimensional (2D) polystyrene (PS) colloidal crystal (CC) 
in 4-aldehydephenylboric acid-modified poly(vinyl alcohol) (PVA) 
hydrogel to monitor tear glucose in human. Both glucose solution 
and artificial tears with benching concentrations were detected by 
an automatic biochemical analyzer, which were also tested by the 
GMCC sensor, qualitatively with color changing and quantitatively 
with the diffraction wavelength shifting.
Results: Such sensor could efficiently diffract visible light, whose 
wavelength could be shifted from 577 nm to 468 nm as glucose 
concentration altered under physiologically range from 0 mM to  
20 mM, covering both tears’ and bloods’, visually seen as color 
changed from reddish yellow through green to blue at fixed viewing 
angle of 19. The representative response time was ~200 seconds at 
the glucose concentration of 10 mM, showing trend as the higher 
the glucose concentration goes, the faster the GMCC responses. 
Moreover, the GMCC avoided the interference induced by the 
complex elements in tears, since it comprised a specific  
glucose-responding agent.
Conclusions: The changing diffraction of the GMCC can literally 
reflect the fluctuating concentration of tear glucose with the change 
of the structure color. With the characteristics of high sensitivity and 
accuracy in detecting glucose concentration in tears, this intelligent 
sensing material is both convenient and portable in social life utility, 
thereby presents great possibility to bring itself into the frontier of 
glucose analyzing device.

Fig 1, the 2D PS PC self-assembled with a highly periodic structure 
of a closely packed hexagonal monolayer structure.

Fig 2, GMCC could diffract visible light, whose wavelength could 
be shifted from 577 nm to 468 nm as glucose concentration altered 
under physiologically range from 0 mM to 20 mM.
Commercial Relationships: ruan jiali, None; Cheng Chen, None; 
Shaohong Qian, None

Program Number: 3938 Poster Board Number: A0177
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Femtosecond Laser Assisted Pterygium Surgery (FLAPS)
Matthias Fuest2, 1, Yu-Chi Liu2, 3, Gary Hin-Fai Yam2, 4, 
Minas T. Coroneo5, Jodhbir Mehta2, 3. 1Ophthalmology, RWTH 
Aachen University, Aachen, Germany; 2Tissue Engineering and Stem 
Cell Group, Singapore Eye Research Institute, Singapore, Singapore; 
3Singapore National Eye Centre, Singapore, Singapore; 4Eye-
ACP, Duke-NUS Graduate Medical School, Singapore, Singapore; 
5Faculty of Medicine, University of New South Wales, Sydney, NSW, 
Australia.
Purpose: Pterygium is a common ocular surface disorder. 
Conjunctival autografting (CAG) following pterygium resection is 
the gold standard treatment. CAGs without Tenon’s tissue provide 
better results but are more technically difficult to achieve. In this 
study, we evaluated the feasibility and reproducibility of femtosecond 
laser (FSL)-assisted CAG preparation first in a porcine model, then in 
a clinical trial (NCT02866968).
Methods: Fifteen porcine globes were fixed in a suction holder and 
ellipsoid CAGs created by 1) an experienced consultant and 2) a less 
experienced fellow using the Ziemer LDV Z8 set to 100% energy for 
the horizontal conjunctival stroma and 130% for the side cuts. The 
CAG’s dimension was measured and thickness analyzed by optical 
coherence tomography. In a clinical trial we treated 6 eyes of  
5 patients with FLAPS. Statistical analysis was performed by  
Mann-Whitney-U and Wilcoxon test.
Results: Porcine FSL-assisted CAGs prepared at 100 μm  
(146.4 ±45.7μm) showed a significantly higher deviation from 
desired depth (p=.04) and a higher variability (p=.03) in thickness 
than those prepared at 60 μm (71.4 ±12.7μm). The experienced  
(68.3 ±14.3μm) and inexperienced surgeon (73.9 ±11.9μm) produced 
60 μm grafts of comparable thickness (p=.6) and variability (p=.7). 
In patients following standard pterygium resection the Z8 was 
programmed to dissect ellipses of 60 μm thickness and a mean CAG 
area of 51.4 ±6.9mm2. The CAG area measured after dissection in the 
patients was 42.2 ±8.3mm2, 17.9% smaller than the settings (p=.03). 
Intraoperative central (75.6 ±13.7μm) and peripheral (77.7 ±13.2μm) 
CAG thickness did not differ significantly (p=.3). No buttonholes or 
CAG tags occurred during surgery. The mean FSL dissection time 
was 19.5 ±1.2 s and the time to lift the prepared CAG and to unfold 
it onto the cornea was 10.3 ±3.8 s. Mean follow-up was 35.8 ±38.0 
days and the epithelium had healed at the CAG resection side within 
1 week in all patients. During the time of follow-up no postoperative 
complication or recurrence occurred.
Conclusions: FLAPS is a new technique, in which the preparation of 
an ultra-thin CAG is done by FSL. Following optimization in porcine 
eyes, the clinical trial in the first 6 eyes was performed without any 
complications and the FSL might assist in further standardizing the 
surgical procedure. Longer follow-ups and larger cohorts are needed 
to assess recurrence rates.
Commercial Relationships: Matthias Fuest, None; Yu-Chi Liu, 
None; Gary Hin-Fai Yam, None; Minas T. Coroneo, None; 
Jodhbir Mehta, None
Clinical Trial: NCT02866968
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Enhancing pterygium fibroblasts culture: a serial explant 
technique using extracellular matrix coating
Denise Loya, Eduardo Camacho-Martinez, Judith Zavala, 
Julio C. Hernandez, Jorge E. Valdez. Ophthalmology and Visual 
Sciences Institute, School of Medicine of the Tecnologico de 
Monterrey, Monterrey, Mexico.
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Purpose: The lack of commercial cell lines and the need of primary 
tissue explants to culture pterygium fibroblasts are obstacles in 
the study of pterygia. The use of extracellular matrix for culture 
optimization with encouraging results has been described for 
epithelial cells but not for fibroblasts. The aim of this study is to 
analyze the feasibility of a serial explant culture technique using 
extracellular matrix coating as a viable option for enhancing human 
pterygia fibroblasts culture for its subsequent use in research
Methods: Pterygium tissue was obtained from the pathology 
department of Hospital San José Tecnológico de Monterrey 
(Monterrey, México) and fractionated into small pieces of 
approximately 3mm2 each. Tissue was cultured in a 24 well 
microplate previously coated with 20μl of extracellular matrix based 
hydrogel (Matrigel, Corning), and just enough culture medium 
D-MEM F-12 (Gibco, Ref: 12400-016) to cover the explant and 
the extracellular matrix. Explants were incubated under standard 
conditions (37 C, 5% CO2) with medium being refreshed twice per 
week. Once cells were confluent subculture and explant transfer was 
done. Cells from each well were subcultured in 3 different wells in a 
new coated 24 well microplate. Explants were also transferred to new 
24 well microplates coated with extracellular matrix based hydrogel
Results: After the primary culture, a total of four explant transfers 
were done. Confluence was achieved 27 days later for the primary 
culture, 4 weeks later for the first explant, 3 weeks later for the 
second and third explant transfers, and 4 weeks later for the fourth 
explant transfer. Subcultures were made for each plate once 80% 
confluence was achieved on a 1:3 basis, with subsequent passages 
as were needed. These passages showed decreased time period till 
confluence as they were expanded
Conclusions: The use of serial explants cultured with extracellular 
matrix coating proved to be a feasible way of increasing the number 
of cells that can be obtained from a single pterygium tissue sample. 
Fibroblastic cells obtained using this culture technique allowed 
preservation of cell morphology, replication rate and growth 
pattern in the explant transfers and subcultures. Further molecular 
characterization of pterygium fibroblasts will validate the stability of 
the obtained cells for their subsequent use in basic and translational 
research.

Commercial Relationships: Denise Loya, None; 
Eduardo Camacho-Martinez, None; Judith Zavala, None; 
Julio C. Hernandez, None; Jorge E. Valdez, None
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Atopy and Ocular Surface Squamous Neoplasia
Lily Zhang1, 2, Carolina Mercado2, Anat Galor2, 3, Gaofeng Wang4, 
Carol Karp2. 1University of Miami Miller School of Medicine, 
Miami, FL; 2Department of Ophthalmology, Bascom Palmer Eye 
Institute, Miami, FL; 3Miami Veterans Administration Medical 
Center, Miami, FL; 4John P. Hussman Institute for Human Genomics, 
Miami, FL.
Purpose: Few studies have described ocular surface squamous 
neoplasia (OSSN) and its association with atopic diseases and there 
is no consensus on the course of OSSN in atopic patients. We thereby 
report 3 patients with atopy and OSSN, focusing on presenting 
features and unique response to therapy.

Methods: Retrospective chart review from 2014 to 2016 of patients 
with clinical history of atopy who presented with OSSN to the 
Bascom Palmer Eye Institute.
Results: Three male patients with mean age of 73 presented with 
OSSN and history of atopy with ocular manifestations. Their histories 
were significant for atopic dermatitis and keratoconjunctivitis. All 
patients had treatment courses complicated by multiple surgeries, 
recurrences, or advanced disease. One patient also had keratolimbal 
allograft transplantation to treat limbal stem cell deficiency. The 
patients initially received medical treatment with topical interferon-
alpha-2b (IFNα2b). However, all patients had recurrences and 
eventual eradication with 5-fluorouracil (5-FU).
Conclusions: Three patients with history of atopy whose OSSN 
were associated with aggressive disease, frequent recurrences and 
required multiple treatment modalities. IFNα2b therapy was marked 
by partial response and recurrences. These cases suggest the immune 
hyperactivity of atopy affects both OSSN course and how medical 
therapy combats OSSN. More research is needed to elucidate how 
atopy affects OSSN presentation and treatment. Our study suggests 
topical 5-FU may be a better therapy compared to IFNα2b, and 
aggressive treatment and vigilance may be beneficial for patients with 
atopy and OSSN.

Biomicroscopy of case 1 illustrates (a) opalescent and gelatinous 
tumor at 3 to 10 o’clock with vascularity and rose bengal stain (white 
arrows); (b) HR-OCT with thickened hyper-reflective epithelium 
(white arrows), and abrupt epithelial transition (black arrow); (c) 2 
months of 5-FU shows drastic improvement with mild subepithelial 
haze; (d) HR-OCT confirms normalized epithelium with mild residual 
hyper-reflectivity.
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Biomicroscopy of case 2 illustrates (a) opalescent and gelatinous 
lesion at 2 to 4:30 o’clock limbus with 4mm extension onto cornea 
(white arrows) at edge of limbal autograft; (b) HR-OCT confirms 
recurrent OSSN with thickened, hyper-reflective epithelium (white 
arrow) and abrupt epithelial transition (black arrow). (c) Resolution 
after 4 rounds of 5-FU; note atopic eyelid scarring. (d) HR-OCT 
confirms thin, normalized epithelium.
Commercial Relationships: Lily Zhang, None; Carolina Mercado, 
None; Anat Galor, None; Gaofeng Wang, None; Carol Karp, None
Support: NIH Center Core Grant P30EY014801, RPB Unrestricted 
Award and Career Development Awards, Department of Defense 
(DOD- Grant#W81XWH-09-1-0675)The Ronald and Alicia Lepke 
Grant, The Lee and Claire Hager Grant, The Jimmy and Gaye Bryan 
Grant, The H. Scott Huizenga Grant, The Robert Baer Family Grant, 
The Gordon Charitable Foundation and the Richard Azar Family 
Grant(institutional grants).

Program Number: 3941 Poster Board Number: A0180
Presentation Time: 8:30 AM–10:15 AM
Clusterin Seals the Ocular Surface Barrier Disrupted by 
Chemical Stress
Shravan K. Chintala1, Joseph T. Barr2, M Elizabeth Fini1, 
Shinwu Jeong3, 4. 1Proteris Biotech, Inc., Pasadena, CA; 2College 
of Optometry, The Ohio State University, Columbus, OH; 3USC 
Institute for Genetic Medicine, Keck School of Medicine of USC, 
Los Angeles, CA; 4USC Roski Eye Institute and Department of 
Ophthalmology, Keck School of Medicine, Los Angeles, CA.
Purpose: Staining with clinical dyes is commonly used to track 
cellular changes at the ocular surface (OCS) due to ocular surface 
disease (OSD). We recently discovered that topical application of the 
natural tear glycoprotein CLU (clusterin) has the remarkable capacity 
to seal the OCS against fluorescein (FL) uptake due to desiccating 
stress in mice, an OSD model that mimics human dry eye (PMID: 
26402857; PMID: 27131907). Here we investigated sealing in a 
second mouse model of OSD caused by chemical stress due to topical 
treatment with benzalkonium chloride (BAC), the most commonly 
used ophthalmic preservative.
Methods: C57BL/6J mice were treated topically with 0.2% BAC, 
2 times/day for 2 days. OCS integrity was evaluated by application 
of FL or rose-bengal (RB) clinical dyes. Punctate staining was 
evaluated qualitatively by imaging, then eyes were removed 
and dye was extracted with DMSO and quantified using a plate 
reader. Recombinant human CLU purchased from R&D systems 
(Minneapolis, MN) was formulated in PBS. One uL of CLU solution 
at doses between 0.1 to 100 ug/mL, or PBS control, was applied 
topically a single time, to untreated or BAC-treated eyes. Ten minutes 

later, OCS integrity was assessed. Statistical analysis was performed 
by Student T-test.
Results: Normal untreated mouse corneas exhibited a background 
level of OCS barrier disruption characterized by a punctate mosaic 
of cells that stained lightly with RB. Two days of BAC treatment 
resulted in a significant increase in barrier disruption characterized 
by clinical dye hyper-staining that occurred evenly across the 
OCS. Application of 1 uL of CLU formulated at 100 ug/mL had 
no effect on background staining by RB, but completely sealed the 
OCS against BAC-stimulated hyper-staining. This suggests that 
background staining and chemical stress-stimulated hyper-staining 
have different mechanisms. When CLU was applied to the BAC-
treated OCS in a 10-fold incremental dose range from 0.1 ug/mL 
to 100 ug/mL, a dose-dependent sealing effect was observed, with 
complete sealing occurring at 10 ug/mL. The same results were 
obtained with FL dye.
Conclusions: The cytoprotective, proteoslalic and anti-inflammatory 
properties of CLU have been documented over many years. The 
newly recognized capacity of CLU to seal the OCS barrier against 
disruption due to various forms of damaging stress suggests that CLU 
could be of significant therapeutic value in treating OSD signs and 
symptoms.
Commercial Relationships: Shravan K. Chintala, University of 
Southern California (P), Proteris Biotech, Inc. (E); Joseph T. Barr, 
Proteris Biotech, Inc. (C); M Elizabeth Fini, Proteris Biotech, Inc. 
(I), University of Southern California (P); Shinwu Jeong, University 
of Southern California (P), Proteris Biotech, Inc. (F)
Support: NIH Grant EY025890 to Proteris Biotech (MEF) and  
sub-award to USC (SJ)
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Mechanism of Ocular Surface Staining by Clinical Dyes
Shinwu Jeong1, 6, Jasmine Kim2, Michelle Ngan3, Andrew Webster1, 
Joseph T. Barr4, Pablo Argueso5, M Elizabeth Fini1. 1USC Institute 
for Genetic Medicine, Keck School of Medicine of USC, Los 
Angeles, CA; 2USC Dornsife College of Letters, Arts & Sciences, 
University of Southern California, Los Angeles, CA; 3Keck 
School of Medicine of USC, Los Angeles, CA; 4The Ohio State 
University College of Optometry, Columbus, OH; 5The Schepens 
Eye Research Institute, Massachusetts Eye & Ear and Department of 
Ophthalmology, Harvard Medical School, Boston, MA; 6USC Roski 
Eye Institute and Department of Ophthalmology, Keck School of 
Medicine of USC, Los Angeles, CA.
Purpose: While ocular surface (OCS) staining with clinical 
dyes such as sodium fluorescein (FL) or rose-bengal (RB) is 
commonly used to assess dry eye, the reasons for staining are not 
well understood. It was recently shown that application of various 
stressors to monolayer cultures stimulates FL uptake by individual 
living cells, resulting in a mosaic of “hyper-staining”, similar to the 
punctate pattern of OCS staining characteristic of dry eye (PMID: 
24332360; PMID: 24489650). Here we investigated mechanisms.
Methods: Immortalized cells of a human corneal limbal epithelial 
(HCLE) line were cultured as monolayers or induced to differentiate 
into a stratified squamous mucosal epithelium, as described (PMID: 
12766048). Cultures were treated for 2 h with 3 mM tert-butyl 
hydroperoxide (t-BHP) to create oxidative stress. Uptake of FL  
(30 uM, 10 min) or RB (0.05%) was evaluated quantitatively using 
a plate reader, or qualitatively by imaging. Statistical analysis was 
performed using the Student t-test.
Results: All cells in monolayer culture actively take up FL or RB at 
a low level, however when induced to differentiate, islands of RB 
exclusion develop. We now report that differentiation also creates a 
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partial barrier to FL uptake. T-BHP treatment of monolayer cultures 
stimulated an increase in FL dye uptake by 2.2-fold (p<1x10-4), 
evidenced as a mosaic of individual cell hyper-staining. Cell surface 
binding of Annexin V (an early sign of apoptosis) was increased 
in parallel. T-BHP treatment of stratified cultures stimulated dye 
uptake by only 1.5 fold (p=0.005) and binding of Annexin V was 
similarly reduced. Cells apparently recover from initial damage, 
as judged by the lack of trypan blue staining, DNA degradation or 
TUNEL assay positivity. T-BHP stimulated cells to take up dye into 
discrete vesicles. The t-BHP stimulated uptake of FL was blocked 
almost to the untreated level by genistein (p<0.01), an inhibitor of 
caveolin-mediated endocytosis, and by chlorpromazine (p<1X10-5), 
an inhibitor of clathrin-mediated endocytosis.
Conclusions: The results demonstrate that oxidative stress-induced, 
sub-lethal cell damage stimulates clinical dye uptake and that 
squamous mucosal differentiation provides a partial barrier. They 
further suggest that dye uptake occurs by caveolin- and clathrin-
mediated endocytosis.
Commercial Relationships: Shinwu Jeong, University of Southern 
California (P), Proteris Biotech, Inc. (F); Jasmine Kim, None; 
Michelle Ngan, None; Andrew Webster, None; Joseph T. Barr, 
Proteris Biotech, Inc. (C); Pablo Argueso, None; M Elizabeth Fini, 
Proteris Biotech, Inc (I), University of Southern California (P)
Support: EY026479 (MEF), Research to Prevent Blindness (USC)
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Amniotic Membrane Transplantation for Ocular Involvement in 
Mycoplasma Induced Rash and Mucositis
Samantha Herretes1, Abdourahman Cham1, Matthew Cossack1, 
Erin Stahl1, 2. 1Ophthalmology, University of Missouri - Kansas City, 
Kansas City, MO; 2Ophthalmology, University of Kansas, Kansas 
City, KS.
Purpose: Mycoplasma-induced rash and mucositis (MIRM) has 
been recently described as a clinical entity separate from Stevens 
Johnson Syndrome (SJS), Toxic Epidermal Necrolysis (TEN), and 
Erythema Multiforme (EM). It typically affects younger patients and 
tends present with severe mucositis affecting eyes, mouth, and genital 
area, but with sparse cutaneous involvement and good prognosis 
with rare mortality. While amniotic membrane transplantation 
(AMT) guidelines have been used for ocular involvement in SJS, its 
use in MIRM hasn’t been evaluated. We performed a retrospective 
evaluation of patients with a diagnosis of MIRM with ocular 
involvement that underwent AMT.
Methods: We evaluated patients under 18 years of age with a 
diagnosis of MIRM (as determined by dermatology) with significant 
unilateral or bilateral eye involvement, who underwent AMT with 
cryopreserved membrane onto the ocular surface between the years of 
2010 and 2016 at a single institution.. A comprehensive pre-operative 
ocular surface evaluation was performed, including including visual 
acuity (VA), corneal and conjunctival fluorescein staining, and 
evaluation of eyelids. Post-operative parameters included VA, surface 
staining, presence of chronic dry eye, and need for topical anti-
inflammatory medications.
Results: Six patients (twelve eyes) were included in the analysis. All 
patients were within the first 10 days of disease, and had significant 
conjunctival epithelial defects or eyelid margin skin defects, with 
or without corneal involvement. Mean pre-operative VA was 20/30. 
The last follow-up visit ranged from 6months to 4 years. Mean 
post-operative VA at the last follow-up visit was 20/20. At that time, 
only one of the patients showed signs of chronic dry eye, which was 
controlled by the use of topical cyclosporine.

Conclusions: Even though patients with MIRM typically have little 
to no skin involvement, it is important to emphasize that they can 
present with intense mucositis and severe inflammation of the ocular 
surface. AMT has been shown to improve visual outcomes in patients 
with SJS; however, its efficacy in patients with MIRM hasn’t been 
established. This study shows that patients with ocular involvement 
from MIRM may also benefit from AMT when used under the same 
guidelines previously described for SJS.
Commercial Relationships: Samantha Herretes, None; 
Abdourahman Cham, None; Matthew Cossack, None; Erin Stahl, 
Alcon (F), Omeros (F), Retrophin (F)
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Microbiological contamination of amniotic membrane tissue 
before and after decontamination
Henning Thomasen1, Klaus-Peter steuhl1, Daniel Meller2. 
1Department of Ophthalmology, University Hospital Essen, Essen, 
Germany; 2Department of Ophthalmology, University of Jena, Jena, 
Germany.
Purpose: During preparation of amniotic membrane (AM) in tissue 
banking fresh, non-preserved tissue and decontaminated preserved 
tissue were routinely screened for microbiological contamination. We 
performed a retrospective study to compare the results of microbial 
screenings of fresh AM and the corresponding decontaminated 
and cryopreserved tissue from placentas acquired at our local the 
cornea bank in order to evaluate the rate of contamination and the 
effectiveness of the decontamination procedures.
Methods: Tissue samples from 55 processed placentae were tested 
for microbial contamination before and after decontamination with 
antibiotics and cryopreservation in glycerol and antibiotic containing 
medium at -80°C. Microbial growth was assessed by examining 
tissue samples in an automated test system. In case of detected 
microbial growth the contaminating species were identified.
Results: In 22 out of the 55 examined placentae contamination of 
the non-decontaminated tissue by microorganisms was detected. 
The most prominent microorganismen was Propionibacterium 
acnes (8), followed by Staphylococcus epidermidis (6). The 
other microorganisms were detected in one placenta each: 
Propionibacterium avidum, Staphylococcus sacharolyticus, 
Staphylococcus lugdunensis, Bacillus spec., Faklamia hominis, 
Penicillium spec. and a non-specified aerobic sporulating 
bacterium. One sample showed contamination with two 
microorganisms. The corresponding decontaminated and 
cryopreserved tissue samples were void of microbial contamination. 
In four placentae contamination of the decontaminated tissue was 
detected. The microorganisms detected in these samples were 
Staphylococcus epidermidis, Bacillus simplex, Bacillus Pumilus 
and Propionibacterium acnes. There was no correlation between 
the contaminations of the non-decontaminated and corresponding 
decontaminated tissues.
Conclusions: Despite handling and preparation of the amniotic 
tissue under sterile conditions it still showed contamination by 
microorganisms. The applied decontamination process seems to be 
effective since most of the examined tissue samples did not show 
contamination after the application of antibiosis.. The contaminations 
of the processed AM might be due to sporulating microorganism, 
which survive the decontamination (Bacillus spec.) or secondary 
contamination of the tissue due to inappropriate handling during the 
test procedure.
Commercial Relationships: Henning Thomasen, Biomerieux (R); 
Klaus-Peter steuhl, None; Daniel Meller, None
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The expression of prostaglandin E2 receptor 3 in the eyelid 
epidermis of patients with Stevens-Johnson syndrome/toxic 
epidermal necrolysis
Hiroki Mieno, Mayumi Ueta, Keiko Yamada, Yukito Yamanaka, 
Tomomichi Nakayama, Akihide Watanabe, Shigeru Kinoshita, 
Chie Sotozono. Kyoto Prefectural University of Medicine, Kyoto, 
Japan.
Purpose: 
We previously performed a genome-wide association study of 
Stevens-Johnson syndrome/toxic epidermal necrolysis (SJS/TEN) 
patients and reported the association between SJS/TEN and the 
prostaglandin E receptor 3 (PTGER3) gene. Prostaglandin E2 
receptor 3 (EP3) is encoded by the PTGER3 gene. We also reported 
that prostaglandin E2-EP3 signaling inhibits keratinocyte activation 
and exerts an anti-inflammatory effect in a murine contact dermatitis 
model. The purpose of this present study was to investigate the 
expression of EP3 in the eyelid epidermis of patients with SJS/TEN.
Methods: 
We obtained eyelid samples from SJS/TEN patients (n=3) and 
patients without SJS/TEN (n=3) who were undergoing surgery 
to treat trichiasis and compared the expression of EP3 in the 
epidermis of those samples between those two groups of patients. 
Immunostaining was performed via the 3, 3'-diaminobenzidine 
(DAB) immunological staining method.
Results: DAB immunohistochemical staining revealed EP3 
expression in the epidermis in all samples, including those of the  
SJS/TEN patients.
Conclusions: In this study, we found that the expression of EP3 in 
the eyelid epidermis of SJS/TEN patients was not downregulated. 
We previously reported that EP3 was markedly downregulated 
in the conjunctival epithelium of SJS/TEN patients. This finding 
possibly suggests that the expression of EP3 in the epidermis does 
not contribute to the ocular inflammation in the chronic stage of SJS/
TEN.
Commercial Relationships: Hiroki Mieno; Mayumi Ueta, 
None; Keiko Yamada, None; Yukito Yamanaka, None; 
Tomomichi Nakayama, None; Akihide Watanabe, None; 
Shigeru Kinoshita, None; Chie Sotozono, None
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Influence of lipopolysaccharide on proinflammatory gene 
expression in human corneal, conjunctival and meibomian gland 
epithelial cells
Afsun Sahin1, 2, Wendy R. Kam2, Raheleh R. Darabad2, Yang Liu2, 
David A. Sullivan2. 1Department of Ophthalmology, Eskisehir 
Osmangazi University Medical School, Eskisehir, Turkey; 2Schepens 
Eye Research Institute, Boston, MA.
Purpose: Lipopolysaccharide (LPS), a bacterial toxin, is 
known to stimulate leuokotriene B4 (LTB4) secretion by human 
corneal, conjunctival and meibomian gland epithelial cells. We 
hypothesize that this LTB4 effect represents an overall induction of 
proinflammatory gene expression in these cells. Our objective was to 
test this hypothesis.
Methods: We cultured immortalized human corneal (gift from  
Dr. James Jester, Irvine, CA), conjunctival (gift from Dr. Ilene 
Gipson, Boston, MA) and meibomian gland epithelial cells in the 
presence or absence of LPS (15 μg/ml) and ligand binding protein 
(150 ng/ml). Cells were then processed for the isolation of RNA and 
the evaluation of gene transcripts by utilizing Illumina BeadChips, 

background subtraction, cubic spline normalization and GeneSifter 
software.
Results: Our findings show that LPS induces a striking increase in 
proinflammatory gene expression in human corneal and conjunctival 
epithelial cells. These cellular reactions are associated with a 
significant upregulation of genes associated with inflammatory 
and immune responses (e.g. IL-1 beta, IL-8, and tumor necrosis 
factor), including those related to cytokine-cytokine receptor 
interactions, chemokine and Toll-like receptor signaling pathways, 
and chemotaxis. In contrast, with the exception of Toll-like signaling 
pathways, almost no proinflammatory ontologies were upregulated by 
LPS in human meibomian gland epithelial cells.
Conclusions: Our results support our hypothesis that LPS stimulates 
proinflammatory gene expression in human corneal and conjunctival 
epithelial cells. However, our findings also show that LPS does not 
elicit such proinflammatory responses in human meibomian gland 
epithelial cells.
Commercial Relationships: Afsun Sahin; Wendy R. Kam, None; 
Raheleh R. Darabad, None; Yang Liu, None; David A. Sullivan, 
None
Support: NIH grant EY05612, the Margaret S. Sinon Scholar in 
Ocular Surface Research fund, TUBITAK, and the Guoxing Yao 
Research Fund
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Characterization of inflammatory changes in lacrimal glands in a 
mouse model of type 2 diabetes
Laura Soriano-Romani1, 2, Orla Galvin3, Rob Jones3, 
Sharon Cheetham3, Yolanda Diebold1, 2. 1Ocular Surface Group, 
IOBA - University of Valladolid, Valladolid, Spain; 2Biomedical 
Research Networking Center on Bioengineering, Biomaterials and 
Nanomedicine (CIBER-BBN), Valladolid, Spain; 3RenaSci Ltd, 
Nottingham, United Kingdom.
Purpose: Around 70 % of diabetic patients suffer from ocular surface 
complications. Although the aetiology underlying the development of 
these complications remains unclear, rodent diabetic models maybe a 
helpful tool to study the physiopathology of the disease. In this study 
we have characterized the inflammatory changes in lacrimal glands 
in a mouse model of type 2 diabetes induced by the combination of a 
high-fat diet (HFD) and low-dose streptozotocin (STZ).
Methods: Male C57BL/6J mice were placed on a HFD (60 %, 
D12492, Research diets) for 4 weeks prior to administration of STZ 
(50 mg/kg ip) or vehicle (ip) for 5 days. After 15 weeks, terminal 
blood was taken and lacrimal glands removed and weighed. Plasma 
glucose and blood HbA1c were quantified to assess diabetic status. 
Lacrimal glands were processed, embedded and sectioned (5 μm). 
Advanced glycation end (AGE) products and interleukin(IL)-1β 
were evaluated by immunofluorescence. Cell death was analysed by 
TUNEL staining. Immunostaining intensities were assessed using 
ImageJ software. Hematoxylin and eosin stained lacrimal gland 
tissue sections allowed for the scoring and analysis of inflammatory 
infiltrates.
Results: Glucose (34.45 ± 0.63 vs 15.74 ± 0.39; mean ± SEM; mM) 
and HbA1c (9.74 ± 0.10 vs 5.51 ± 0.07; mean ± SEM; %) levels were 
significantly higher (p<0.001; n=12-15) in HFD/STZ than in HFD 
mice. Lacrimal gland weights (9.46 ± 0.55 vs 14.17 ± 0.62; mean ± 
SEM; mg) were significantly lower (p<0.001; n=12-15) in HFD/STZ 
than in HFD mice, although the ratio between lacrimal gland weight 
(mg)/body weight (g) was not significantly altered. Preliminary 
data using fluorescent intensities revealed increased levels of IL-1β 
(p<0.05; n=6) and TUNEL (p=0.08; n=6) in HFD/STZ lacrimal 
glands when compared to HFD lacrimal glands. In contrast, no 
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differences in AGE immunostaining or scored number of infiltrates 
were observed (n=9-10).
Conclusions: Lacrimal glands from diabetic HFD/STZ mice exhibit 
increased inflammatory markers compared to those from control mice 
on a HFD. These data suggest that investigation of inflammation-
based changes in conjunctival and corneal tissues is warranted. 
Furthermore, this model of type 2 diabetes may address the need for 
better models to enhance the knowledge of the diabetic ocular surface 
disorders and a novel research tool to advance therapeutics in this 
field.
Commercial Relationships: Laura Soriano-Romani, None; 
Orla Galvin, None; Rob Jones, None; Sharon Cheetham, None; 
Yolanda Diebold, None
Support: Marie Curie Industry-Academia Partnerships and  
Pathways (IAPP) grant (612218/3D-NET), FEDER-CICYT grant 
(MAT2013-47501-C2-1-R) and Regional JCyL Scholarship/European 
Social Fund Program (VA098-12).
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The Role of the Oxytocin and Secretin Receptors in Modulating 
Inflammation in Ocular Surface Tissues
Aliaa Abdelhakim1, Muhammad Anwar2, Lauren Rosko2, 
James Todaro1, Takayuki Nagasaki1, Robert Ludwig3, 
Martha Welch2, 3, Bryan J. Winn1. 1Harkness Eye Institute, Columbia 
University Medical Center, New York, NY; 2Department of 
Psychiatry, Columbia University Medical Center, New York, NY; 
3Department of Pediatrics, Columbia University Medical Center,  
New York, NY.
Purpose: Inflammatory diseases of the ocular surface occur with 
high prevalence. Previous studies have shown that co-administration 
of oxytocin and secretin reduced gut inflammation elicited by 
experimental colitis in rodents. Here, we investigate the presence of 
the oxytocin and secretin receptors (OXTR and SCTR) on the corneal 
and conjunctival surfaces and their role as possible modulators of 
ocular surface inflammation.
Methods: We used immunofluorescence to localize OXTR and 
SCTR in paraffinated sections of rodent and human eyes, and in the 
SV40-HCEC human cornea cell line. To test the effects of OXTR 
and SCTR in vitro, we created a cell culture model of ocular surface 
inflammation by adding the inflammatory cytokine TNF-α to SV40-
HCEC cells and measuring the resultant levels of the inflammatory 
marker ICAM-1 by Western blot. The program ImageJ was used to 
quantify signals.
Results: OXTR was expressed in the superficial layer of human 
corneal and conjunctival epithelia (Fig 1a); this pattern was also 
observed in rat eyes. OXTR was also expressed in SV40-HCEC 
cells. SCTR was detected in the human and rat cornea (Fig 1b) and 
in SV40-HCEC cells. Expression of both receptors was confirmed 
in SV40-HCEC lysate by Western blotting. To test the anti-
inflammatory effects of oxytocin and secretin in vitro, we measured 
ICAM-1 expression levels in SV40-HCEC cells after individual or 
combined oxytocin and secretin treatment. Levels of ICAM-1 were 
compared with TNF-α alone, TNF-α plus oxytocin, TNF-α plus 
secretin, or TNF-α with both hormones added (Fig 1c). ICAM-1 
levels 3 hours after addition of oxytocin were ~40% of that measured 
with TNF-α treatment alone. Secretin similarly decreased ICAM-1 
levels to ~40% at the same time point. The combination of the two 
drugs resulted in no further reduction in ICAM-1 levels. Effects of 
the hormones were transient with the maximal effect at 3-4 hours 
after hormone addition.
Conclusions: OXTR and SCTR are present on humans and rodent 
ocular surface tissues. Addition of oxytocin and/or secretin appears to 

decrease inflammation in cell culture as measured by ICAM-1 levels. 
These data suggest an anti-inflammatory role for these receptors on 
the ocular surface and possible use as therapeutic targets in ocular 
surface disease.

Figure 1. a: OXTR expression, human cornea. b: SCTR expression, 
human cornea. c: Effect of oxytocin and secretin on ICAM-1 levels, 
SV40-HCEC cells.
Commercial Relationships: Aliaa Abdelhakim, None; 
Muhammad Anwar, None; Lauren Rosko, None; James Todaro, 
None; Takayuki Nagasaki, None; Robert Ludwig, None; 
Martha Welch, None; Bryan J. Winn, None
Support: Research to Prevent Blindness Departmental Grant
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Activation of the brain in normal subjects in response to an 
ocular surface stimulus
Stephanie Cox1, Mark Bolding2, Jason J. Nichols1. 1School of 
Optometry, University of Alabama at Birmingham, Hoover, AL; 
2Department of Radiology, University of Alabama at Birmingham, 
Birmingham, AL.
Purpose: To assess the feasibility of mapping the central processing 
of corneal sensation in the brainstem using functional magnetic 
resonance imaging (fMRI).
Methods: Subjects were provided with an informed consent prior to 
participation and were included if they had a Symptom Assessment 
in Dry Eye questionnaire score less than 20 mm and no history of 
contact lens wear or ocular surgeries. A 3T Siemens Prisma MRI 
scanner was used for measurement of activation within the brain. 
A high resolution anatomical scan (MPRAGE, 0.8 mm isotropic 
voxels) as well as functional scans (TR = 3540 ms, 81 scans, 1.9 
x 1.9 x 2.0 mm, full brain coverage) were performed. During the 
functional scans, the right eye was exposed to a stream of oxygen for 
20 seconds, and then the stimulus was stopped for 20 seconds. This 
cycle was repeated for the duration of the scan. Data preprocessing 
included realignment, co-registration, and normalization. A contrast 
between the two conditions (with vs. without stimulus) was used 
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to find areas of activation in each subject. Statistical Parametric 
Mapping (SPM12) with the spatially unbiased atlas template of the 
cerebellum and brainstem (SUIT) toolbox was used for imaging 
processing and analysis.
Results: Two female subjects were recruited (ages: 27 and 46). 
These subjects showed increased activation within three areas of 
the brainstem whose positions correspond to the primary sensory 
nucleus, and the Vi/Vc complex and the Vc/C1 complex of the 
trigeminal nucleus (Figure 1).
Conclusions: fMRI assessment of ocular surface sensation in the 
brainstem is feasible and could provide a powerful tool to further 
investigate the neurological response of humans to a variety of ocular 
surface stimuli and how this response differs in a variety of ocular 
surface diseases.

The areas of activation seen in the brainstem in red are (caudally to 
rostrally) the Vc/C1 complex of the trigeminal nucleus, the Vi/Vc 
complex of the trigeminal nucleus, and the primary sensory nucleus.
Commercial Relationships: Stephanie Cox, None; Mark Bolding, 
None; Jason J. Nichols, None
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Comparative nerve architecture and CGRP content between rat 
and guinea pig corneas
Jiucheng He, Thang L. PHAM, Haydee E. Bazan. Ophthalmology & 
Neuroscience Ctr, LSU Health Sciences Center, New Orleans, LA.
Purpose: Corneal innervation in both rat and guinea pig models have 
been extensively investigated, but no studies have provided an entire 
map of their nerve architecture or the content of one of the most 
abundant neuropeptides, calcitonin gene-related peptide (CGRP). 
We here used our modified technique of immunofluorescence and 
imaging to compare the anatomic features and total CGRP nerve 
content between these two animal models.

Methods: Adult albino rats and guinea pigs of both genders were 
euthanized, and the whole corneas were excised and fixed. The 
corneas were stained with the primary monoclonal rabbit anti-PGP9.5 
antibody, and whole-mount images were acquired to build an entire 
view of the corneal nerve architecture. To obtain the relative content 
of CGRP, the specimens were double stained with monoclonal mouse 
anti-CGRP antibody. To obtain the transected view, the same corneas 
were cryosectioned. Relative nerve fiber densities for each fiber 
population were assessed on the basis of a whole mount view of the 
entire nerve architecture by computer-assisted analysis.
Results: There was no significant difference in both the shape and the 
number of thick stromal nerves between the corneas of rats (18.7±2.4, 
n=10 eyes) and guinea pigs (19.3±2.36, n=8 eyes). However the 
shape and density of subbasal nerves were different between the 
two animals. In the rat, the subbasal bundles run as long and straight 
branches towards the center of the cornea, while in the guinea pig, 
the subbasal bundles are short and scattered. Subbasal nerve density 
of central cornea, calculated as the percentage of total area, was 
significantly higher (p<0.05) in the rat (21.76 ± 1.94%, n=10 eyes) 
than that in the guinea pig (11.46±1.75%, n=8 eyes). Nerve terminals 
budding from the bundles, calculated as the number of terminals/
mm2, were also greater in the rat (831±57) than in the guinea pig 
(663±50). Double staining showed that in the central cornea CGRP-
positive nerve fibers in the rat (47.62±3.51%) were significantly 
higher (p<0.05) than those in the guinea pig (10.81±2.28%).
Conclusions: Our results indicate that corneal epithelial innervation 
of the two animals have a different morphology and density. While 
the rat looks more similar to the human and mouse corneas, the 
guinea pig has a different architecture and distribution of CGRP. 
These differences need to be considered when extrapolating results 
from animal models to humans.

Commercial Relationships: Jiucheng He, None; Thang L. PHAM, 
None; Haydee E. Bazan, None
Support: NIH Grant R01 EY 19465, and a grant from the Research 
Foundation to Prevent Blindness.
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A Novel Experimental Model for Corneal Neuropathic Pain: The 
Ciliary Nerve Ligation Approach
Yashar Seyed-Razavi1, Maria J. Lopez1, Takefumi Yamaguchi3, 
Pedram Hamrah1, 2. 1Center for Translational Ocular Immunology, 
Ophthalmology, Tufts Medical Center, Boston, MA; 2Cornea Service, 
New England Eye Center, Ophthalmology, Tufts Medical Center, 
Boston, MA; 3Ophthalmology, Tokyo Dental College, Ichikawa 
General Hospital, Chiba, Japan.
Purpose: The purpose of this study was to develop a murine model 
of corneal neuropathic pain.



ARVO 2017 Annual Meeting Abstracts

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

Methods: Following a lateral canthotomy, two tractional 5-0 nylon 
sutures were placed temporally and the lateral conjunctival fornix 
incised circumferentially (90 degrees) taking care not to damage the 
retro-orbital venous plexus. The eye globe was rotated nasally by 
gently pushing the nasal conjunctival fornix with blunt tip curved 
forceps. A 7-0 silk suture was placed and tightened around the 
exposed optic nerve and surrounding ciliary nerve branches, ligating 
the ciliary nerves without severing them. Mice undergoing all 
surgical steps yet lacking the ligation suture served as sham controls. 
Following the procedure, two 8–0 nylon sutures for tarsorrhaphy 
were placed. An eye-wiping test was used to evaluate corneal 
sensitivity at baseline and 3, 7, and 14 days post surgery (dps) with 
10μL of hyperosmolar saline solution [2M] applied to treated eyes. 
Light and fluorescein stained images of the ocular surface were also 
acquired with a slit-lamp. Excised corneal flat-mounts were stained 
with anti-βIII tubulin to assess nerve alterations.
Results: No epithelial defects, corneal opacity or neovascularization 
were noted in either sham control or suture group. The application 
of hyperosmolar solution resulted in increased eye-wipe/ blink 
rate and behavioral changes indicative of discomfort/ pain at 3dps 
(31.3±5.3 vs. 13.7±1.1 wipes/ 30seconds, p=0.04), 7dps (33±4.6 vs. 
16±3.5, p=0.04) and 14dps (34.3±4 vs. 16.7±3.2, p=0.03) compared 
to sham controls, and to baseline in wild-type un-manipulated mice 
(11±1.3, p<0.001, one-way ANOVA). Analysis of corneal flat-mounts 
revealed that ligation did not result in nerve avulsion, but did lead 
to a decrease in total (77±13.7 vs. 127.8±6 mm/mm2, p=0.008), 
subbasal (59.8±14.4 vs. 103.5±7.4, p=0.04) and stromal nerve density 
(17.2±1.6 vs. 27.4±2.8, p=0.04) of the central cornea at 28dps, as 
compared to steady state. Beading was also present along the nerve 
fibers following ligation.
Conclusions: We have developed a minimally invasive, simple and 
novel murine model of corneal neuropathic pain by way of ligation 
of ciliary nerves. This model can be applied towards understanding 
ocular pain, investigating the underlying mechanisms of nerve 
function in a neuropathic setting, as well as the therapeutic effect of 
drugs in the treatment of this debilitating disease.
Commercial Relationships: Yashar Seyed-Razavi, None; 
Maria J. Lopez; Takefumi Yamaguchi, None; Pedram Hamrah, 
None
Support: NIH-R01- EY022695 (PH), NIH-R21-EY025393 and Tufts 
Medical Center Institutional Support.
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Quantifying UV light absorption and exposure within various 
structures of the eye
Helena Gali, Hideki Fukuoka, Natalie A. Afshari. Shiley Eye 
Institute, University of California San Diego, La Jolla, CA.
Purpose: The relationship between UV light and damage to the eye 
has been established, but the degree to which UV light penetrates 
the eye and what structures absorb the most UV light was previously 
unknown. The aim of our study is to quantify UV light exposure 
in the eye and to determine the amount of UV light irradiance that 
various layers of the eye receive as light passes through the eye. 
Additionally, protective benefits of UV light blocking contact lenses 
are investigated.
Methods: Thirty pig eyes were prepared in one of three ways: 
isolated cornea, cornea plus lens, and whole eye preparation, in which 
a hole was made in the fovea to measure light as it passed through the 
vitreous. A UV-A/B light meter designed to detect UV light between 
280-400nm wavelengths was used to measure irradiance of the sun 
outdoors at baseline. UV light irradiance was then measured after 
the UV light meter was covered by one of the eye preparations in 

order to measure UV light penetration in various eye structures. A 
UV-protective contact lens was placed over the eye structure, and UV 
light penetrance was measured. Additionally, measurements of UV 
light exposure were taken outdoors at various locations and times 
throughout the day as the sun angle changed.
Results: Cornea absorbed 63.56% of UV light that reached the 
eye. Cornea and lens absorbed 99.35% of UV light. The whole eye 
absorbed 99.77% of UV light. When UV-protective contact lenses 
were in place, the absorption was 98.9%, 99.55%, and 99.87%, 
respectively. Additionally, UV light exposure to the eye was highest 
at mid-morning and mid-afternoon, and the exposure was greatest in 
areas of high albedo.
Conclusions: Cornea absorbs the majority of UV light that reaches 
the eye in this model. UV-protective contact lenses reduced UV 
exposure to the eye by absorbing UV light. Areas with high albedo 
during mid-morning and mid-afternoon exposed the eye to the 
highest levels of UV light. With anterior structures of the eye 
absorbing the most UV light and with the effectivity of the UV-
protective contact lenses, protecting the eye with UV-blocking 
contact lenses could reduce the risk of UV light mediated ocular 
aging. Further investigation of UV light penetrance of eye structures 
and the effectiveness of UV-protective contact lenses is needed to 
better understand the impact of UV light on individual structures of 
the eye.
Commercial Relationships: Helena Gali, None; Hideki Fukuoka, 
None; Natalie A. Afshari, None
Support: Research to Prevent Blindness, NIH Grant T35 AG026757/
AG/NIA
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Detectability of Belmonte pneumatic corneal chemical stimuli in 
asymptomatic participants
Varadharajan Jayakumar, Trefford L. Simpson. Optometry & Vision 
Science, University of Waterloo, Waterloo, ON, Canada.
Purpose: To evaluate the detectability and response bias of 
asymptomatic participants for supra-threshold chemical stimuli, using 
signal detection theory.
Methods: The Waterloo version of modified Belmonte pneumatic 
esthesiometer was used in this study. Ten asymptomatic and non-
contact lens wearing participants were recruited and informed 
consent was obtained. The mechanical thresholds were obtained first 
using ocular temperature medical air stimuli and then flow rate of half 
of the mechanical threshold was used for chemical stimuli to avoid 
any mechanical effect influencing participant’s response for chemical 
stimulation. To obtain the chemical threshold, CO2 was added to the 
air systematically; a fixed flow rate was used and the concentration 
was varied in 5% steps using the ascending method of limits 
procedure. The thresholds were measured twice and the average was 
used for measuring detectability. To keep the sensation similar across 
all the participants for detection, the concentration of supra-threshold 
stimuli was 1.5 times individual chemical threshold. 50 trials were 
presented with stimulus probability of 0.4 (20 signal and 30 catch 
trials). Between each trail, a recovery time of 25 sec was provided to 
the participants. The order of the presentation was randomised and 
trials were demarcated using computerised tones. Responses (“yes” 
(there was a signal) or “no” (there was no signal)) were recorded 
using a button box. A calibrated video camera verified the 5mm 
distance of the esthesiometer tip from the center of the cornea and 
participants were encouraged to blink during the recovery period.
Results: The average (± SE) mechanical threshold for the group was 
37.5 ± 10.2 ml/sec and chemical threshold for the group was 18.5 ± 
4.7 %CO2 added. The detectability of the supra-threshold chemical 
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stimuli was 1.16 (± 0.4) with a response bias of 2.8 (± 1.6) and 
criterion at 0.36 (± 0.23).
Conclusions: Consistent detectability and criterion/bias were 
obtained with stimuli scaled relative to each participant’s threshold. 
The criterion metric close to zero suggests a conservative strategy  
(as expected due to low stimulus probability) adopted by the 
participants. Although the experiments are much more protracted 

than those typically used to measure thresholds with pneumatic 
stimulation, participant’s responses to chemical stimulation of the 
cornea with pneumatic stimuli can be analysed using signal detection 
theory.
Commercial Relationships: Varadharajan Jayakumar, None; 
Trefford L. Simpson, None
Support: NSERC Canada


